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Context: While it is well recognized that physical and physiological changes are more prominent in individuals
with higher neurologic levels of spinal cord injury (SCI), the impact of level of lesion on cognition is less clear.
Design: Cross-sectional, 3-group.
Setting: Non-profit rehabilitation research foundation.
Participants: 59 individuals with SCI (30 with tetraplegia, 29 with paraplegia) and 30 age-matched healthy
controls (HC).
Interventions: None.
Outcome Measures: Neuropsychological tests in the domains of attention, working memory, processing speed,
executive control, and learning and memory.
Results: Results indicated significantly lower test performance in individuals with paraplegia on new learning
and memory testing compared to HC. In contrast, compared to HC the group with tetraplegia, showed a
significantly impaired performance on a processing speed task, and both the tetraplegia and the paraplegia
groups were similarly impaired on a verbal fluency measure. SCI groups did not differ on any cognitive measure.
Conclusion: IndividualswithSCImaydisplaydifferentpatternsofcognitiveperformancebasedon their level of injury.
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Introduction
Traumatic spinal cord injury (SCI) is prevalent.1

Research commonly focuses on physical consequences
of SCI and the majority of rehabilitation efforts target
motor function. However, cognitive consequences also
ensue, with up to 60% of individuals with SCI
showing cognitive deficits.2–6 The relative risk of cogni-
tive impairment in persons with SCI is 13 times greater
than in able-bodied individuals,7 with deficits documen-
ted in attention,2,3,8–10 concentration,3,8–10 new learning
and memory (NLM),3,8,9,11 abstract reasoning,3 and
processing speed (PS).12 These cognitive deficits occur

in both younger and older individuals with SCI2–5

during both acute13 and chronic14 stages. In fact, cogni-
tive deficits that present acutely post-injury appear to
worsen over the initial 1–2 years post-injury.13

Cognitive deficits have a negative impact on rehabili-
tation outcomes following SCI, with less functional
gains noted in persons with cognitive deficits.15 In
addition, increased risk for re-hospitalization has been
reported in persons with SCI with cognitive deficits.16

Not surprisingly, these cognitive deficits exert a signifi-
cant impact on everyday life, with community and
social re-integration,12,17 self-perception and quality of
life (QOL) adversely impacted.12,17–19

Despite the evidence of cognitive deficits in persons
with SCI and their adverse impact, the cause of these
deficits remains undetermined. Concomitant traumatic
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brain injury (TBI)2–5,20,21 has often been implicated, in
addition to secondary trauma (e.g. cerebral edema,
hypoxia) and cardiovascular and cerebrovascular dys-
function.11,22,23 Other potential contributors include
core body temperature dysregulation,24,25 medication
management,26 sleep apnea,27 or treatment for neuro-
genic urinary tract dysfunction.28,29 Our group recently
proposed accelerated brain aging post-injury as a poss-
ible explanation for observed cognitive decline.14,22,30

It is widely recognized that individuals with higher
neurologic levels of SCI (i.e. T1 and above) have a
greater physical disability as compared to lower levels
of neurologic injury.31 However, the impact of lesion
level on cognition is less clear. Several published
studies show no relationship between cognitive impair-
ment and level of SCI.3,7,32–36 However, the literature
regarding SCI and cognition remains nascent, and is
hampered by significant limitations. For example,
several studies use cognitive subscales included within
general disability scales32–37,38 to assess cognition,
rather than conducting specialized neuropsychological
examinations designed to examine cognition specifi-
cally. Differences by lesion level emerge with detailed
neuropsychological assessment.39

