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ABSTRACT

Dikmen, Machamer, Winn, and Temkin (1995) administered the Halstead-Reitan Battery (HRB) to & sample
of TBI patients. Similar patients were obtained from the second author (JEM) for two main purposes. First.
we wished to determine if there is a dose-response relationship between TBI severity and residual cognitive
deficil. Second, are Dikmen et al. results generalizable to other TBI samples? Analyses of the Meyers sample
replicated the analyses of Dikmen sample. A significant dose-response relationship between loss of
consciousness (LOC) and cognitive impairment was found using effect sizes for the Dikmen sample, as well
as using regression-based normative T scores for the Meyers sample. The two methods were highly
correlated with one another. Using mean scores for the six LOC-severity groups and the two samples resulied
in a correlation coefficient r=.97. p < .0001. Results are presented for clinicians to use when assessing

individual patients.

In a recent study, Dikmen, Machamer, Winn, and
Temkin (1995) administered the Halstead-Reitan
Battery (HRB: Reitan & Wolfson, 1993), as well as
supplemental tests of memory, to traumatic brain
injured (TBI) patients to assess their residual
cognitive deficits, They examined 436 adult TBI
patients, which they separated into six groups
based on their severity of injury defined by patients’
time to follow commands after the injury (TFC;
e.g., raise your hand, stick out your tongue)
Dikmen et al. (1995) found several associations
between TFC and test scores, such that patients
who had longer TFCs performed more poorly on
their test battery than did patients with shorter
TFCs. Dikmen et al. presented “expected” degrees
of impairment on the each of 20 dependent
variables, as well as on the Halstead Impairment
Index (HII; Reitan & Wolfson, 1993). As aresult, a

patient with a specific TFC could be compared to
a group of similar patients to determine whether
his or her test scores were within the range of
expectation. Dikmen et al. used the HII summary
score to explore the influence of TFC, Glasgow
Coma Scale (GCS), neurosurgical interventions,
non-reactive pupils, and complications during
hospitalization.

As Larrabee (1990) suggested, clinical history
and background information from the medical
record on initial injury severity can be used to
estimate the expected range of scores for a parti-
cular level of severity. The particular patient’s
level of performance and pattern of performance
must make “neuropsychological sense.” This is
one of the primary benefits of Dikmen et al’s
(1995) findings for clinicians involved in forensic
cases. Once a clinician has ruled out complications

Address correspondence to: Martin L. Rohling, Department of Psychology, University of South Alabama, 381
LSCB. Mobile. AL 36688, USA. Tel.: +1-251-460-7675. E-mail: mrohling @usouthal.edu

Accepted for publication: July 7, 2003.



290 MARTIN |

ROHLING ET Al

(i.e., cortical laceration by in-driven bone frag-
ments, posttraumatic  seizure disorder, and/or
late onset hydrocephalus), a particular patient’s
set of scores can bhe compared to a normative
group of similarly injured patients. If the scares
obtained are far below expectation, there is reason
to be suspicious of symptom exaggeration. For
example, a patient who obtained a HII of (.80 and
whose TFC was less than 1 hr falls below the 10th
percentile for patients with similar TFCs. Further-
more, this poor of a performance is near the
mean for patients who have TFCs of 14-28 days
(median =10.72). A score this low, after a milder
injury. is thus unlikely. This may indicate that the
patient did not perform to the best of his or her
ability. If financial incentives or other types of
secondary gain could be identified in such a case,
malingering should be considered as an alterna-
tive or additional explanation for this patient’s
poor performance.

To our knowledge, only one independent group
of researchers has replicated the findings of
Dikmen et al. (1995), Volbrecht, Meyers. and
Kaster-Bundgaard (2000) used much of the
same methodology as Dikmen et al. However,
their primary purpose was to establish the validity
of the Meyers Short Battery (MSB), not to repli-
cate Dikmen et al.’s results. Furthermore, neither
research group’s findings are as frequenily used
by clinicians as they might be. For one. Dikmen
et al.’s outcomes were generated using a battery of
tests that are less commonly used in clinical
practice as they once were (e.g,, HRB, WAIS, &
Buschke Selective Reminding Test; Sweet,
Moberg, & Suchy, 2000), Second, because only
10% of the dependent variables for the two
studies overlapped, Volbrecht et al. (2000) did
not try to relate their resulis quantitatively to those
of Dikmen et al. (1995). Such an analysis may
have substantiated the associations between the
severily of injury and degree of residual cognitive
impairment between these two samples and test
batteries.

Generating expected impairments on the HRB
is most useful for the clinician who routinely
administers the HRB. However, several recent
practice surveys have found that the majority
of neuropsychologists no longer use the HRB
(Milberg, Hebben, & Kaplan, 1986: Sweet et al..

