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Abstract

Objective: Idiopathic normal pressure hydrocephalus (INPH) is a neurological disorder presenting with gait, cognitive, and
bladder symptoms in the context of ventricular enlargement. Although gait is the primary indicator for treatment candidacy
and outcome, additional monitoring tools are needed. Line Tracing Test (LTT) and Serial Dotting Test (SDT), two
psychomotor tasks, have been introduced as potential outcome measures but have not been widely studied. This preliminary
study examined whether LTT and SDT are sensitive to motor dysfunction in INPH and determined if accuracy and time are
important aspects of performance. Methods: Eighty-four INPH subjects and 36 healthy older adults were administered LTT
and SDT. Novel error scoring procedures were developed to make scoring practical and efficient; interclass correlation showed
good reliability of scoring procedures for both tasks (0.997; p< .001). Results: The INPH group demonstrated slower perfor-
mance on SDT (p< .001) and made a greater number of errors on both tasks (p< .001). Combined Time/Error scores revealed
poorer performance in the INPH group for original-LTT (p< .001), modified-LTT (p≤ .001) and SDT (p< .001).
Conclusions: These findings indicate LTT and SDT may prove useful for monitoring psychomotor skills in INPH. While
completion time reflects impaired processing speed, reduced accuracy may suggest planning and self-monitoring difficulties,
aspects of executive functioning known to be compromised in INPH. This is the first study to underscore the importance of
performance accuracy in INPH and introduce practical/reliable error scoring for these tasks. Future work will establish relia-
bility and validity of these measures and determine their utility as outcome tools. (JINS, 2016, 22, 341–349)

Keywords: Normal pressure hydrocephalus, Cognition, Dementia, Neuropsychology, Speed of processing,
Psychomotor speed

INTRODUCTION

Idiopathic normal pressure hydrocephalus (INPH) is a
progressive neurological disorder in which ventricular
enlargement occurs in the context of minimal cerebral
atrophy and no macroscopic evidence of a cerebral spinal
fluid (CSF) obstruction (Adams, Fisher, Hakim, Ojemann,
& Sweet, 1965; Kitagaki et al., 1998; Shprecher, Schwalb, &

Kurlan, 2008). Clinical presentation of INPH involves the
symptom triad of gait disturbance, cognitive impairment, and
urinary incontinence (Marmarou, Bergsneider, Klinge, Relkin,
& Black, 2005; Savolainen, Hurskainen, Paljärvi, Alafuzoff,
& Vapalahti, 2002). Cognitive dysfunction in INPH can
range from subtle mental status changes to dementia (Iddon
et al., 1999). The pattern of cognitive decline is characterized
as frontal network dysfunction, evidenced by declines in
attention, executive functioning, and psychomotor speed
(Klinge et al., 2001). Impaired executive functioning is
observed on neuropsychological exam, with poor perfor-
mance on tasks sensitive to frontal lobe or frontostriatal
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dysfunction (Devito et al., 2005; Iddon et al., 1999; Klinge et al.,
2001). Screening tests such as the Mini Mental Status Exam-
ination (MMSE) (Folstein, Folstein, & McHugh, 1975) are not
typically sensitive to the types of deficits observed in INPH,
especially early in the disease course, and are fairly insensitive
to changes over time. Thus, detailed neuropsychological testing
is needed for diagnostic purposes, to help determine whether
intervention is warranted and to monitor response to treatment.
INPH is most commonly treated via shunt placement

(Kahlon, Sjunnesson, & Rehncrona, 2007; Pujari et al., 2008;
Thomas et al., 2005). Candidacy for shunt is determined by
careful diagnostic work-up, which often includes a lumbar
puncture to establish whether symptoms improve after CSF
removal (Bergsneider, Black, Klinge, Marmarou, & Relkin,
2005; Foss, Eide, & Finset, 2006; McGirt et al., 2005). Gait
has been shown to improve most frequently following sur-
gery (Hellström et al., 2008). While improvements in higher
order cognitive functions have been observed, there is a great
deal of variability in the pattern and course of cognitive
recovery (Katzen et al., 2011).
To our knowledge, no systematic neuropsychological tests

have been shown to reliably identify candidates for shunt or
monitor response to treatment. There is a clear need for
additional measures that are both brief and practical to
efficiently manage INPH patients. Assessment of upper
extremity motor (UEM) skills in INPH is particularly
important given that some patients are wheelchair dependent,
prohibiting gait assessment, and others have orthopedic
issues that interfere with gait evaluation.
Two experimental measures of psychomotor function, the

