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Sum.m.ary 

According to a number of studies, between 40"0 and 60% of acute traumatic spinal 

cord injury (SCI) patients demonstrate cognitive dysfunction resulting from various 

forms of cerebral damage, including concurrent or premorbid closed head injury, 

chronic alcohol or substance abuse, and other causes. However, applicability of 

findings from these reports has been limited due to the use of inadequate neuro

psychological testing techniques and the lack of control data. In a collaborative in

vestigation, 81 acute SCI patients and 61 non-injured control subjects between 18 
and 55 years of age completed a comprehensive motor-free neuropsychological test 

battery, including: Halstead Category Test (HCn, Vocabulary Subtest 

(VOCAB) of the Wechsler Adult Intelligence Scale - Revised; Mental Control 

(MC) Subtest, and Initial and Recall trials of Logical Memory (LM) and Paired 

Associates (PA) Subtests of the Wechsler Memory Scale; and the 8 trials of the 

Rey Auditory Verbal Learning Test (RA VL n. Percentages of retained informa

tion on the LM and P A were also calculated. Impairment levels for each test were 

defined as values which exceeded two standard deviations (one-tailed) from the 

control mean. Based on this definition, the prevalence of neuropsychological abnor

mality on each test ranged between 10'io and 40%. Mean performance levels of 

patients were significantly more impaired than those of control subjects for all tests 
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except for the Interference trial of the RA VL T and for the percentages of retained 

information on the LM and PA subtests. Comparison of test results of SCI patients 

with those of control subjects demonstrates that poor attention span and limited 

initial learning ability are frequent problems among SCI patients. Other common 

neuropsychological deficits among these patients include poor concentration ability, 

impaired memory function, and altered problem solving ability. These deficits may 

interfere with rehabilitation following SCI. 

Key words: Spinal cord injury; Neuropsychological deficits; Closed head injury; 

Rehabilitation. 

Between 40% and 60% of patients with acute spinal cord injury (SCI) dem
onstrate various types of cognitive deficits (Schueneman and Morris, 1982; 
Davidoff et al., 1985a; Wilmot et al., 1985; Morris et al., 1986; Davidoff et al., 

1987; Richards et al., 1988). These disorders may include poor attention and 
concentration, disturbed memory and learning, impaired visuospatial percep

tion, and decreased problem-solving ability, all of which present barriers to full 
and optimal rehabilitation after spinal cord trauma. 

Factors which may contribute to the occurrence of cognitive dysfunction 

among patients with traumatic myelopathy include concurrent or premorbid 
traumatic brain injury (Silver et al., 1980-81; Schueneman and Morris, 1982; 
Dubo and Delaney, 1984; Wagner et al., 1984; Davidoff et al., 1985a; Wilmot 
et al., 1985; Davidoff et al., 1985b; Morris et al., 1986; Davidoff et al., 1987; 
Richards et al., 1988), chronic alcohol or substance abuse (Heinemann et al., 

1988), premorbid learning disability, use of psychoactive medication, or motiva
tional problems. Although some of the effects of these disorders may be transi

ent (Richards et al. 1988), many of the problems in understanding and mental 
processing may persist during or beyond the first few months following injury. 

Recognition of the presence and nature of these deficits during this initial 
phase of the post-injury course of recovery is important because this is the time 
period during which maximal rehabilitation takes place. Rehabilitation of the 
SCI patient is an intensive process that includes training in personal care, 
mobility, and community skills and the facilitation of physical and psychosocial 
adaptation to the disability; any impediment to learning and adjustment that 
these cognitive problems may pose might compromise the achievement of op
timal rehabilitation outcomes. 

A number of prospective and retrospective studies have examined the prob
lem of cognitive dysfunction in SCI patients from a variety of perspectives. 
Early studies (Silver et al., 1980-81; Schueneman and Morris, 1982; Dubo and 
Delaney, 1984; Wagner et al., 1984; Davidoff et al., 1985a; Wilmot, 1985) 
focused on the coincidence of closed head injury with SCI. However, more 
recent reports (Wilmot et al., 1985; Davidoff et al., 1985b) have underscored 
the potential impact of other causes of cognitive dysfunction, thereby broaden
ing the scope of investigations to include neuropsychological deficits resulting 
from a variety of aetiologies. Regardless of the cause, the end result of these 
insults to the brain are potentially deleterious to the rehabilitation process, and 

possibly are remediable if recognised early. These problems often can be identi
fied and their severity assessed by the use of neuropsychological evaluations. 
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Several investigators have reported the magnitude and nature of neuro
psychological test abnormalities among SCI patients using a broad range of 
assessments of cognitive function (Wilmot et al., 1985; Davidoff et al., 1985b; 
Richards et al., 1988). Unfortunately, applicability of the findings from many of 
these studies has been hampered by at least two major methodological flaws: 

the administration of neuropsychological tests which are limited in scope and 
sensitivity, and the failure to compare the frequency and severity of cognitive 

impairment among SCI patients with those of concurrent control subjects. 