2000). Alternative batteries 1o the HRB have been
praised for their individualized focus, psycho-
metric ease, time efficiency. and utilization of
advances in cognitive neuroscience (e.g.. Lundin
& DeFilippis. 1998). However, they have also
been criticized both within the profession and in
legal contexts (Hartlage. 2001: Reitan & Wolfson,
2001) for several reasons. First, these batteries do
not yield a standard measure of impairment simi-
lar to what exists for the HRB. Second, results
obtained with different combinations of tests are
not easy to compare to empirically derived nor-
mative data, such as that which exists for the HRB
(Heaton, Grant. & Matthews, 1991: Reitan &
Wolfson, 1999; Russell, Neuringer. Goldstein,
1970). Finally. without global indices of perfor-
mance and norm-referenced comparisons. test
scores from alternative batteries for TBI patients
are difficult to compare to the data in Dikmen
et al’s (1995) study. Therefore, the majority of
clinicians are unable to determine whether
the impairments obtained from a particular
patient are consistent with the patient’s medical
history, as found by Dikmen et al. It is precisely
this information that for clinical
diagnosis,

Recently, Rohling and colleagues have gen-
erated a strategy for deriving a global index
from a more flexible patient battery (see. e.g.,
Miller & Rohling. 1998, 2001; Rohling & Miller.
1998: Rohling. Langhinrichsen-Rohling. & Miller,
2003). Specifically Rohling’s Interpretive Method
{RIM) was generated to respond to the recom-
mendations of Wedding and Faust (1989) 1o
improve upon the diagnostic judgments of neu-
ropsychologists, particularly those who use flex-
ible batteries. Furthermore, the RIM allows for
the summarization of test data such that compar-
ison can be more easily made to published
comparison groups. The RIM is based on the
principles of meta-analysis and is in keeping
with the procedures articulated by Faith. Allison.
and Gorman (1996). Miller and Rohling (2001)
suggested that the linear combination of scores
they recommend 1s supported by the research of
Dawes and Corrigan (1974). Furthermore, it fol-
lows a model presented by Kiernan and Matthews
(1976) and 1s similar to the methods used by
Heaton et al. (2001) in their examination of the

is essential
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stability and reliability of neuropsychological test
scores in' schizophrenia. Rohling and colleagues
have claimed that their summary indices per-
form as well as or better than the HIL, AIR, and
the GNDS (Miller & Rohling, 2001; Rohling,
Langhinrichsen-Rohling, & Miller, 2003; Rohling.
Williamson, Miller, & Adams, in press). In the
current study. it is proposed that these summary
indices could be used to replicate the Dikmen
et al. (1995) results using data generated from an
alternative battery of more commonly used clinical
instruments.

Specifically. these guestions were addressed.
First. is there a relationship between the time a
patient has remained unconsciousness (i.e.. loss of
consciousness or LOC) and his or her residual
cognitive deficits? Second. if a dose-response
relationship exists. can the group statistics be
summanzed such that clinicians can better use
these research findings to make better assessment
decisions; increasing the accuracy of diagnosis
and advance treatment planning? Because we
expected to find a TBI dose-response relationship
that was evident in two samples (i.e.. Dikmen’s
and Meyers' samples), we wanted to generate
regression lines that would provide information
to neuropsychologists as to the nature of TBI and
the process of recovery. Furthermore, regardless
of the test battery administered, clinicians may be
able t use the associations generated, and accom-
panying percentiles, to determine the probability
that a particular patient’s performance is causally
linked to a TBIL Such data would be of particular
importance in forensic settings.

Before our hypotheses can be examined, the
issue of which battery should be examined
needed to be considered. In the current study,
we initially analyzed the Meyers Short Battery
(MSB). presented in Volbrecht et al. (2000). as
a proxy for the “typical™ neuropsychological
battery often used in clinical practice. The MSB
has been described as a ‘‘core™ battery of
newer and more commonly administered neu-
ropsychological tests. In the current sample,
each patient was essentially administered a
similar battery of tests in a standardized format.
This allowed us to make comparisons across
patients and groups with greater confidence in
the results.

STUDY 1
METHOD

Participants: Dikmen Sample

Participants are well-described in Dikmen et al. (1995).
Bricfly. the sample was generated from a Level 1
Trauma Center and included 436 consecutive admis-
sions of adult TBI patients. Patients were recruited at
the time of their injury into one of three on-going
studies (i.e., Behavioral Outcome Swudy, Patiemt
Characteristics Study, and the Dilantin Prophylaxis
Study). A weighting procedure was used to adjust for
differences in the proportions of participants who were
included from each of these three studies, Patients” age
mean age was 28.9 (S0 = 12.5), with an average of 12.0
years of education (30 = 2.3). Seventy-two percenl of
the sample was male. A trauma control (TC) group was
also included. This sample’s mean age was 31.2
(5D = 12.5), with an average of 12.0 years of education
(S0 =2.6). Seventy percent of the TC group was male.
There were no significant differences between the TBI
sample and the Trauma Control (TC) group on any of
the demographic variables.

Acute Indices of Severity for Dikmen

Sample (Independent Variables)

Patients were assigned to one of six severily groups
based on their time to follow commands (TFC). This
was defined as the highest score on the motor portion of
the Glasgow Coma Scale (GCS). Furthermore, follow-
ing patients’ presentation to the emergency roon, each
had to be admitted to the hospital. The six severity
groups were defined as follows. Group 1's TFC was less
than 1 hr. Group 2's TFC was greater than or equal to
I hr but less than 1 day. Group 3 consisted of patients
with TFCs that were greater than or equal to | day but
less than 7 days. Group 4 consisted of patients with
TFCs that were greater than or equal 1o 7 days but less
than 14 days, Group 5 included patients with TFCS that
were greater than or equal to 14 days. but less than or
equal to 28 days. Finally, Group 6 included patients
with TFCs that were greater than 28 days. Dikmen et al.
included a control group that consisted of patients who
were also injured in an accident, but whose injuries did
not involve the head, neck. or central nervous system.
These “trauma controls™ (TC) were used to calculate
effect sizes that are described below.