Line Tracing Test (LTT) (Schomerus, Weissenborn, Hamster,
Rückert, &Hecker, 1999;Wechsler, 1981;Weissenborn, Ennen,
Schomerus, Rückert, & Hecker, 2001) and the Serial
Dotting Test (SDT) (Schomerus et al., 1999; Wechsler, 1981;
Weissenborn et al., 2001) have potential as reliable and practical
outcome assessments in INPH (Klinge et al., 2001). These
measures are different from traditional psychomotor tasks
typically used in a neuropsychological examination since they
allow for assessment at all skill levels. Many of the more
traditional motor tasks at our disposal are too difficult for INPH
patients, and in many instances accurate assessment is not
possible due to a floor effect.While LTT and SDT have not been
widely studied in INPH, psychometric studies have shown that
these tasks are suitable to assess psychomotor skills in other
populations with significant motor impairment, such as hepatic
encephalopathy (Weissenborn, 2013; Biller & Ferro, 2014).
LTT and SDTwere first introduced for use in INPHbyKlinge

and colleagues, who reported improvement in performance on
these measures 1 week after shunt placement; these changes
were also sustained seven months post-shunt (Klinge et al.,
2002). For those readers who are unfamiliar with the test, as a
way of brief introduction, LTT and SDT, are measures of upper
extremity dexterity, that have been reported by Klinge et al.
(2002) as sensitive measures to shunt response in INPH
patients. Tsakanikas, Katzen, Ravdin, and Relkin (2009),
further demonstrated that LTT and SDT identified INPH
responders to CSF drainage (tap-test). Post-tap changes on

these tasks correlated with shunt outcome. Collectively, these
findings suggest that LTT and SDT appear to be sensitive
measures for evaluating early shunt response in INPH.
Despite the promising preliminary data, LTT and SDT have

not yet been fully adopted into standard clinical or research
INPH protocols. One of the primary obstacles has been the
cumbersome scoring methodology for LTT, which is time
intensive and introduces the potential for a great deal
of error due to the subjective nature of the scoring decisions
required by raters. For this reason, many investigators
have used only completion time as a potential measure to
determine change and have not examined performance
accuracy, which may be a critical component of performance
(Tsakanikas et al., 2009). Accuracy is important because an
individual who completes the task quickly may compromise
accuracy for speed, whereas another individual might perform
the task slowly to achieve greater precision. To further explore
the importance of accuracy, in addition to speed, we developed
an alternative LTT error scoring methodology. We also intro-
duced an error scoring system for SDT, which previously was
scored only for completion time. Both new scoring methods
have been introduced in our hydrocephalus clinics and have
been valuable for measuring both response to drainage and
shunt outcome in individual patients. The overall goal of the
present study was to determine the utility and reliability of the
original and revised error scoring procedures and examine
whether these newly devised LTT and SDT error scoring
variables may be sensitive to UEM dysfunction in INPH. This
preliminary study will help determine whether LTT and SDT
should be further investigated and developed as outcome
assessment tools in INPH as well as whether the adapted
scoring methodology adds useful information in INPH.