The application of technology to better understand
the relationship between cognition and level of lesion
has shed light on the relationship between the two.
Event related potentials (ERPs) have shown slower
response times in those with tetraplegia compared to
paraplegia; false-negative errors were also significantly
more common in the tetraplegia group.40–43 Positron
emission tomography studies have shown altered acti-
vation in sensorimotor and subcortical networks with
higher injury levels.44,45 Significant differences have
also been noted between individuals with tetraplegia
and paraplegia in Grey Matter Volume (GMV), with
higher-level injuries presenting with reduced levels of
GMV.46 The impact of GMV on cognition has not yet
been examined.
Much work thus remains to be done to understand

the impact of level of injury on cognition. In an effort
to identify patterns of cognitive deficits in persons
with SCI of different lesion levels, we examined cogni-
tion in persons with traumatic SCI at the thoracic
versus the cervical level, as compared to age-matched
non-SCI healthy controls (HC) using a comprehensive
neuropsychological battery. We hypothesized that neu-
ropsychological performance in persons with SCI
would differ by level of injury, and that, regardless of
level of injury, performance would significantly differ
from HC.

Methods
Participants
Recruitment ran from October 2013-March 2016.
Fifty-nine individuals with SCI were enrolled, includ-
ing 30 individuals with tetraplegia (injury level C3-
T1) and 29 individuals with paraplegia (T2-T12). We
additionally enrolled 30 non-SCI healthy controls
(HC), age-matched to participants with SCI (30–40
years old).
All participants demonstrated intact visual acuity

(minimum 20/60 in worst eye with prescription
eyewear) and English proficiency. Participants with
SCI had an American Spinal Injury Association
Impairment Scale (AIS) grade A, B or C; all were
non-ambulatory (wheelchair usage ≥40 h/week) and
were at least 1-year post-injury (range: 1–31 years).
Exclusion criteria included positive neurological
history (e.g. stroke, multiple sclerosis), significant psy-
chiatric history (e.g. post-traumatic stress disorder,
schizophrenia, bipolar disorder), and illicit drug abuse
within the past 6-months. Participants were excluded
for a documented history of TBI, including TBI co-
occurring with SCI, via medical record review and
patient self-report. As the study recruitment site also
operates as a TBI Model System, research assistants
were trained to recognize diagnostic criteria for TBI
based on TBIMS standards (i.e. combination of
Glasgow Coma Scale, loss of consciousness, post-trau-
matic amnesia, and neuroimaging). Additionally, par-
ticipants were excluded for evidence of metabolic
syndrome, including diabetes. Other risk factors for
cardiac disease were noted including obesity and high
cholesterol (Table 1). Individuals with diagnosis of
dementia were excluded, as well as individuals scoring
≤22 on a motor-free adaptation (i.e. revised 3-step
command to “smile, look at the door, and wiggle your
nose”, visuospatial discrimination task instead of con-
structional praxis) of the Mini-Mental Status
Examination (MMSE).47

Participants with SCI were enrolled prior to HCs to
facilitate age-matching. Individuals with SCI were
recruited from the Northern New Jersey SCI Model
(NNJSCIS) System, and through posted flyers at
support groups and treatment facilities. HC participants
were recruited from the local community and flyers and
were matched to SCI participants for sex, race, smoking
status, socioeconomic status, IQ, and education (±1
year), to the best of our ability. Participants with SCI
were screened for level and severity of injury based on
prior evaluation using the International Standards for
the Neurological Classification of SCI (ISNCSCI).48
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There was no significant difference between the
groups in age (Table 1). However, the groups were sig-
nificantly different in education (F(2,86) = 9.10, P <
.001) and pre-morbid Verbal IQ (VIQ) as estimated by
the WASI-II Vocabulary subtest (F(2,85) = 9.34, P <
.001). The tetraplegia and paraplegia groups both had
significantly fewer years of education (t(58) = 3.08,
P = 0.008; t(58) = 4.09, P < .001, respectively) as com-
pared with HC. The paraplegia group also had a lower
estimated pre-morbid verbal IQ (t(58) = 4.32, P <
0.001) compared to HC. Given that education and
WASI-II VIQ were significantly correlated (P < 0.001),
all subsequent analyses utilized only education as a co-
variate, rather than both variables. Additionally, there
were significant differences between the groups on pre-
scribed medications (i.e. oxybutynin, baclofen, psycho-
tropic, pain medications). However, due to the risk of
multicollinearity between these variables and the group-
ing variable, as well as the diminished power if these
factors were all included as covariates, these variables
were not included in each model.
Neuropsychological Assessment was completed by all

participants and was motor-free. (Normative scores

were calculated based on reference listed with test
name below.)
Digit Span, Wechsler Intelligence Scale–III (WAIS-