Time from TBI Until Assessment:

Dikmen Sample

As required by the research protocols in which patients
were enrolled, each patient had been assessed at 1 and
12 months postinjury. Dikmen et al. (1995) noted that
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929 of the patients were assessed within [ month of
their I-year injury anniversary and 99% were assessed
within 2 months of their 1-year date. Our analyses were
focused on test scores generated from patients” [-year
assessment. The fact that each patient was assessed twice
likely differentially confounds our effect size and T score
calculations. This point was also asserted by Dikmen
et al., who were concemed that practice effects were not
likely 1o be evenly distributed across severily group, with
greater improvement in performance more likely to
occur in the least severely injured patients (p. 87). They
also noted the increase in patients scores from the |-
month 1o the I-year assessment. For example, TC
patients increased their PIQ score by § points (g = 0L.37),
their Category Test scores by 10 points (g =0.35), their
VIQ by 1.2 points (g = 0.09), and their H1l by 0.05 points
(z=0.18). Using these four dependent variables.
patients’ average practice effect was (.25 standard
deviation units, which is equivalent to 2.8 T score points.

Objective Neuropsychological Tests

for Dikmen Sample (Dependent Variables)
The test battery centered on the Halstead-Reitan
Battery (HRB), with additional measures of memory
and atiention supplementing the basic battery. Specifi-
cally. several instruments were administered to patients
and used to generate 20 dependent variables for the
analyses. Intellectual verbal and performance skills
were assessed using the Wechsler Adult Intelligence
Scale (WAIS; Wechsler, 1955). Additional performance
skills were assessed using the Tactual Performance Test
(TPT). with the dependent variable being the total time
per block variable¢ (Reitan & Wolfson, 1993). Reason-
ing ability was assessed with the Category Test (C',
with the dependent variable being total number of
errors obtained (Reitan & Wolfson, 1993). Verbal
memory measures included the Wechsler Memory
Scale (WMS: Wechsler, 1945) Logical Memory
Immediate and 30min. Delayed, and the Buschke-
Selective Reminding Test (SRT; Buschke, 1973), which
included the total pumber of items recalled (RCL). as
well as free recall at 30-min and 4-hr delays. Visual
memory was assessed using the WMS Visual Repro-
duction immediate and 30-min delay conditions.
Measures of attention. concentration, and cognitive
flexibility included the Seashore Rhythm Test (number
correct), Stroop Test Parts 1 and 2 (time to complele:
Dyer, 1973), Trail Making Test — Parts A and B (time 1o
complele), and the Finger Tapping Test (FTT: number
of 1aps for dominant and nondominant hands).

Dependent Variables for Dikmen

Sample: Effect Sizes

Similar to the methods used by Binder, Rohling, and
Larrabee (1997), an effect size was culculated using

Hedges' g. The g statistic is caleulated by dividing the
difference between the experimental and control
groups’ means by their pooled standard deviation.
When standard deviations are pooled, it generally
increases the denominator in this equation compared to
what would result if only the control group’s standard
deviation were used, In effect, this causes the effect size
estimator to be smaller than if only the control group’s
standard deviation was used. Effect sizes were used so
that each raw score mean was on a4 common metric,
facilitating the combining and contrasting of dependent
variables. Effect sizes were then linearly combined, as
has been suggested hy Dawes (1979), Dawes and
Corrigan (1974). and Hearon et al. (2001). The overall
test battery mean (OTBM-g) was calculated by
averaging all dependent variable effect sizes within a
sample.

Data Analysis

Parametric statistics were chosen for the analyses. In
particular, parametri¢c analysis of variance and linear
regression were used 1o compare severily groups and
the dependent variables. When it was considered
informative, nonparametric analyses were also con-
ducted to ensure that the most appropriate methods
were used (e.g., Pearson’s r and Spearman’s Rho).
However, when results of these two procedures were
similar in magnitude, we chose to report the results that
were more user-friendly for clinicians.

RESULTS

Comparisons of TBI Severity Groups:

Effect Sizes

Results for TBI severity from the Dikmen sample
are shown in Table | and are graphically depicted
in Figure 1. There was a significant main effect
for severity, F(5, 114)=206.1, p < .0001. The
variances for effect sizes for each severity group
were also compared statistically. There were
significant differences revealed. The two mildest
severity groups’ variances were equivalent to one
another. Both of these groups™ variances were
significantly smaller than the remaining four
severity groups. Finally. the four more severely
injured groups’ variances were not significantly
different from one another. Due to the hetero-
geneity of variance across the severity groups, the
analysis was repeated using the nonparametric
Kruskal-Wallis procedure. Results were similar,
H(5, 114)=99.3, p<.0001, with a significant
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Table 1. Injury Severity Using Effect Sizes (Hedges' g) for Dikmen’s Sample,

Severity group n Mean

SD Minimum Median Maximum

Group 1: TFC < | hr 161
Group 2: TFC = 1-23hr 100
Group 3: TFC = 1-6 days 5

Group 4: TFC = 7-13 days 3 0.68
Group 5: TFC = [4-28 days 3 ~1.33
Group 6: TFC > 28 days 5! 2.31

0.02
022

0.45

Entire sample (.82

(0.13) 0.26
(0.14) 0.47
(0.22) —().94 =42 ~0.09
(0.27) —-1.21 0.66 0.15
(0.26) 1.67 1.26 ).89
(0.41) 2.88 -2.24 —~(.85

.02 0.20
0.23 0.03

(0.80) —2.88 0.56 0.20

hrs <1 hrs 1-23

Fig. 1

omnibus test. Furthermore, comparisons amongst
the six severity groups, using both parametric and
nonparametric procedures, revealed significant
differences amongst each group.

