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 Abstract 
  Background/Aims:  Postural instability in patients with normal pressure hydrocephalus (NPH) 
is a most crucial symptom leading to falls with secondary complications. The aim of the cur-
rent study was to evaluate the therapeutic effect of spinal tap on postural stability in these 
patients.  Methods:  Seventeen patients with clinical symptoms of NPH were examined using 
gait scale, computerized dynamic posturography (CDP), and neuropsychological assessment. 
Examinations were done before and after spinal tap test.  Results:  The gait score showed a 
significant improvement 24 h after spinal tap test in all subtests and in the sum score (p < 
0.003), while neuropsychological assessment did not reveal significant differences 72 h after 
spinal tap test. CDP showed significant improvements after spinal tap test in the Sensory Or-
ganization Tests 2 (p = 0.017), 4 (p = 0.001), and 5 (p = 0.009) and the composite score (p = 
0.01). Patients showed best performance in somatosensory and worst performance in ves-
tibular dominated tests. Vestibular dominated tests did not improve significantly after spinal 
tap test, while somatosensory and visual dominated tests did.  Conclusion:  Postural stability 
in NPH is predominantly affected by deficient vestibular functions, which did not improve af-
ter spinal tap test. Conditions which improved best were mainly independent from visual con-
trol and are based on proprioceptive functions.  © 2016 The Author(s)
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 Introduction 

 Idiopathic normal pressure hydrocephalus (NPH) is clinically characterized by the 
combination of gait disturbance, cognitive decline, and urinary incontinence  [1, 2] . Two of the 
three clinical symptoms should be apparent for diagnosis, and gait disturbance is regarded 
as obligatory as it is the earliest and most frequently manifested symptom  [1, 3] . The typical 
age of onset is between 60 and 80 years of age  [4–6] . Neuroimaging generally shows ventricular 
enlargement with communicating ventricles  [1, 7, 8] . In contrast, cortical atrophy is not 
predominant  [9] , and tight convexity is a sign of a pressure-grouted subarachnoidal space of 
the cerebral convexity  [10, 11] .

  Clinical variability is high and a large overlap to other neurodegenerative diseases is 
present. Early diagnosis of NPH allows amelioration of patients’ symptoms or at least the inhi-
bition of clinical deterioration e.g. by ventriculoperitoneal shunt implantation  [12, 13] . The 
spinal tap test is an essential clinical test for evaluating clinical improvement after lumbar 
drainage of 30–50 ml cerebrospinal fluid (CSF)  [14–17] . Following spinal tap test, gait distur-
bance is the symptom that improves most  [15, 18] . Although cognitive improvement can 
generally be assessed, inconsistent results between studies are common  [17, 19, 20] . 
Moreover, there is no agreement regarding both the neuropsychological test battery that 
should be used and also the best time point for neuropsychological assessment after spinal 
tap test.

  A slowly progressive symmetric gait disturbance is the most prominent clinical hallmark 
of NPH  [20, 21]  and is accompanied by impaired postural stability and the tendency to fall 
backwards  [22] . Falls are frequent  [23]  and generally result in most harmful injury  [24] . In 
addition, a specific feature is a broad-based gait pattern with outward rotated feet and a 
diminished height of steps  [18] . Posturographic measurements indicate that postural distur-
bance may be primarily of central vestibular origin  [25] . However, peripheral vestibular 
disturbances (otolith dysfunctions) have also recently been described in NPH patients  [26] .

  To prevent falls, it is essential to understand the nature of postural instability in NPH 
patients  [24] . This prospective, observational study focused on the evaluation of specific 
features of postural stability using computerized dynamic posturography (CDP) in patients 
with NPH and its change after spinal tap test.

  Subjects and Methods 

 Subjects 
 Seventeen patients fulfilling the clinical criteria for NPH and planned for spinal tap test 

were enrolled. The observational study was previously approved by the Ethics Committee of 
the Friedrich Schiller University Jena (No. 2831-05/10). Written informed consent was 
obtained from all patients.

  Inclusion criteria were at least 2 of 3 clinical criteria of NPH (gait disturbance, cognitive 
deficit, and urinary incontinence), age  ≥ 60 years, and typical signs of NPH in neuroimaging 
(ventricular dilation not related to atrophy).

  Exclusion criteria comprised secondary hydrocephalus, neuromuscular diseases, 
vestibular diseases, other neurodegenerative diseases, or CSF pressure at lumbar puncture 
>20 cm H 2 O.

  Each patient underwent an evaluation of gait disturbance using the gait scale  [6] , stan-
dardized neuropsychological assessment, and CDP before and after spinal tap test. Gait scores 
were estimated up to 24 h following spinal tap test and neuropsychological assessment was 
undertaken up to 72 h after spinal tap test.
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  Gait Scale 
 The quantitative assessment of gait disturbances was performed by means of the gait 

scale  [6] . It comprises the sum of a walking score (evaluation of various aspects of gait distur-
bance), time score (time used to walk a 10-meter distance), and step score (number of steps 
on a walk over 10 m), reaching a maximum of 40 points for total inability to walk and 2 points 
for normal gait.