METHODS

Participants: Eighty-four INPH subjects were recruited from
hydrocephalus programs at three neurological centers [Weill
Cornell Memory Disorders Program (WCMC), n = 25;
University of Miami Department of Neurology (UM),
n = 24; and Butler Hospital Memory and Aging Program
(MAP), n = 35]. A diagnosis of INPH was made by the
treating neurologist, based upon neurological and neu-
ropsychological evaluation. Inclusion/exclusion criteria
were: (1) Enlarged ventricles out of proportion to sulcal
atrophy on computed tomography or magnetic resonance
imaging (Evan’s index of at least 0.3; Shprecher et al., 2008),
(2) Gait disturbance with either urinary incontinence and/or
cognitive impairment, (3) No evidence of a known cause for
hydrocephalus, (4) No history of alcohol abuse, significant
psychiatric diagnosis or clinically significant hearing/visual
loss, (5) No history of large and medium cortical strokes or
neurologic disease other than INPH, and (6) Impaired vision
interfering with completion of cognitive assessment. All INPH
patients were pre-shunt placement at the time of testing. Of the
INPH participants, 2 were wheelchair bound and 15 required
the use of an assistive devise for ambulation (cane or walker).
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The remaining 67 participants were able to ambulate
independently for the purposes of the gait evaluation.
Thirty-six healthy older adults were recruited from two of

the sites as a comparison group and included INPH care-
givers and community-dwelling healthy older adults [Weill
Cornell Memory Disorders Program (WCMC), n = 25;
Butler Hospital Memory and Aging Program (MAP), n = 11].
Exclusion criteria for the comparison group included current or
past history of alcoholism, drug use, mental illness, neurologic
diagnosis, brain injury, or cognitive impairment (MMSE< 25).
Informed consent was obtained from all participants. Proxy
consent was obtained in any INPH patient who was deemed
unable to provide informed consent due to the severity of
their cognitive difficulties. This study was approved by the
Institutional Review Board at each center.

Procedures

All participants underwent comprehensive neuropsychological
assessment, including measures of attention, executive func-
tioning, construction, visuospatial skills, learning and memory,
and motor/psychomotor skills, as well as brief mood and
behavior screening as part of a clinical work-up at each center.
Neuropsychological measures were administered and com-
pleted using standard instructions outlined in their respective
test manuals; the full battery varied across centers.
In addition to the traditional neuropsychological tasks, two

experimental measures of psychomotor functions, SDT and
LTT, were administered to each participant (Schomerus et al.,
1999; Weissenborn et al., 2001). Modifications were made to
the established administration and scoring procedures to
adapt these measures for use with individuals with INPH.

First, we created a modified scoring methodology for LTT and
introduced an error scoring procedure for SDT, which was
previously only scored for completion time. Second, a felt-tip
red pen was used rather than a soft-pencil to increase response
precision and improve scoring through better visualization of
the participants’ data. Lastly, during both tasks, the stimuli
were taped to the table (top and bottom) to prevent movement
and to ensure that the same orientation was used throughout.
All administration procedures and error scoring methods are
described in detail below.

Line Tracing Administration and Scoring

LTT (Figure 1a) requires the participant to draw a line inside
two given lines as quickly as possible without touching/
crossing the given boundary lines. There are four alternate
forms. All forms are mirror images, and the same scoring
template and total number of possible errors applies. WCMC
and UM used LTT Form 1 for all participants and MAP
counterbalanced the forms. Participants are given a red
felt-tip marker and asked to complete the task without lifting
the pen. A short sample trial is demonstrated by the examiner
and completed by the participant before proceeding to the test
stimuli. Completion time is recorded (seconds) as well as the
number of errors made using two different error scoring
methods (original and modified), described below.
The original LTT (LTT-O) error scoring method uses a

scoring template (Figure 1b) that is placed over the stimulus
and divides the page into small individual sections of equal
size. Error points are assigned for each segment depending on
whether the drawn line is within the boundary line (0 points),
touching the boundary line (1 point), outside the borders of