Simple Linear Regression of Severity
Group on Effect Sizes
The effect size data were examined using simple

linear regression, with the independent variable of

injury severity, defined by group assignment (i.e..
I-6). regressed onto the effect sizes using the 20
dependent variables. The association was highly
significant,  F(1, 119)=665.1. p< 0001, with

Pearson r of —.93, which accounted for 86% of

the variance. The slope of the data was —0.276 =+

0.021 (95% CI. Again, due to the heterogeneity of

variance in effect sizes across severity groups and

day 1-6

day 7-13 day 14-28 day > 28

Effect size mean from Dikmen sample based on severity defined by TFC

the categorical nature of the independent variable,
the effect size data was also analyzed using the
nonparametric Speanman procedure. Results were
similar as with the parametric findings, with a Rho
of —0.94, Z=9.65, p < .0001.

STUDY 2
METHOD

Participants: Meyers Sample

Originally, the sample consisted of the 150 patients
whose summary statistics were published in Volbrecht
et al. (2000; see Rohling, Millis, & Meyers, 2000)
However, o better characterize the sample. the first
author (MLR) contacted the second author (JEM) to
access to the original data. Raw test scores were
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supplied for 323 consecutive patients, each of whom
had been referred for assessment. diagnosis. and
treatment planning.. Access o the raw test scores
provided us with an opportunity to statistically correct
for symptom exaggeration in this sample. Following the
recommendations of Iverson and Binder (2000); see also
Iverson & Franzen, 1996), participants with invalid data
were removed from the sample. Participants were
excluded using procedures recommended by Meyers
and Volbrecht (2003). The remaining sample of valid
cases included 291 patients. All patients were treated at
a Level I Trauma Center in the rural Midwest (Mercy
Medical Center in Sioux City, 1A). However, unlike the
Dikmen sample, not all of these patients had been
previously admitted 1o the hospital. Many were seen
weeks or months following discharge from an inpatient
unit, which may have heen months or years following
their TBI. Some patients had never been inpatients, as
they had been discharged home from the emergency

room. The mean age for the sample was 328

(SD = 14.7), with the average length of time from
TBI until referral of 2.7 years. The typical patient was
injured at the age of 30,1 years, which is similar to the
mean age of 28.9 years for the Dikmen sample. Patients
in the sample had an average of 12.0 years (S0 = 2.4) of
education. which is identical to that of the Dikmen
sample, Overall, the sample was 69% male, which is

nearly identical 1o the 70% observed in the Dikmen
sample.

The Meyers sample did not include a Trauma
Control (TC) group. However, each patient had two
estimates of premorbid intelligence. The first estimate
was based on the Barona, Reynolds, and Chastain
{1985) demographic regression equation. The second
estimate was based on patients” reading recognition
scores on the National Adult Reading Test (NART).

The mean estimated WAIS-R FSIQ using the Barona
equation- was 102, 7 (51 = 6.6) and using the NART was
97.2 (SD=8.7). The combined average of these two
estimates of premorbid general ability was 1007
(§D = 6.4).

Acute Indices of Severity for Meyers

Sample (Independent Variables)

Patients were assigned 1o one of six severity groups,
which were the same as those defined for the Dikmen
sample. However, because the Meyers sample is one of
“convenience,” the data coded were not “Time to
Follow Commands' but loss of consciousness (LOC).
This is the more commonly recorded piece of infor-
mation in patients’ medical records. Each patient’s
LOC was retrieved from his or her hospital medical
record, Table 2 presents descriptive slatistics for the
LOC, as well as for posttraumatic amnesia (PTA).
PTA was defined as the time from initial injury until
the patient could consistently recall episodic events
following the accident. As often as possible. patients’
self-report on this variable was verilied by checking the
medical record, However, for the majority of patients,
PTA could not be validated, as it was not obvious from
their medical record. As a result. there is considerable
unreliability or error in this variable

Time from TBI Until Assessment:

Meyers Sample

Because patients in this sample were referred for
clinical evaluation and management, rather than being a
participant in a research protocol, there was greater
variability in the amount of time that had passed from
injury until assessment than found for the Dikmen
sample. Refer to Table 2 for descriptive statistics

Table 2. Severity of Injury Information for the Meyers™ Sample,

Group | Group 2 Group 3

Group 4 Group 5

Group 6 All patients H

(n=138)

(n=352)

(n=47)

n=19)

n=14)

n=21)

(N=291)

LOC (davs)
Mean
Median
(SD)

PTA (days)
Mean
Median
(SD)

Mo. since TBI
Mean
Median
(5

0.01
0,01
(0.004)

39
1.0
(8.6)