The present investigation was a collaborative study which was designed to: 

1. Determine the nature, pattern, and extent of cognitive deficits in a group 
of acute SCI patients, using a comprehensive battery of reliable and vali

dated neuropsychological assessments to study a broad range of cognitive 
functions. 

2. Compare these findings with those seen in a concurrent control group 
matched for age, gender, educational level, and geographic location. 

Methods 

Patients 

The study sample consisted of individuals aged 18 to 55 years, admitted for 
initial care and rehabilitation following an acute traumatic SCI to one of two 
regional model spinal cord injury care programmes. The patients were studied 
at the University of Michigan Medical Center Acute Interdisciplinary Spinal 
Cord Injury Programme, Ann Arbor, Michigan and the South Eastern Mich
igan Spinal Cord Injury System, Rehabilitation Institute, Detroit, Michigan. 

All patients had completed a high school education or its equivalent (GED). 

Patients with a recent history (less than 6 months prior to SCI) of mild closed 

head injury (CHI) (defined by Rimel et al., 1981), and patients who had any 

history of moderate or severe CHI (Rimel et al., 1982), were excluded from the 
study in order to avoid the potential confounding effects of these factors on the 
findings. Informed consent was obtained from all patients, and the study proto
col was approved by the Institutional Review Board at each study site. 

Control subjects 

The control group consisted of paid volunteers at each study site. Controls 

were chosen to match as closely as possible the SCI patient group means or 

frequency distributions for age, gender, educational level and geographic loca
tion since these factors have been reported to influence neuropsychological test 
performance (Prigatano and Parsons, 1976; McGlone, 1978; Lezak, 1983; Born

stein and Matazzaro, 1985; Levin et al., 1987; Sundet 1988). Controls with any 

history of CHI or recent high frequency alcohol or substance abuse were ex
cluded from this investigation. The control group was generated in such a way 

so as to optimise the likelihood of obtaining favourable test results, as a means 
of having an ideal measure against which scores of spinal cord injured patients 

could be compared. All control subjects provided informed written consent. 
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Procedure 

Demographic and injury characteristics. Demographic information, in
cluding age, gender, and years of education, was collected from each patient 
and control subject. Each patient was questioned regarding a history of high 
frequency alcohol and/or substance abuse (Heinemann et at., 1988). Occurrence 
of acute closed head injury, defined by any interval of post-traumatic amnesia 

(Levin et at., 1979; Davidoff et at., 1988) at the time of SCI, was recorded. 
Information concerning alcohol and/or substance abuse and CHI was elicited 
from patients because of the impact which these factors may have on cognitive 

performance (Russell, 1932; Russell and Nathan, 1946; Russell and Smith, 
1961; Steadman and Graham, 1970; Russell, 1971; Brooks, 1972; Grant et at., 

1984; Hillbom and Holm, 1986). Level and aetiology of SCI also were docu
mented for each patient. 

Neuropsychological assessment. A comprehensive motor-free battery of 

neuropsychological assessments that were considered reliable and reproducible 
measures of attention, concentration, memory, abstract reasoning, and 

problem-solving ability was given to all patients and control subjects. The SCI 
patient group presented unique challenges in the design of the neuropsy

chological test battery. Unlike most studies of cognitive impairment, it was not 
feasible to rely on paper and pencil neuropsychological tests due to the loss of 
integrity of upper extremity motor and sensory function in many of the patients 
in this study. Additionally, the test protocol required adequate flexibility in its 
administration in order to allow patients the opportunity to perform pressure 
relief activities, bladder and bowel care, and positional adjustments. These fac
tors necessitated the use of a motor-free battery with administration of testing 
over several brief sessions. The total time required to complete the battery 

employed in this investigation was less than 3 hours for the co-operative, moti

vated patient. The test battery was administered an average (± standard error) 
of 71·5 ± 3·5 days (range 23-177 days) post-injury, and included: 

1. Halstead Category Test, Booklet Form (HCT) (Reitan, 1979). 
2. Vocabulary Subtest of the Wechsler Adult Intelligence Scale-Revised 

(VOCAB) (Lezak, 1983). 
3. Mental Control Subtest (MC) of the Wechsler Memory Scale (WMS) 

(Wechsler, 1945). 