  Neuropsychological Tests 
 Neuropsychological assessment consisted of a battery of tests evaluating core cognitive 

functions as shown in  table 1 , and lasted about 90 min. Neuropsychological assessment before 
and after spinal tap test comprised parallel test sets to prevent learning effects. Each raw 
score was transformed into a C-score, along a normative centile scale with a mean value of 3, 
and a standard deviation of 2. That is, C-scores between 3 and 7 are within the normal range, 
while scores between 2 and 3 reflect mild, and scores below 2 moderate to severe impairment. 
The sum of all C-values was used for statistical testing.

  Computerized Dynamic Posturography 
 CDP (Equi-Test ® -System, NeuroCom International, Clackamas, Oreg., USA) was used to 

evaluate different conditions of postural stability. The patient is secured with a belt to prevent 
falls and stands in a box on a platform which measures the force between the feet and the 
ground from which the sway can be estimated.

  The Sensory Organization Test (SOT) is based on the fact that there are three sensory 
systems mainly involved in maintaining balance (visual, vestibular, and proprioceptive)  [27, 
28] . Platform and visual surround can dynamically be changed and eyes can be open or closed, 
so that six different conditions are used for 6 SOT measures: (1) eyes open, stable surface and 
visual surround; (2) eyes closed, stable surface and visual surround; (3) eyes open, stable 
surface, and sway-referenced visual surround; (4) eyes open, sway-referenced surface, and 
stable visual surround; (5) eyes closed, sway-referenced surface, and stable visual surround; 
(6) eyes open, sway-referenced surface and visual surround ( fig. 1 ).

  The balance score quantifies the sway in the anteroposterior direction between 100 (no 
sway) and 0 (total loss of balance/fall) for each of the six conditions. Finally, a composite 
score was calculated, which represents a weighted mean of all SOT scores  [29] .

  In addition, secondary sensory analysis evaluates the disturbance of the different sensory 
systems taking part in postural stability based on the extent of involvement of the individual 
sensory system in the different SOT conditions (i.e., visual: SOT 4/SOT 1, somatosensory: SOT 
2/SOT 1, vestibular: SOT 5/SOT 1).

  Statistics 
 IBM SPSS Statistics Version 21 (IBM, Armonk, N.Y., USA) was used for statistical analysis. 

As Kolmogorov-Smirnov test did not prove normal distribution for many of the variables, 
paired Wilcoxon sign rank test with a two-sided significance level of 5% was used to compare 
measurements and scores before and after tap test. Unpaired Student’s t test with a two-sided 
significance level of 5% was used to compare a patient group with clinical improvement after 
tap test with a group of patients without clinical improvement. Here, a difference score 
between the variables (SOT, gait score, neuropsychological tests) before and after tap test 
was calculated. Because the study had an exploratory character, no adjustment for multiple 
testing was performed.
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 Table 1. Neuropsychological assessment

Test Description Abilities measured

Similarities (from Wechsler Adult 
Intelligence Scale, WAIS)

Participants are given two words or 
concepts and have to provide the 
generic term

Abstract verbal reasoning, 
semantic knowledge

Subtest 3 of the German 
Leistungprüfsystem 
(Performance Assessment 
System, LPS)

Participants have to identify the 
organisin g principle within a chain of 
figures

Inductive nonverbal 
reasoning

Lexical fluency (from a German 
word fluency test, the 
Regensburger Wort-
flüssigkeitstest, RWT)

Participants have to find, within a 
minute, as many words as possible 
beginning with the same letter

Executive functions

Semantic fluency (RWT) Participants have to find, within a 
minute, as many words belonging to 
the same category

Executive functions

Color-word-interference task 
(from Nuernberg Aging 
Inventory, Nuernberger Alters 
Inventar, NAI)

Inhibit prepotent tendency to read a 
word, and provide ink color instead

Executive functions

Digits forwards (from Wechsler 
Memory Scale Revised, WMS-R)

Repeat number sequences in the same 
order as presented

Short-term memory

Digits backwards (WMS-R) Repeat number sequences in reversed 
order

Working memory

Trail Making Test A/B (TMT-A/
TMT-B)

TMT-A requires an individual to 
connect randomly located numbers in 
ascending order as rapidly as possible. 
TMT-B requires switching between 
numbers and letters

Visuomotor speed and 
executive functions

Digit symbol test (WAIS) Participants have to assign each digit 
to a corresponding symbol as fast as 
possible

Processing speed

Age-Concentration-Test
(Alters-Konzentrations-Test, 
AKT)

Identify visual target stimuli among 
similar distractor items

Selective attention

CERAD (Consortium to Establish 
a Registry for Alzheimer’s 
Disease) – 10-Item Word List 
Learning Task