13.]
4.0
(28.5)

0.17
(.09
(0.18)

9.1
5.0

(10.9)

10.7
30
(18.8)

9.0
8.0
(1.9)

36.7
28.0

(26.3) (55.1)

26.4
6.0
(66.5)

37.2
10.0
(71.1)

17.3
16.0
(3.7)

440
30.0
(34.5)

81.3
21.0
(121.4)

44.6
30.0
(21.8)

97.3
9.0
(74.0)

126.°
63.5
(136.°

2746
54
0.02
(14.4)

18.2
4.0
(40.7)

61.2
326
3.0
(79.4)

< 0001

< 0001

<0001
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regarding this variable. The influence of this time on
neuropsychological test scores is difficult to estimate,
Some patients may still have been experiencing
neurological recovery at the time of the assessment.
The data for the “time since injury until assessment”™
were positively skewed (skewness = 3.81). with a mean
of 32 months, which was far greater than the median of
3 months and the mode of 1 month. The standard
deviations for each group on this variable were large.
However, 54% of the patients were tested within the
first 3 months of their TBI, and 68% of patients were
assessed within the first 12 months of their TBL
Both parametric (Pearson’s r) and nonparametric
(Spearman’s Rhe) analyses failed to find any associa-
tion between the time from TBI until assessment and
lesl scores, s0 no patents. were excluded from the
analysis based on this measure:

Worth noting is that the majority of patients who were
tested within three months of injury had been assighed o
the two mildest injury-severity groups. Specifically, 47%
of the patients tested within three months postinjury had
been assigned to Group 1 (TFEC < L hr) and 27% bhad
been assigned to Group 2 (TFC = 1-23 hr). This totaled
74% of the entire sample. An additional 19% of patients
assessed within 3 months postinjury had been assigned o
Group 3 (TFC= 1-6 days). Only 7% of the sample
assessed within 3 months postinjury had been assigned to
the remaining three severity groups, with none of these
patients being assigned to the most severely injured
group (TFC > 28 days). As a result, the Meyers sample
was likely a predominantly “neurologically-recovered™
TBI sample.

Objective Neuropsychological Tests

for Meyers Sample (Dependent Variables)

The sample was assessed using the MSB. The MSB
includes many of the most commonly administered
assessments instruments. There were 26 dependent
variables analyzed from the MSB. For example,
inteflectual assessment included the Wechsler Adult
Intelligence Scale — Revised or Third Edition (Pilgrim.
Meyers, Bayless. & Whetstone, 1999; Wechsler, 1981,
1997). Verbal skills were typically assessed using the
Information and Similarities subtests. Performance
skills were assessed using the Picture Completion and
Block Design subtest. Reasoning ability was assessed
using the Booklet Category Test (CT; DeFilippis &
McCambell, 1991; Kozel & Meyers. 1998). Auditory
memory was assessed using the Auditory Verbal
Learning Test (AVLT; Spreen & Strauss, 1998). Visual
memory was assessed using the Rey Complex Figure
Test (RCFT; Mevers & Meyers. 1995), which included
the immediate and delayed recall scores, as well as the
recognition score. Attention or working memory was
assessed using Digit Span and Arithmetic subtests, as

well as the Trail Making Test — Parts A and B.
Processing and psychomotor speed were assessed using
the Digit Symbol subtest and Finger Tapping.

Dependent Variable for Meyers

Sample: T Scores

Regression-based T scores were calculated, resulling in
each dependent variable raw score being converted (o a
T score (M =50 and SD = 10). Specilically. each raw
score was adjusted for the patient’s age. education, sex,
and handedness. The regression procedures used are the
same as those used by Heaton et al. (1991) in their HRB
scoring and interpretation system. Specifically, regres-
sion-based norms for each dependent variable were
generated from an independent sample of patients and
control subjects. The resulting equations were used o
generate T scores for the TBI participants 1o correct for
the influence of age. education, gender. and handed-
ness. The results were compared to norms generated by
using the Heaton et al. (1991) when possible. Correla-
tion coefficients between the two different methods,
examining six dependent variables (i.e.. FSIQ, Trails,
FTT. and CT), ranged between .82 and 95, with an
average of 92. None of the intercepts significantly
differed from 0 and none of the regression line slopes
significantly differed from 1.0, Furthermore, the mean
and standard deviation for all TBI patients in the
Meyers sample (M =41.1, SD = 7.2) was guite similar
to that obtained by Heaton et al. (2001) for a sample of
patients who suffered from chronie schizophrenia
(M=419, SD=6.5). Therefore. we proceeded to
demographically correct the remainder of the depen-
dent variables using the same regression-based proce-
dure. Specifically, we transformed each patient's raw
scores into T scores for all 26 dependent variables.
These 26 T scores were linearly combined 1o generate
an overall test battery mean (OTBM-T) for each patient
that was demographically corrected.