4. Logical Memory (LM) and Paired Associates (PA) Subtests of the WMS

Russell Adaptation, each with Initial (IN IT) and 30-minute Recall 
(RECALL) trials (Wechsler, 1945; Russell, 1975). 

5. Rey Auditory Verbal Learning Test (RA VL T) (Lezak, 1983). 

Each test was selected for a specific reason. 
The HCT was chosen because it reliably evaluates deficits in attention, con

centration, visual problem-solving ability, abstract reasoning, ability to make 
constructive use of feedback (DeWolfe et at., 1971; Lansdell and Donnelly, 
1977; Boll, 1981; Pendleton and Heaton, 1982; Lynch, 1983), and ability to 

adapt to new situations (Rothke, 1986). The HCT has been reported to be 

nearly as sensitive an indicator of cognitive dysfunction as all of the other tests 
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in the Halstead-Reitan Neuropsychological Battery combined (Reitan, 1955; 
Fitzhugh et al., 1961; Shaw, 1966). The Booklet Form of the HCT is less 
cumbersome to administer than the standard format, and has similar levels of 

reliability and validity (Defillipis, 1979; Kimura, 1981). 

The VOCAB was given to assess verbal and general mental ability (Lezak, 
1983). The MC tests automatic and simple conceptual tracking (Lezak, 1983). 

The LM evaluates immediate recall of verbal ideas from two written paragraphs 

(Lezak, 1983). The PA tests verbal retention from associated and non-associated 
word pairs (Lezak, 1983). The 30-minute Recall trials of the LM and PA Sub

tests of the WMS provide assessments of long-term verbal and non-verbal stor

age capacity (Russell, 1975). Per cent retention of stored information was calcu
lated for the LM (PCT-LM) and PA (PCT-PA) by: 

Score, recall trial 
(x 100) 

Score, initial trial 

The RA VL T was given to measure immediate memory span and retention 
following an interpolated activity (Lezak, 1983). This test has 8 trials (I, II, 

III, IV, V, Interference (B), VI, and Recognition). 

Data analysis 

Descriptive statistics were used to characterise the sample. Age and number of 
years of education were compared between patients and controls using Student's 
t-test; gender and geographic distribution were compared with Chi-square an

alysis. 
Values for the mean and standard error for each of the neuropsychological 

assessments were obtained from SCI patients and control subjects, and 

compared using Student's t-test. 

In a separate analysis, frequencies of neuropsychological abnormality were 
determined. First, values for the mean and standard deviation were obtained 

from scores among control subjects for each of the tests. Then, a level of 'impair

ment' was calculated for each test based on a score that exceeded the limit for 
'normal' performance, defined as two standard deviations (one-tailed) from the 
control mean. Based on this criterion, the prevalence (percentange) of patients 

with impaired test performance on each of the neuropsychological tests was 
determined for patients and for control subjects. A one-tailed analysis was con
ducted because the focus of the study was on a comparison of the proportions 

of patients with inferior or impaired performance only. 

Results 

Sample description 

Characteristics of the 81 SCI patients and 61 control subjects are shown in 

Table I, which also demonstrates that there were no significant differences 
between patient and control groups with respect to age, gender, educational 
level, or geographic location. Thirty five of the spinal cord injuries were at the 

cervical level, 34 were at the thoracic level, and 12 were at the lumbosacral 
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Table I Demographic characteristics 

Sample size 
Age (years, mean ± 1 se) 
Gender: male 

female 
Education (years, mean ± 1 se) 
Geographic location: Detroit 

Ann Arbor 

Controls 

61 
27·5 ± 1·0 
45 (74%) 
16 (26%) 

12·8 ± 0·2 
39 (64%) 
22 (36%) 

Patients 

81 
29·7 ± 1·0 
64 (79%) 
17 (21%) 

13·1 ± 0·2 
39 (48%) 
42 (52�o) 