Fig. 1. a: The Line Tracing Test (LTT). b: Original LTT scoring template.
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the boundary line (2 points) or outside the template border
(3 points). A segment is marked as outside the template
border if the drawn line falls outside the boundary line. There
are 365 segments and error scores can range from 0 to 1095.
This scoring procedure takes approximately 10 min.
The modified LTT scoring method (LTT-M) was

developed in an attempt to simplify the procedure and create
a scoring method that is practical, demonstrates strong inter-
rater reliability and can be easily implemented in the clinic
setting. The LTT-M scoring method does not use a template
or individual segments. Instead, error points are assigned
each time the drawn line touches (1 point) or crosses the
boundary line (2 points). There is no maximum score, since
segments are not used. Total scores of INPH participants
using this scoring method typically range from 40 to 70. This
scoring procedure takes approximately 2 to 4 min.
In addition to the individual time (seconds) and error

scores, combined scores (time + errors) were calculated for
LTT-O and LTT-M scoring methods to evaluate overall
performance. Raw scores were converted to Z-scores by
standardizing all data points to the mean and standard
deviation of the control group. These scores reflect the sum of
the Z-score for time and Z-score for error. Higher scores
represent poorer performance.

Serial Dotting Administration and Scoring

SDT (Figure 2a) requires the participant to place a dot in the
center of 100 circles (1 cm diameter) arranged in a 10 × 10
array. Participants are instructed to work as quickly and
accurately as possible. A short sample trial is demonstrated
by the examiner and completed by the participant before
proceeding to the test stimuli. Original scoring of SDT
included only completion time. We developed error scoring

for this task that involves placing a scoring template over the
stimulus (Figure 2b). Error points (1, 2, or 3) are assigned for
each circle based on how far the marked dot diverges from
the center. Error scores range from 0 to 300.
In addition to the individual time (seconds) and error

scores, a combined score (time + errors) was calculated for
SDT to evaluate overall performance. Raw scores were con-
verted to Z-scores by standardizing all data points to the mean
and standard deviation of the control group. The combined
scores reflect the sum of the Z-score for time and Z-score for
error. Higher scores represent poorer performance.

Double Scoring Procedure for LTT and SDT

To ensure accuracy, each LTT and SDT protocol was scored
by two raters trained in scoring methods by the lead
neuropsychologist at each center (H.K. and I.P.). In cases
where the second rater’s score was within 15% of the initial
score, the initial score was used for data analysis. If the two
scores were more than 15% discrepant, the protocol was
scored by another independent rater. The score that fell
closest (and within 15%) of the independent rater was used
for analysis. For all scoring procedures, 13% (across each test
and scoring method) required a third rater. If a greater than
15% discrepancy remained after the task was scored by three
raters, all raters and the site neuropsychologist reviewed the
data and consensus was reached.

Statistical Analyses

All variables were analyzed for normality using the Shapiro-
Wilk test. Mann-Whitney U test was used to examine
group differences in demographics and gait outcomes for
non-normally distributed variables. Data transformations for

Fig. 2. a: The Serial Dotting Test (SDT). b: SDT scoring template.
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positively skewed data (square root, log, or inversion) as well
as removal of extreme outliers were used when necessary in
order for all STD and LTT variables to reach normality.
Independent sample t tests were used to examine group
differences and a Bonferroni correction was used to control for
multiple comparisons and reduce the chances of a Type I error.
The critical p value for the main analyses was set to alpha of .05
and with eight comparisons; the adjusted alpha value was
p< .006. Cohen’s d was used to calculate effect sizes for the
independent sample t tests of the outcome measures. Intraclass
correlation coefficients were calculated to assess interrater
reliability for both measures. Analyses of covariance
(ANCOVA) were used to assess group differences in test
performance (time, errors, and time + errors) while controlling
for age, gender, and education. Partial eta squared (η2) was used
to calculate effect sizes for the ANCOVAs. Partial correlations
were used to assess the relationship between LTT and
SDT with both speed of walking and number of steps during
10-meter walk for both groups, gait time (10 meter walk), and
mean number of steps for both groups.

RESULTS

Demographic Information

Demographic variables were not normally distributed.
Mann-WhitneyU tests revealed that the INPH group was older
(U = 1,832; Z = 2.11; p = .035) and had fewer years of
education (U = 965.5; Z = − 2.91; p = .004) than the

healthy elderly adult comparison group. The comparison group
was comprised of a greater number of females. ANCOVA
analyses were performed controlling for these demographic
differences between groups. No significant group differences
in estimated verbal IQ were observed. The majority of parti-
cipants for which racial information was available (n = 80)
identified themselves as white, non-Hispanic across both
groups (n = 68 or 85%). The comparison group performed
significantly better on a cognitive screen (U = 392.5;
Z = − 6.26; p< .001). Means and standard deviations of all
demographic variables are shown in Table 1.