III)49 assessed simple attention (forward) and WM
(backward). In each segment, the examiner reads
random number sequences aloud at the rate of one-
per-second. WAIS III Digit Span has high internal con-
sistency reliability (r = .90) and construct validity.49

Symbol Digit Modalities Test (SDMT)50 – oral
version examined PS. Participants are asked to quickly
orally substitute numbers for geometric symbols based
on a provided key over 90 s. The SDMT has good alter-
nate forms (r = .82, r = .84) and test-retest (r = .76)
reliability. It is sensitive to cognitive deficits across
populations.50,51

Letter-Number Sequencing, (WAIS-III LNS)49 quan-
tified auditory WM. Numbers and letters are orally pre-
sented in a specified random order. The subjects
reorganize the numbers in ascending order, followed
by the letters in alphabetical order. High internal con-
sistency reliability (r = .90) and construct validity has
been demonstrated, as well as differential sensitivity to
several neurocognitive disorders.49

Table 1 Demographic information by group.

Tetraplegia
n = 30

Paraplegia
n = 29

HC
n = 30 ANOVA Chi-square

Age (years) 36.57 (7.57) 34.31 (6.38) 35.73 (7.35) 0.754 –

Sex (% male) 83.33% 89.65% 76.67% 1.776
Ethnicity (%) – 3.779

Caucasian 53.33% 41.38% 50.00% 0.895
African American 30.00% 44.83% 26.67% 2.455
Asian 3.33% 3.45% 10.00% 1.639
Hispanic 13.33% 10.34% 13.33% 0.161
Native American 0.00% 0.00% 0.00% –

Other 0.00% 0.00% 0.00% –

Education (years) 13.87 (2.36) 13.31 (2.06) 15.5 (1.7) 9.102*** –

WASI-II Vocabulary SS 10.22 (2.56) 8.66 (3.10) 11.79 (2.6) 9.340*** –

ASIA Classifications
A 46.67% 55.17% –

B 33.33% 20.69% –

C 20.00% 24.14% –

D 0.00% 0.00% –

E 0.00% 0.00% –

Cardiovascular Risk Comorbidities
Obesity 3 9 7 – 3.992
Hypercholesterolemia 0 1 0 – 2.092
Hypertension 0 4 4 – 4.473

Medications
Statins 0 0 1 – 2.938
Psychotropic/pain Rx 8 9 0 – 8.457*
Baclofen 18 10 0 – 19.857***
Oxybutynin 17 8 0 – 19.100***

Chicago Multiscale Depression Inventory (Total T-score) 53.05 47.40 47.35 1.041 –

State Trait Anxiety Inventory – State (Standard Score) 53.52 46.40 44.83 2.567 –

State Trait Anxiety Inventory – Trait (Standard Score) 54.09 47.20 47.75 1.515 –

*P < 0.05, **P < 0.01, ***P < .001.
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The California Verbal Learning Test-II (CVLT-II)52

assesses verbal NLM. Sixteen words from 4 semantic
categories are read aloud by the examiner over 5 trials;
after each trial, the examinee freely recalls as many
words as possible. A 20-minute delayed recall and recog-
nition trial follow. High internal consistency (r = .94),
split-half reliability (r = .83), test-retest reliability (r =
.82) and construct validity have been shown.52

The Paced Auditory Serial Addition Test (PASAT)53

places demands on both PS and WM, by asking partici-
pants to add a series of aurally presented digits to the
one immediately preceding it. Four trials are presented,
each containing 50 digits; each of the 4 trials differs in
speed of presentation. The PASAT has high internal
consistency54 and spilt half reliability (r = .96),54 is sen-
sitive to PS deficits,55 neurocognitive syndromes includ-
ing concussion56,57 and diffuse cerebral damage.58

The Delis-Kaplan Executive Function System (D-
KEFS)59

• Verbal Fluency subtest requires the verbal generation of
words in 60 s to both letters and categories. Prompts are
provided by the examiner for letters (F, A, S), followed
by semantic categories (e.g. animals).