Table II Neuropsychological test scores for patients and controls 

Test Controls Patients 

HCT 45·0 ± 3·4 57·3 ± 3·4 
VOCAB 49·5 ± 1·3 41·9 ± 1·5 
MC 7·9 ± 0·2 7·1 ± 0·2 
LM-INIT 11·2 ± 0·4 9·6 ± 0·4 
LM-RECALL 6·1 ± 0·1 5·0 ± 0·2 
PCT-LM 84-4± 1·5 81·6 ± 3·0 
PA-INIT 11·1 ± 0·3 9·6 ± 0·3 
PA-RECALL 6·1 ± 0·1 5·0 ± 0·2 
PCT-PA 55·2 ± 1·2 53·7 ± 1·4 
RAVLT-I 7·4 ± 0·2 6·6 ± 0·2 
RAVLT-II 10·4 ± 0·3 9·0 ± 0·3 
RAVLT-III 11·9 ± 0·3 10·5 ± 0·3 
RAVLT-IV 12·8 + 0·2 11·6 ± 0·3 
RAVLT-V 13·7 ± 0·2 12·3 ± 0·3 
RAVLT-B 6·7 ± 0·3 6·5 ± 0·9 
RAVLT-VI 12·4 ± 0·3 10·7 ± 0·3 
REY-RECOG 14·0 ± 0·2 13·0 ± 0·3 

All values for test scores given as mean ± standard error 

Statistic 

t(140) = 1'58; p = NS 
X'(I) = 0'54; p = NS 
t(140) = 1'14;p = NS 
X'(1) = 3·50; p = NS 

Statistic 

t(132) = - 2.51; P < 0·01 
t(134) = 4'20; p < 0·005 
t(139) = 2'70; P < 0·005 
t(139) = 2'77; p < 0·005 
t(130) = 4'73; p < 0·005 
t(122) = 0'85; p = NS 
t(135) = 3'42; p < 0·005 
t(130) = 4'73; P < 0·005 
t(130) = 0·79; p = NS 
t(137) = 2'20; P < 0·01 
t(138) = 3·28; p < 0·005 
t(138) = 3'77; p < 0·005 
t(137) = 3'19; p < 0·005 
t(137) = 4'01; p < 0·005 
t(137) = 0'19;p = NS 
t(136) = 3·94; P < 0·005 
t(132) = 3'07; p < 0·005 

level. Injuries were caused by road traffic addidents (n = 42), gunshot wounds 
(n = 11), other assaults (n = 16), falls (n = 7), sporting incidents (n = 3) and 
other causes (n = 2). Twenty six patients (32%) had a recent history of high 
frequency alcohol and/or substance abuse. Acute concurrent closed head injury, 
as defined by any interval of post-traumatic amnesia (PTA) at the time of SCI, 
occurred in 35 patients (44% ). Of these patients, 20 had PTA for less than 1 
hour, 9 had PTA for 1 to 24 hours, 3 had PTA between 1 day and 1 week, and 
3 had more than 1 week of PT A. 

Neuropsychological test results 

The means and one standard error confidence intervals of scores on each neuro
psychological assessment are shown in Table II. Performance levels of SCI 
patients were significantly more impaired than those of control subjects for the 
HCT, VOCAB, MC, LM-INIT, LM-RECALL, PA-INIT, PA-RECALL, 
RAVLT-I, RAVLT-II, RAVLT-III, RAVLT-IV, RAVLT-V, RAVLT-VI, 
and REY-RECOG. The PCT-LM, PCT-PA, and RAVLT-Interference trial 
(RA VL T -B) were the only tests on which no statistically significant differences 
were detected between scores of SCI patients and those of control subjects. 

The prevalance of abnormal neuropsychological test performance for each of 

the assessments is shown for SCI patients and controls in the Figure. Impaired 
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performance was noted most frequently on the PA-RECALL (40%), REY
RECOG (31 %), and VOCAB (24% ), and least frequently on the RAVL T-B 

(10% ) and HCT (12')0)' 

Discussion 

Rehabilitation after SCI involves the acquisition of new skills and knowledge 
(Bleiberg and Merbitz, 1983). This process requires the ability to attend to, 
concentrate on, understand, process, retain, retrieve, integrate, and utilise in
formation. Achievement of the goals of rehabilitation, which include maximal 
independence in self-care and mobility skill performance, prevention of medical 

complications, optimal emotional adjustment to the disability, and complete 
reintegration into the community after hospitalisation, may be adversely 
affected by inability to learn or effectively apply the knowledge and skills which 
are taught during inpatient rehabilitation. 