RESULTS

Comparisons of TBI Severity

Groups: T scores

Means and standard deviations for each of the six
severity groups are shown in Table 3 and are
graphically illustrated in Figure 2. An ANOVA of
these data revealed a significant main effect for
severity. F(5, 285)=29.5, p < 0001, Due to the
heterogeneity of variance across groups and
the categorical nature of the independent variable,
the analysis was repeated using a nonparametric
procedure (Kruskal-Wallis). As with the Dikmen
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Table 3. Injury Severity Using T Scores for Meyers’ Sample,

Severity group n M SD Minimum Median Maximum
Group 1: LOC < | hr 138 44.3 (5.0) 318 44.9 54.6
Group 2; LOC = 1-23 hr 52 413 (5.7) 30.7 420 524
Group 3: LOC = 1-6 days 47 40.0 (6.6) 28.3 39.4 49.7
Group 4: LOC =7-13 days 19 365 (7.1) 242 384 48.5
Group 5: LOC = 14-28 days 14 33. (5.3) 22.6 345 42.3
Group 6: LOC > 28 days 21 303 (8.6) 10.6 31.2 40.7
Entire sample 291 41.1 (7.2) 10.6 423 54.6

60

55 |

) iy |
50
\ T Maxy=-21x+3562 |
~_
iE i \ \_\
M
\ \\ | o0%iley=-2.2x + 535
1
1 1
0 . \ T Ti%ilay=29x+ 504 w—
gl ' \ I
Ei 35 4 | S0%iley=-26x+4786 |
EI ‘ \ \
9—"‘?! S~
'“:.ﬁi 30 } \ N [ 25%iley=31x+446 |
a \ \ |
i .
25 u\ [ 10%lle y = -3.7x + 42.2 }__j
‘q\
20 { Miny=-35x+364 |——
15
10 | e — -
Graip 1 Group 2 Group 3 Group 4 Group 5 Group &
<thr 1+23hrs 1-6 days 7-13days 14-28 days = 28 days

Saverity of TBI basad on LOC
Fig. 2. Overall Test Battery Mean (OTBM) using 7' scores from the Meyers sample.
sample, results were quite similar between the  difference in both omnibus tests. Planned pair-

parametric and nonparametric  procedures,  wise comparisons amongst the severity groups
H(5, 285)=384.1, p<.0001, with a significant using both procedures were also consistent. and



with four exceptions, revealed 26 significant
differences out of 30 pairwise group comparisons.
The four exceptions were that for both proce-
dures, Groups 2 and 3 were not significantly
different from one another, nor were Groups 4 and
5 significantly different from one another. The
differences between these two sets of scores were
all in the expected direction, but these last four
were not of sufficient magnitude to
statistical significance.

reach

Simple Linear Regression of Severity

Group on T Scores

Refer to Figure 2 for a graphic illustration of the
regression analyses, which includes the typical
percentile-divisions used in box plots. As with the
Dikmen sample. the graph was generated using
simple linear regression, with the independent
variable of injury severity, as defined by Group
assignment (i.e., 1-6). was regressed onto the
OTBM of the 291 patients from the Meyers
sample. The results were highly significant,
F(1, 290) = 146.6, p < .0001, with a Pearson r
of —.58, which accounted for 34% of the
variance. Using the 95% confidence interval, the
intercept was 47.1 + 1.2, and the slope was
—2.7+0.4. The corresponding Spearman’s Rho
for this relationship was —.72, which was also
highly significant, Z= —8.81, p < .0001. Worth
noting is that these results are quite similar to that
reported by Dikmen et al. (1995) with the HII
(r=-.59).
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Comparison of Results from Study 1

and Study 2

Two problems exist that makes it difficult to
compare the results of these two samples. First,
there is only summary data from the Dikmen
sample, whereas the Meyers sample includes
patient’s raw scores. We attempted (o obtain raw
data from Study 1's authors, but were unsuccess-
ful. Furthermore, we do not bave a trauma control
group to generate effect sizes for the Meyers
sample, as was available for the Dikmen sample.
Second, the operational definition of the most
severely impaired group was not the same
between the two studies. In the Dikmen sample,
patients” who were sufficiently impaired that they
could not complete the assessment battery had
their scores estimated. However, these types of
patients were excluded from the Meyers sample.
As a result, Group 6 is more severely impaired in
the Dikmen sample than in the Meyers Sample.
To make the two samples comparable. we
excluded the results of Group 6 and assumed that
the effect size for the least injured group was
essentially zero (Binder et al., 1997). Then, we set
the OTBM-T for the trauma control group of
Dikmen et al. (1995) to be equivalent to that of
the least injured group of the Meyers sample.
Using this estimated OTBM-T for the trauma
control group, we then generated a series of
estimated OTBM-T's for the first five groups of
the Dikmen sample. These results are presented in
Table 4. The mean level of performance was not

Table 4. Comparison Between Mean OTBM-T for Meyers' Sample and Estimated OTBM-T for Dikmen Sample,

Excluding the Most Severely Impaired Group.

Severity group

Meyers sample Dikmen sample

Group 1: LOC < 1 hr 443 441

Group 2: LOC =1-23hr 41.3 42.1

Group 3: LOC = -6 days 40.0 39.8

Group 4: LOC =7-13 days 36.5 37.5

Group 5: LOC = 14-28 days 337 31.0
Sample mean of six groups (SD) 39.2 (4.1) 389 (5.1)
Correlation coefficient” 99 96
Slope of regression line (95% CI) —2.6(+.6) —3.1 (£1.6)

Intercept of regression line 47.0 (£2.0)

48.1 (=5.3)

Note. “Simple linear regression. with the independent variable being severily group assignment and the dependent
variable being level of performance, as operationally defined by the OTBM-T.
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significantly different between the Meyers and
Dikmen samples (39.1 vs. 38.9, respectively), The
correlation coefficient between the two samples
was .97 (p=.0067). with a slope that was not
significantly different from 1.0 and an intercept
that is not significantly different from 0. This
suggests that the two samples are in a high degree
of agreement and are likely assessing the same
dose-response relationship.