• The Stroop Color-Word Interference Test measures
inhibitory control and cognitive flexibility through
color naming and word reading tasks, followed by a
color-word interference trial, which requires the exami-
nee to inhibit the automatic response (reading) with the
desired response (naming ink color). The speed com-
ponent was removed from the total to allow for a
pure measure of inhibitory control (Trial 3-Trial 1).

The Wechsler Abbreviated Scale of Intelligence- Second
Edition (WASI-II), Vocabulary subtest60 assessed pre-
morbid IQ. High intercorrelations between the WASI
and WAIS-III IQ scales have consistently been docu-
mented (range: 0.66–0.92).60

The Chicago Multiscale Depression Inventory
(CMDI)61 is a self-report depression measure that
differentiates between aspects of depression (i.e. vegeta-
tive, affective, evaluative). It has high internal consist-
ency (e.g. Cronbach’s Alpha = 0.84) and demonstrates
convergent validity with the Beck Depression
Inventory (r = 0.68).61 Higher T-scores indicate
greater symptoms.
The State Trait Anxiety Inventory (STAI)62 is a stan-

dardized, well-established measure of current feelings of
anxiety, including calmness, security, fear. Test-retest
reliability is relatively high for trait anxiety and appro-
priately lower for state anxiety, given its natural fluctu-
ations. The STAI-Trait Anxiety Scale shows high
correlations with other measures of trait anxiety
(IAPT Anxiety Scale r = .75;63 Taylor Manifest

Anxiety Scale r = .8064). Higher T-scores indicate
greater symptoms.

Procedures
Potential participants were initially screened via tele-
phone and, if eligible, invited to complete study pro-
cedures. The neuropsychological test battery was
administered over 2–2.5 h by a Bachelor’s level research
assistant (RA) trained in testing procedures. Complete
assessment also included cardiovascular/cerebrovascu-
lar evaluation (heart rate[HR], finger blood pressure
[BP], cerebral blood flow velocity[CBFv], and brachial
BP), collected while the subject was resting in the
seated position and during neuropsychological testing.
The cardiovascular/cerebrovascular evaluation was
conducted by aMaster’s level RAwell-trained in the col-
lection of cardiovascular/cerebrovascular data. The
current paper focuses on patterns of neuropsychological
test performance between groups; the cardiovascular/
cerebrovascular data have been published elsewhere.65

Data were collected at Kessler Foundation (KF) in col-
laboration with investigators at the James J. Peters
Veterans Affair Medical Center (JJPVAMC).
Institutional Review Board approvals were obtained at
both institutions and informed consent was obtained
prior to initiating study procedures. To minimize bias,
data collectors remained blind to study hypotheses.

Data analysis
Statistical analyses were performed using JASP (Version
0.9.2; JASP Team (2019). JASP (Version 0.9.2)
[Computer software] (BibTeX); University of
Amsterdam); continuous data are reported as mean ±
standard deviation. Analysis of Covariance (ANCOVA)
with group as the between subjects’ variable (HC,
Tetraplegia, Paraplegia) was conducted on standardized
scores from each test. Normatively corrected scores were
utilized for all analyses to facilitate the identification of
differences in performance between groups and allow
interpretation of the extent of deficits. Education was a
covariate in all analyses due to significant group differ-
ences.Note that, despite a similar significant groupdiffer-
ence inWASI-IIVocabulary, only educationwas used as a
covariate due to the strong correlation between both
proxies of intelligence, as consistent with neuropsycholo-
gical normative practice.66 Tukey LSD tests were calcu-
lated for pair-wise comparisons where appropriate.
Significance was set at P < 0.05, and analyses were well-
powered to detect medium effect sizes at the omnibus
level (1 – β = 0.83 for effect size f = 0.31). There were
no missing data points on any primary outcomes.
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Results
Analyses were conducted on standardized scores wher-
ever available to control for age-related variability in
performance and provide a common metric across
tests through which we could interpret performance.
Results indicated significant differences between
groups in specific cognitive domains, with distinct pat-
terns noted between those with paraplegia and tetraple-
gia relative to HC.