Interrater Reliability

Intraclass correlation coefficients (ICC) were calculated to
determine interrater reliability of error scores derived by two
independent raters for both LTT scoring methods and SDT.
Estimated reliability for LTT-O was 0.994, p = < .001, 95%
confidence interval (CI), [0.991, 0.996]. For the LTT-M
scoring procedure, the estimated reliability was 0.997,
p< .001, 95% CI, [0.996, 0.998]. The ICC for SDT error
scores was 0.997, p< .001, 95% CI, [0.996, 0.998].

Testing Results

Gait assessment

Number of seconds and number of steps required to walk
10 meters and the number of steps required to turn 180 degrees
were recorded for each participant (average of two trials).

Table 1. Demographic information and gait assessment

INPHa Controlsb

N (Percent) Min Max Mean SD N (Percent) Min Max Mean SD

Age* 61 89 75.29 6.78 62 87 72.37 7.44
Gender
Male 51 (61) 9(26)
Female 33 (39) 26(74)

Education** 8 20 14.01 3.06 9 20 15.79 2.70
Handedness
Right 74 (88) 31(89)
Left 10 (12) 4 (11)

MMSEc *** 10 30 24.44 4.76 26 30 29.09 1.17
NAARTd 89.54 128 113.73 9.03 97.00 128.70 115.39 6.99
Gait
Stepse*** 6 52 19.24 11.22 5 18.50 9.10 3.76
Timef *** 5 53 15.29 8.91 4 8.50 6.11 1.14
Turng *** 2 16 5.68 2.32 1 5 2.71 0.76

aN = 84.
bN = 36.
cMini Mental Status Exam Total Score, N = 82 (INPH), N = 35 (Controls).
dNorth American Adult Reading Test Total Verbal IQ Estimate, N = 54 (INPH), N = 32 (Controls).
eMean steps to walk 10 meters, N = 77 (INPH), N = 35 (Controls).
fMean time (seconds) to walk 10 meters, N = 77 (INPH), N = 35 (Controls).
gMean number of steps to turn 180 degrees, N = 70 (INPH), N = 35 (Controls).
*Statistically Statistically significant group difference, p< .05.
**Statistically Statistically significant group difference, p< .01.
***Statistically Statistically significant group difference, p< .001.
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Mann-Whitney U test revealed better performance on all three
gait measures in healthy compared to INPH participants:
number of seconds to walk 10 meters (U = 2,599; Z = 7.86;
p< .001); number of steps to walk 10 meters (U = 2,241;
z = 5.61; p< .001); number of steps to turn
180 degrees (U = 2,333; z = 7.56; p< .001).

Line Tracing Test

Independent samples t test revealed no group differences in
completion time on the LTT. The INPH group made more
errors than healthy adults using both methods for LTT
error calculation (see Table 2). These differences remained
after controlling for age, gender, and education: (LTT-O,
F(1,95) = 30.13; p< .001; ηp2 = .24); LTT-M, F(1,103) =
21.30; p< .001; ηp2 = .17).

Serial Dotting Test

Independent samples t test revealed that the INPH group
exhibited a significantly longer completion time and made
more errors on the SDT (see Table 2). These differences
remained significant after controlling for age, gender, and
education (SDT Time: F(1,106) = 15.90; p = .001; ηp2 = .13);
SDT Errors: F(1,110) = 24.58; p< .001; ηp2 = .18).

Combined time and error scores

Results of the ANCOVA comparing combined time and error
scores revealed that the INPH group demonstrated poorer
performance compared to the healthy older adults on LTT-O
Time + Errors, LLT-M Time +Errors, and SDT Time +Errors

after controlling for age, gender, and education. Results of the
Time and Error Score comparisons are shown in Table 3.