Percentile Classification Accuracy
Using T Scores
T scores from the Meyers sample were used to
calculate percentiles for each severity group. The
percentiles plotted were chosen because they are
the same as those used in the box plots of the HII
presented by Dikmen et al. (1993). Specifically.
there are seven cut points provided on the graph
(i.e.. minimum score, 10th, 25th, 50th, 75th, and
00th percentiles, and the maximum score). The
actual patient data were smoothed using regres-
sion procedures to remove random variability
across severity groups. The regression lines
generated by these analyses created seven regions
on the graph: (1) less than the minimum score, (2)
the minimum score to 10th percentile, (3) 10th to
25th percentile. (4) 25th to 75th percentile, (3)
75th to 90th percentile. (6) 90th to maximum
score, and (7) greater than the maximum score.

Actual percentiles for each patient were then
checked against their assignment into the graphic
regions. Resuits revealed that 81% of the patients
had been assigned to the correct region of the
graph based on their true percentile within the
sample. Of the patients who were incorrectly
assigned, 11% were assigned to a graphic region
that was one lower than the one in which they
belonged. Of these lower-placed patients, half
scored below the 25th percentile and four (1.4%
of the total sample) were assigned to the region
that was below the minimum score of their
severity group. Of these 4 patients, 2 were in
Group 1, 1 was in Group 2, and 1 was in Group 6.
Furthermore, the 4 patients were only slightly
below each minimum score, with each being
less than 1.5 T score points below the minimum
line.

Regarding the remaining incorrectly assigned
patients, 87 were assigned to a region that was

one higher than they belonged. However. of these
higher-placed patients. only 3 (1% of the total
sample) scored below the 25th percentile. Of
these 3, all were from Group 3. Finally. 9% of
patients were incorrectly assigned to a percentile
region that was one farther from the sample
median; whereas 10% of the patients were incor-
rectly assigned to a percentile region that was one
closer to the sample median. These “farther”
incorrectly assigned patients were distributed
evenly across the six severity groups.

DISCUSSION

The results of the current study are clear. When
TBI researchers or clinicians use similar opera-
tional definitions for the independent variable
(e.g.. ime to follow commands) and the depen-
dent varidble (e.g., memory loss as measured by a
published, standardized. and well-normed psy-
chometric instrument). the association between
TBI severity and residual cognitive deficits will
be revealed.

One reason why our results are of particular
impaortance is that most neuropsychologists do not
use the HRB (see, e.g.. Sweet et al., 2000). This
limits what many of them can do with the findings
of Dikmen et al. (1995) regarding the dose-
response relationship of TBI. The majority of
the clinicians use a “flexible battery™ approach.
However, the major limitation of the flexible
battery approach is that it is difficult to compare
test scores across individuals and groups. The
current study found that generating an OTBM
provides a way to compare TBI patients’ global
residual cognitive ability with that which would
be expected based on the severity of their injury.

In addition, the current study serves as a valida-
tion of the OTBM as a global index of neuropsy-
chological functioning generated by the RIM
(Heaton et al.. 2001: Miller & Rohling. 2001
Rohling, Langhinrichsen-Rohling. & Miller. 2003).
The correlation between the effect sizes generated
from the HII and the OTBM-T from the Meyers
sample confirms that the OTBM serves the same
purpose for the MSB as does the HII does for the
HRB. Heaton et al. (2001) used a similar method to
substantiate the stability of neuropsychological
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deficits in schizophrenia. In their study, the OTBM
(i.e., Global Neuropsychological T score) was
found to have greater reliability than both the
AIR and the FSIQ. It is possible that the OTBEM
will provide the most useful estimate of current
cognitive functioning for the clinician working
with TBI patients, Further research will be needed
to substantiate this,

Application of Findings to Clinical
Assessment

Use of the OTBM-T is generally simple in its
calculation and application. First, each dependent

measure is translated to a similar metric (e.g.. T

scores). These are then averaged across the
dependent measures that were administered in
the test battery.' Then, the results of the present
study can be used to determine the relative
congruity between acute injury and residual
cognitive deficits, which is independent of the
assessment battery used by a clinician. However,
this last statement is true only under certain
conditions. The reader might wonder, can a
clinician calculate “any old OTBM™ and get the
same results? No! We believe that the similarity
hetween the two samples used in the present study
occurred only because both batteries compre-

hensively assessed the primary domains of

cognition with normed instruments that are well
standardized. We have conducted research to
substantiate this fact. with two manuscripts in
press (Rohling, Langhinrichsen-Rohling, & Miller,
2003; Rohling et al., in press) to substantiate our
claim.