New learning and memory (NLM)
A significant difference between the groups was noted
on CVLT-II short delay free recall (F(2,85) = 5.76,
P = .004, η2 = .12; Fig. 1), with a trend on total
words recalled on initial learning trials 1–5 (F(2,85) =
2.90, P = .06; η2 = .063). In both cases, the paraplegia
group performed at lower levels than HC (Table 2);
there were no significant differences between HC and
the tetraplegia group. There were no significant differ-
ences between the groups on long delay free recall.

Attention (ATTN), working memory (WM),
processing speed (PS)
A significant difference was noted on the SDMT, a test
of PS (F(2,85) = 5.18, P = .008; η2= 0.11; Fig. 2). The
group with tetraplegia performed at significantly lower
levels than HC (P = .006, Cohen’s d = 0.95; Table 2).
There was no significant difference between the HC
and paraplegia groups.
There were no significant between-group differences

on Digit Span, Letter-Number Sequencing or the
PASAT.

Executive control
A significant difference was noted between the groups
on letter fluency (F(2,85) = 3.86, P = .03, η2= .08),
namely between the HC group and both the paraplegia
(P = 0.04,Cohen’s d = 0.73) and the tetraplegia (P =
.04, Cohen’s d = 0.64) groups; no significant difference

was noted between the 2 SCI groups (Fig. 3). There
were no significant group differences on the DKEFS-
Color Word Interference test.
(Note that there were no cognitive domains in which

the tetraplegia and paraplegia groups significantly dif-
fered in performance.)

Discussion
It is accepted that higher injury levels injury result in
greater physical disability;31 however, few studies to
date have examined the relationship between lesion
level and cognitive performance in persons with SCI.
Consistent with our hypotheses, results showed that neu-
ropsychological performance indeed differs by level of
injury, and performance overall significantly differed
from HC. Significantly poorer NLM was noted in
those with paraplegia and impaired PS in those with tet-
raplegia, as compared to HC. Both tetraplegia and para-
plegia groups demonstrated impaired verbal fluency as
compared with the HC.
Study findings are contradictory to much of the

current literature indicating no relationship between
cognitive impairment and level of SCI.3,7,32–36 When
examining the methodological commonalities and dis-
tinctions between other studies and ours, one notable
difference is the method for assessing cognition.
Specifically, cognition can be assessed using general
screening measures that evaluate global cognition
versus using a detailed neuropsychological assessment,
sampling all domains of cognition specifically. It is
only through these detailed assessments that more
subtle cognitive changes can be detected. Oftentimes,
these two types of measurement result in vastly differ-
ent results, as is the case in the SCI literature. That is,
several of the studies that failed to show a relationship
between cognitive profile and level of injury utilized
cognitive subscales that are part of general disability
scales, such as the Functional Independence Measure
(FIM)32–37 and the Craig Handicap Assessment and
Reporting Technique (CHART),38 rather than special-
ized neuropsychological testing designed to examine
cognition specifically. In fact, many of these studies
explicitly noted ceiling effects in SCI groups on
measures such as the FIM.32,35–37 Hall and col-
leagues32 noted that the FIM cognition items are best
seen as rudimentary screening tools for cognitive
deficits.
Other studies have utilized domain-driven neuropsy-

chological assessment to identify patterns of cognitive
deficits in different levels of SCI. Importantly however,
these existing studies did not approach analysis of the
neuropsychological assessment exactly as in the

Figure 1 Performance on the CVLT-II short delay free recall by
group (z scores); P < .01.
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current study. Specifically, Richards et al.5 focused on
the change in cognition over time and only examined
level of injury by time, noting no differences. The
authors did not examine the impact of level of injury
solely on patterns of cognitive performance.