In this context, it is significant that the prevalence of neuropsychological 
abnormality on the tests ranged between 10% and 40% . It also is important to 
note that patients demonstrated substantially more impaired performance than 
did control subjects on most of the measures, despite similarities in age, gender, 
educational level, and geographic location. This may have been related, in part, 

to the high frequencies of acute CHI (44°1,)) and alcohol or substance abuse 
(32% ) among SCI patients. Similar prevalences for CHI (Silver et ai., 1980; 

Schueneman and Morris, 1982; Dubo and Delaney, 1984; Wgner et ai., 1984; 
Davidoff et ai., 1985) and alcohol abuse (Heinemann et ai., 1988) have been 
reported previously. It was not within the scope of the present investigation to 
examine specifically the potential influence of such factors as age, gender, educa

tion, level of injury, presence of closed head injury, depression, or alcohol/ 
substance abuse on neuropsychological performance. However, the impact of 
many of these factors on cognitive functioning is well known (Russell, 1932; 

Russell and Nathan, 1946; Russell and Smith, 1961; Steadman and Graham, 
1970; Russell, 1971; Brooks, 1972; Grant et ai., 1984; Hillbom and Holm, 1986). 
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Other studies on the co-existence of cognitive dysfunction in SCI patients 

have yielded results which are similar to those found in the present investiga
tion. Wilmot and associates (1985) noted a prevalence rate of cognitive impair
ment of 64°/c) in a study of 67 SCI patients at 'high risk' for head trauma, based 

on the presence of any one of four inclusionary criteria (tetraplegia associated 
with deceleration impact, history of documented loss of consciousness, presence 
of neurological indicators, or need for respiratory support), using a battery of 
11  tests. Richards et al. ( 1988) recently reported that some of the cognitive 

deficits that were found on a standard neuropsychological test battery shortly 
after onset of SCI persisted for nearly 1 years following injury while patients 

recovered from other deficits. In particular, certain measures of attention, vocab
ulary, and memory improved over time. 

Davidoff et al. (1985) administered the Halstead Category Test between 8 

and 12 weeks after injury to 30 consecutive acute SCI patients and found that 
57% demonstrated impaired performance, defined as greater than or equal to 
51 errors. SCI patients with a concurrent or pre-morbid CHI were slightly 

more likely to have abnormal scores than were SCI patients without a history 

of CH!. 
Although these reports have provided the basis for the more comprehensive 

assessment conducted in the present investigation, a major design flaw in all of 
the studies to date has been a lack of concurrent controls matched for sociodemo
graphic factors. It is extremely important to consider these factors, including 
age, gender, education, and geographic location, as they have been found to 
influence neuropsychological performance (Prigatano and Parsons, 1976; Lezak, 
1983; Levin et al., 1987). The present study was designed to address the issue 
of comparison with controls. 

The tests which were used in the research protocol were selected to reflect a 

broad range of cognitive abilities, including attention, concentration, verbal 
short term memory storage and retrieval, problem-solving, and abstract reason

ing. The patients showed relatively high rates of abnormality in most of these 
areas, suggesting diffuse impairment in cognitive functioning. However, concen
tration and initial learning (e.g. MC, LM-INIT, PA-INIT, RAVLT I-VI, 
REY -RECOG) appeared to have been particularly impaired, while the relative 
amount of verbal and non-verbal material retained at 30-minute recall was pre
served (PCT-LM, PCT-RA). As previously reported (Davidoff et al., 1985; 
Richards et al., 1988), HCT performance was severely impaired, indicative of 
compromise of the ability to adapt to new situations and to shift to new mental 

sets. The depressed VOCAB performance among the patients, given that many 

of the sociodemographic factors were controlled for, may represent difficulties 
experienced with word retrieval and syntactic use. A common style of learning, 
and therefore an optimal strategy for training, may be suggested by these data. 

The findings of this study have major implications for the design and imple
mentation of SCI rehabilitation programmes. Accurate descriptions of specific 
neuropsychological deficits in individual patients provides the opportunity for 
modification of each patient's treatment programme and directs the therapeutic 
approach. For example, a patient with impaired verbal retention may learn 
better by using a graphic representation of a functional task. The observation 

in this study that initial adaptation and learning is impaired but that retention 
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of information committed to long term memory is relatively preserved suggests 

that patients may perform their skills better if the tasks are 'overlearned' or 
practiced repeatedly. Therapeutic modifications such as these might assist clini
cians in developing appropriate and effective teaching strategies which better 
focus the rehabilitation efforts toward addressing specific patient needs, thereby 

enhancing the likelihood of achieving favourable rehabilitation outcomes. 
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