Correlations

LTT-O and LTT-M were highly correlated (r = 0.86). Timed
gait was moderately correlated with LTT-O Error, LTT-O
Time + Error, SDT- Time, SDT Error, SDT Time + Error, and
weakly correlated with LTT-M Error and LTT-M Time +
Error. Gait mean steps was weakly correlated with LTT-O
Error, LTT-O Time + Error, LTT-M Error, SDT Time, SDT
Error, and SDT Time +Error (Table 4).

DISCUSSION

Our data indicate that LTT and SDT, two novel measures of
psychomotor function, may be useful in examining upper
extremity motor impairments observed in INPH. This is the
first study that systematically evaluated both speed and
accuracy to determine which aspects of performance best
differentiate INPH participants from healthy older adults.
Our findings indicate that accuracy may be more important
than speed in evaluating performance and should not be
overlooked. In fact, LTT time to completion was not different
between INPH and the comparison group, highlighting
the importance of examining accuracy when evaluating
psychomotor skills in INPH.
A major contribution of this study is the development of

the revised LTT error scoring method, and the introduction of
an accuracy scoring method for SDT. Previously, researchers
and clinicians who used these tasks in INPH have focused

Table 2. Line Tracing and Serial Dotting Tests

INPH Controls

N Mean SD N Mean SD p Value Cohen’s d

Line Tracing Completion Time 75 94.59 36.99 36 89.17 29.18 .553 —

Line Tracing-O Error Scorescore 74 160.57 72.33 27 66.89 23.62 <.001 −1.7
Line Tracing-M Error Scorescore 76 67.05 21.66 34 43.00 16.79 <.001 −1.2
Serial Dotting Completion Time 77 83.88 30.55 36 58.34 14.81 <.001 −1.1
Serial Dotting Error Scoresscore 81 51.74 27.33 36 26.86 22.13 <.001 −1.0

Table 3. Combined Time and Error score

INPH Controls

N Mean SD N Mean SD p Value ηp
2

Line Tracing-O 67 4.28 3.11 27 .21 1.19 <.001 .23
Time + Errors
Line Tracing-M 69 1.62 1.79 33 0.29 1.21 .001 .11
Time + Errors
Serial Dotting 75 2.85 2.46 35 0 .91 <.001 .20
Time + Errors
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primarily on time to completion; therefore, less is known
about accuracy. This may have been due to the fact that the
original LTT error scoring was cumbersome and a scoring
paradigm for SDT accuracy had never been developed. While
SDT time and errors appear to be correlated, our findings
indicate that it was the errors for LTT that differentiated
groups, highlighting the importance of accuracy scoring for
this measure. Our data suggest that both the original and
revised scoring methods demonstrate excellent inter-rater
reliability and are highly correlated. The LTT-M is less
cumbersome, and more efficient, and therefore, is more likely
to be adopted by clinical and research centers that evaluate
INPH patients. The combined scores, which examine both
time and accuracy, should be further developed as a potential
outcome measure to determine change in this population.
Work is also needed to examine psychometric properties of
these novel assessment tools to establish validity and
reliability.
While many INPH patients have motor dysfunction that

interferes with their performance on LTT and SDT, another
factor that may contribute specifically to reduced accuracy is
impairment in frontal executive skills in this population. The
multiple demands of LTT and SDT introduce an executive
component to the task, where self-monitoring is necessary
to prioritize both accuracy and speed. This may be more
problematic in INPH, as this group is known to have
dysfunction of frontal networks. Future studies will examine the
correlations between other frontal executive measures in the
neuropsychological battery with and without a motor component
(i.e., Trail Making Test B, phonemic fluency, working
memory, motor programming tasks) and LTT and SDT speed
and accuracy. This was not possible in the present study since
each of the sites used different executive measures and did not
use a uniform testing protocol across centers.
A question may arise regarding the use of experimental

motor tests when there are several well-established neuro-
psychological measures of motor and psychomotor function
with strong psychometric properties. In our experience,