Additionally, Richard et al. focused on the delayed
aspects of memory function, wherein we did not note
differences by level of injury in the current study, and
they did not examine PS, which has been frequently
observed in the SCI literature as an impaired
domain.67 Similarly, neither Wilmot and colleagues3

nor Tun and colleagues68 assessed PS or list learning,
the tests on which those with paraplegia and tetraplegia
differed in our sample. The current study is most com-
parable in approach to work conducted by Macciocchi
and colleagues.69 While this group utilized a similar neu-
ropsychological assessment, they did not report differ-
ences in cognitive profile by level of injury; however,
the participants were within 1-year of injury (on
average one month post-injury), which differed from
our chronically injured cohort (on average 10 years
post-injury). This difference in time post-SCI may have
implications regarding the pattern and trajectory of cog-
nitive deficits post-injury.
Due to differences in the anatomic level of injury to

the autonomic nervous system, systemic and cerebral
hemodynamic responses during testing may explain, in
part, the differences noted in cognitive profiles
between individuals with tetraplegia and paraplegia.
Anatomic differences in the level of injury to the auto-
nomic nervous system results in an inability to ade-
quately regulate systemic blood pressure or cerebral
blood flow during testing, which may account for differ-
ences in cognitive performance between individuals with
paraplegia compared to tetraplegia. That is, we and
others have noted associations between performance
on tasks of memory and PS and changes in blood

Table 2 Neuropsychological test performance by group.

Tetraplegia Paraplegia HC F Value
Performance Validity

WAIS-III Reliable Digit Span Score 9.77 (2.01) 9.36 (2.02) 9.67 (1.86) 0.34, ns
Learning & Memory
CVLT Total Recall across 5 trials (T) 46.65 (14.10) 45.24 (8.90) 53.93 (11.98) 2.90, P = 0.06
CVLT SDFR (z) –0.18 (1.02) –0.76 (1.15) 0.3 (1.01) 5.76, P = 0.004
CVLT LDFR (z) –0.48 (1.3) –0.62 (1.09) 0.1 (1.11) 2.06, ns
Working Memory / Processing Speed
Digit Span ss 9.30 (2.83) 9.14 (2.72) 9.9 (2.35) 0.30, ns
Letter Number Sequencing ss 9.68 (2.57) 9.52 (3.20) 9.67 (1.58) 0.01, ns
SDMT z score –1.52 (0.77) –1.04 (1.19) –0.59 (1.11) 5.18, P = 0.008
PASAT Total –0.87 (1.02) –1.14 (1.09) –0.36 (0.85) 1.99, ns
Executive Control
Letter Fluency 9.63 (2.61) 8.83 (3.23) 11.87 (3.12) 3.85, P = 0.03
Category Fluency 9.17 (3.62) 9.45 (3.43) 11.67 (3.26) 1.53, ns
Stroop–Color Naming 8.60 (3.04) 9.07 (2.32) 9.17 (2.31) 0.94, ns
Stroop-Word Reading 9.13 (2.47) 9.21 (3.11) 10.43 (2.0) 1.78, ns
Stroop Inhibition 9.80 (3.21) 9.43 (4.07) 10.93 (1.86) 0.96, ns

*Peach shading denotes pairwise significant difference between shaded groups; significant differences are noted in SCI group
(paraplegia, tetraplegia) vs HC; no significant differences were noted between the 2 SCI groups directly. F value is reported for omnibus
statistical test.

Figure 2 Performance on the SDMT by group (z-scores); P =
.008.