'A simpler method was also advocated by Rohling
and colleagues (Miller & Rohling, 2001: Rohling
et al., in press). The Instrument Test Battery Mean
(ITBM) is the average of a single measure from each
instrument administered. The most appropriate mea-
sure selected for inclusion into the ITBM is either a
summary score (e.g.. FSIQ for the WAIS-III) or the
most sensitive subtest score of the instrument (e.g.. total
score trials for the AVLT). Research
conducted by Rohling et al. (in submission) has found
correlations between the OTBM and the ITTBM of .95.
One can adequately substitute the ITBM for the OTBM
with little concern about its effect on the subsequent
analyses.

across five

Regarding our results, one must keep in mind
that before a patients” set of scores can be com-
pared to our results. other complications must be
ruled out. For example, such complicating factors
such as cortical laceration by in-driven bone
fragments, posttraumatic seizure disorder, and/or
late onset hydrocephalus can all cause greater
impairment in cognition than one might predict
based on a simple uncomplicated TBL If these
factors can be ruled out, then comparison to the
present results is feasible,

The following example will illustrate how our
results might be used in an individual case to
determine the probability of the level of perfor-
mance occurring with the level of acute injury.
Using a patient’s LOC, which can usually be
obtained from the medical record, a clinician
can find the severity group in which the patient
best belongs. Using Figure 2, the patient’s group
can be found on the horizontal axis (X-axis),
Then, the clinician should move upward on the
graph until the group’s median OTBM T score is
found. This will be the most likely degree of
impairment for a patient falling in the patient’s
severity group. Next, the 10th and 90th percen-
tiles should be located for the patient’s particular
severity group. The clinician can then check to
see if their patient’s OTBM falls within this range
of scores. If the patient’s OTBM falls below the
10th percentile, and particularly if it falls below
the minimum score for the entire severity group,
the clinician should investigate other potential
variables that may have impacted the patient’s
test scores (e.g., suboptimal performance, psy-
chiatric disorder, or premorbid dysfunction).

For example, if a patient were unconscious for
18 hr following a TBI. this would place him or her
in the second severity group. Using the equations
supplied on Figure 2. the median OTBM T score
for this group is 424, and the 10th to Y0th
percentile range is 34.8 and 49.3. which is a
range of 7.3 T score points. I the patient’s
OTBM equaled 27.0. this is less than the mini-
mum score for all patients in this severity group.
The clinician may then suggest that this degree of
impairment is statistically unlikely, based on the
patient’s severity of injury.

A similar procedure can be followed if the
neuropsychologist knows the patient’s OTBM-T,
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based on his or her performance on a comprehen-
sive test battery, and wants to calculate the sever-
ity of TBI that would most likely result in such a
score. Using Figure 2, this can be accomplished
by finding the patient’s OTBM-T on the vertical
axis (Y-axis). This T score can then be followed to
the left untl it intersects the 50th percentile
regression line. At this point. go down the graph
vertically to the horizontal axis (X-axis) to deter-
mine the severity group to which the patient is
most likely to belong. This procedure can be
made more precise by algebraically rearranging
the regression equations in Figure 2, so that the
severity group number is isolated on the left side
of the equation and the patient’s OTBM is entered
into the right side of the equation. For example,
using the 50th percentile line, the equation is
as follows: severity group number=[(47.6 -

OTBM)/2.6]. Therefore. if a patient obtained an
OTBM-T of 27.0, as given in the above example.
the calculation for a group assignment would be
greater than six. This severity group had an LOC
of greater than 28 days. Furthermore, between
10% and 25% of the patients in the next less
severely injured group (i.e.. LOC = 14-28 days)
scored this low and less than 107 of the patients
in the fourth severity group (i.e., LOC =7-13
days) scored this low. Finally, no one in the first
or second severity group should be expected to
score this low: Thus. the probability of belonging
to a particular severity group can be compared
to the patient’s medical records to see how
much of a discrepancy there is between expecta-
tion and reality. In the example above, the
patient’s medical record documented an LOC of
18hr. According to the graph. the expected
LOC for this amount of deficit should be greater
than 28 days. Given that the patient was un-
conscious for a much shorter amount of time
than was anticipated, the clinician should be
encouraged to other factors that
might explain the patient’s remarkably poor
performance.

consider

Summary

Overall, the current study also provides some
validity data for the use of the MSB. The
comparison between the HRB and the MSB
indicates that both batteries similar

measure

neuropsychological functions and have similar
sensitivities to neurological lesions. We believe
this to have been the result of the comprehensive
nature of both assessment batteries, which in-
cludes measures of the primary domains of cog-
nition (Larrabee, 1990). There were no substantial
differences between the MSB and HRB, as
utilized by Dikmen et al. (1995). across the TBI
severity groups. Specifically, the slope of the
regression line, when effect sizes were trans-
formed into an OTBM-T estimate, indicated that
the two samples were highly congruent in their
results. In addition, the two test batteries were
similar in terms of their variance in effect sizes
and T scores across the severity groups. The
correlation between the samples (.97) suggests
that the batteries are equivalent in their ability to
assess different levels of cognitive impairment 1s
similar to the findings of Volbrecht et al. (2000). It
is anticipated that any comparable battery with
same level of normative data as the MSB and
assessing the same cognitive skills would produce
similar results, Of course, further research is
required to substantiate this claim, as would be
true with any flexible or semi-fiexible batteries.
What minor differences exist in the slope and
intercept of the regression equations generated
with the Meyers and Dikmen sample are likely
attributable to practice effects in the Dikmen
sample, which likely differentially influenced the
more mildly injured patients, which was not
evident in the Meyers sample.
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