standard motor tasks (i.e., Pegboard, Finger Tapping Test,
Trail Making Test) do not allow for thorough assessment of
deficits. In fact, some patients are unable to perform these
tasks at all, making it impossible to establish a baseline per-
formance and assess change over time. One study of 185
INPH patients that used the Trail Making Test reported that
only 70 of the participants were able to complete the task at
baseline and only 13 additional participants completed the
task after successful shunt placement (Solana, Sahuquillo,
Junqué, Quintana, & Poca, 2012). Furthermore, some
patients who are able to complete these traditional tasks
demonstrate a floor effect, where even dramatic improvement
in raw scores will not translate to improvement in standard
scores, thus making it difficult to quantify change. SDT and
LTT also require less administration time than some of the
traditional motor tasks. For these reasons, SDT and LTT
provide valuable data in INPH. These tasks have been used in
patients with Minimal Hepatic Encephalopathy (Biller &
Ferro, 2014; Weissenborn, 2013) and may also be suitable for
assessing psychomotor skills in other conditions that exhibit
significant motor impairment.
A limitation of the current study is that the INPH and

comparison group were not matched for age, education and
cognitive status. Additional work will focus on collecting
data on a well-matched disease comparison group. Another
limitation is that one center used multiple versions of the LTT
task, whereas the other two centers used only one form.
This procedure had been in place before the established
collaboration; the protocols have since been standardized.
Another consideration is that our reported reliability may be
higher than what will be observed when these tools are
implemented in a clinic setting since raters at our centers
underwent rigorous training. In terms of reliability, it will be
important to examine inter-rater as well as test-retest relia-
bility in a control population to better understand pre- and
post-surgical changes in patients with INPH.
It is notable that when these tests are used at bedside or in a

clinic setting, they do not have to be scored in a tedious

Table 4. Partial Correlations correlations controlling for age, education, and gender

Variables 1 2 3 4 5 6 7 8 9 10

1.LTTa-Time —

2.LTTa-O Error − .18 —

3.LTTa-O Time + Error .38*** .84*** —

4.LTTa-M Error − .15 .86*** .73*** —

5.LTTa-M Time +Error .89*** .22* .70*** .32** —

6.SDTb-Time .43*** .36*** .58*** .17 .49*** —

7.SDTb-Error .13 .59*** .63*** .48*** .34*** .31** —

8.SDTb- Time + Error .37*** .57*** .74*** .36*** .52*** .86*** .75*** —

9.Gait-Time .17 .42*** .49*** .28** .29** .37*** .51*** .53*** —

10.Gait- Mean Steps .04 .29** .29** .21* .14 .29** .27** .34** .71*** —

aLTT-Line Tracing Test.
bSDT-Serial Dotting Test
*p< .05.
**p< .01.
***p< .001.
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manner to be valuable. Quick hand scoring can add
useful information regarding differential diagnosis and
treatment outcome. While additional work is still needed to
establish the psychometric properties of these measures,
the revised scoring tools will make implementation into a
clinic setting more practical. When LTT and SDT are
implemented for research purposes, we recommend reliability
training of raters, implementation of double scoring
procedures until raters are proficient, and intermittent relia-
bility checks across sites.
This is the first study examining LTT and SDT perfor-

mance in INPH patients. Overall, the current data suggest that
these measures show great promise and should be further
developed as assessment tools to investigate outcome in
INPH. This is the first step in investigating a more objective
and practical scoring criteria for these tasks. Of course, the
results should be interpreted with caution given relative small
effect size, however, they should not be dismissed and further
build upon by future investigations. Additional validation
work is necessary to establish the psychometric properties
of these tasks and to examine the utility for monitoring
treatment outcomes. More specifically, it will be important
to examine INPH patients’ performance following spinal
tap and shunt surgery, correlate the findings with cognitive
functions, and establish test–retest reliability. Future
studies should compare performance of INPH patients
with other disease groups that are differentiated from
INPH including Mild Cognitive Impairment, Alzheimer’s
disease, Parkinson’s disease, and subcortical ischemic
disease.
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