Figure 3 Performance on letter fluency by group (scaled
scores); P = .03.
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pressure and cerebral blood flow velocity in individuals
with tetraplegia due to persistent and episodic hypoten-
sion.11,23,30 Whereas, individuals with paraplegia are not
generally hypotensive, we previously reported increases
in the cerebral vascular resistance index associated
with poorer performance during a task of attention
and cognitive flexibility, suggesting differential cardio-
vascular risk factors between those with upper level
and lower level injuries.39,70 Additionally, improved cog-
nitive performance has been noted in patients with
Parkinson’s disease71 and in otherwise healthy but
sedentary controls72 following endurance training
designed to improve cardiovascular outcomes.
Therefore, these cognitive deficits may be improved
with relatively minimal physical activity in persons
with SCI, regardless of level of injury. Because the etiol-
ogy of cognitive deficits in persons with SCI remains
elusive and likely multifactorial, understanding patterns
of deficits by level of injury will provide insight regard-
ing the underpinnings and will help guide clinical
interventions.
Other approaches to quantify brain activity have

shown corroborating findings by injury level.
Lazzaro and colleagues43 examined abnormalities in
ERPs by level of injury, and reported slowed response
time in individuals with tetraplegia compared para-
plegia; false-negative errors were also significantly
more common in the tetraplegia group. Imaging
studies have further shown distinctly different patterns
of brain function between those with paraplegia and
tetraplegia. Increased alteration in activation of sen-
sorimotor and subcortical networks with higher
levels of injury have been noted in positron emission
tomography studies,44,45 while Karunakaran46 and
colleagues showed a significant difference in grey
matter volume (GMV) by injury level, with higher-
level cord injuries presenting with reduced GMV
levels.46 The impact of these alterations in brain struc-
ture and function on cognition is an important future
direction.
We administered 3 tasks of executive functioning and

individuals with SCI, regardless of level of injury, per-
formed more poorly on the letter fluency test, but
neither group demonstrated impaired function on cat-
egory fluency or color-word inhibition relative to HC.
Importantly, category fluency relies less on frontal-stria-
tal circuitry (i.e. executive processes) and more on
medial temporal circuitry,73,74 while the color-word
inhibition task measures inhibition specifically, with
less dependence on the speed component. Thus, this
pattern of deficit in executive function suggests that
persons with SCI, regardless of the level of injury,

have difficulty on tasks requiring the contribution of
multiple cognitive domains for successful completion
(e.g. speed, working memory, executive control). This
is a hypothesis that has yet to be addressed due to limit-
ations inherent in the neuropsychological tests currently
available. That is, there is only a limited pool of neurop-
sychological measures that allow for motor-free admin-
istration. Future work should develop motor-free
neuropsychological measures to examine the assessment
of each cognitive domain more comprehensively in the
SCI population.
The current study is not without its limitations. First

is the general lack of motor-free neuropsychological
assessment measures, which substantially limits the
measures available for administration to persons with
SCI as well as the conclusions that can be drawn.
Research should focus on the development of motor-
free measures of multiple cognitive domains to enable
complete neuropsychological assessment in persons
with upper extremity motor limitations. We also
limited our assessment to cognitive domains in which
we anticipated the greatest likelihood of deficit (cf.
visuospatial ability), and therefore did not evaluate
the full gamut of neuropsychological functions.
Furthermore, our decision to exclude individuals with
comorbid or prior history of TBI may reduce general-
ization to the broader SCI population. Relatedly, we
were unable to comprehensively assess the full range
of comorbid conditions that may have impacted our
findings (e.g. sleep apnea); future research should
explore the relationship of these conditions as potential
underlying mechanisms for cognitive deficits at differ-
ent injury levels. In addition, the sample size in the
current research study was smaller than ideal. A
larger sample size would have increased power so
that all potential confounding factors could have
been included in each model (e.g. medications).
Replication of this work with larger samples is
warranted.

Conclusion
Despite these limitations, findings of the current study
have important implications. It is essential that SCI be
recognized as a neurological injury that can adversely
impact cognition. Screening for such deficits and sub-
sequent treatment, if appropriate, is necessary to maxi-
mize quality of life and facilitate full participation in
society. Further research is necessary to identify the
source of these deficits in an effort to effectively treat
cognitive limitations and maximize functional
independence.
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