Three trials of a 10-item word list 
learning task

Verbal episodic memory, 
learning

CERAD – word list recall Delayed recall of the items of the word 
list learned before

Verbal episodic memory, free 
recall

CERAD – word list recognition Recognition of the items of the word 
list learned before

Verbal episodic memory, 
recognition

CERAD – Boston Naming Test 
(BNT)

Picture naming Visual recognition and word 
retrieval

CERAD – cube copy Copying a wire cube Visuoconstructional skills
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  Results 

 The demographic data of the study population are shown in  table 2 . CSF pressure as 
measured by lumbar puncture showed a mean of 15.4 cm H 2 O with a standard deviation of 
4.44. Each patient received a spinal tap test with a drainage of 30–40 ml CSF.

  Gait Score 
 Each subtest (walking score, step score, and time score) of the gait score as well as the 

total gait score improved significantly ( fig. 2 a).

Parameter Statistics

Age, years (mean ± SD) 75.7 ± 7.04
Range of age, years 66 – 85
Gender

Female 6 (35.3%)
Male 11 (64.7%)

Age at onset of gait disturb-
ance, years (mean ± SD) 73.1 ± 6.96

NPH symptoms Gait disturbance (n = 17)
Cognitive impairment (n = 17)
Urinary incontinence (n = 12)

Comorbidities Arterial hypertension (n = 17)
Diabetes mellitus (n = 9)
Coronary heart disease (n = 3)

 Table 2. Demographics of patients 
(n = 17)

  Fig. 1.  Conditions of Sensory Organization Test (SOT 1–6). The photos on the left hand side show the CDP 
system in the neuro-otological laboratory. 
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  Computerized Dynamic Posturography 
 Only 14 patients were analyzed by CDP after spinal tap test. One patient refused the 

second examination, 2 patients could not be examined with CDP due to a deterioration of 
general health status. Test scores of CDP became worse with increasing difficulty of the test. 
The six SOT subtests showed significant improvements between pre- and post-tap test in SOT 
2 (eyes closed, stable surface and visual surround), SOT 4 (eyes open, sway-referenced 
surface, and stable visual surround), and SOT 5 (eyes closed, sway-referenced surface, and 
stable visual surround).  Figure 2 b shows the results of all SOT subtests. The composite score 
was significantly improved (p = 0.01) after spinal tap test (before spinal tap test: mean 56.4 
± 24.7 and after spinal tap test: mean 63.5 ± 16.0).

  Sensory analysis revealed the worst performance in vestibular-based subtests, while 
performance in somatosensory and visual-based subtests was much better ( fig. 3 ). In addition, 
somatosensory and visual performance significantly improved after spinal tap test, while 
vestibular performance did not show significant differences between pre- and post-spinal tap 
test.

  Neuropsychological Assessment 
 The total C-score of the neuropsychological assessment did not show any statistical 

difference between pre- and post-spinal tap test ( fig. 2 b).

  Subgroup Analysis 
 Patients were evaluated by a neurologist to access the clinical significance of improve-

ments after spinal tap test.  Figure 4  shows the difference scores of all test variables according 
to both groups. Walking score (p = 0.011) and step score (p = 0.049) showed significant differ-
ences between the groups. In CDP, SOT 6 slightly missed significance (p = 0.05). No differ-
ences were found for the sum of the C-score of the neuropsychological assessment.

  Discussion 

 The gait score showed a significant improvement after spinal tap test in all subtests as 
well as in the sum score. This confirms that gait disturbance represents the NPH symptom 
which improves most and fastest following spinal tap test  [15, 21, 30, 31]  and is generally 

0
Walking

score

10

20

30

p = 0.001

Step
score

p = 0.001

Time
score

p = 0.003 Pre
Post

Total gait
score

p < 0.003

0
SOT 1 SOT 2 SOT 3 SOT 4 SOT 5 SOT 6

25

50

75

100

p = 0.017 p = 0.001 p = 0.009

0
Neuropsychological

total C-score

20

40

60

a b c

  Fig. 2.  Gait scores ( a ), CDP ( b ), and neuropsychological assessment ( c ) before and after spinal tap test. Sig-
nificant differences are marked. Error bars depict 1 standard deviation. 
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seen as a good marker for prognosis after shunt surgery  [19, 30] . Slowness, short stride and 
disequilibrium were described as principal features of NPH gait  [30]  in addition to decreased 
foot-to-floor clearance and a broad-based gait  [15] . After spinal tap test, walking speed, steps 
for turning, and tendency to fall were most likely to improve  [21] . In this context, the gait scale 
 [6, 17]  is a reliable and valid tool to clinically evaluate gait in NPH patients after spinal tap 
test.

  In contrast to improvements of gait, neuropsychological assessment did not reveal signif-
icant changes in a time interval of maximally 72 h after spinal tap test in the current study. 
NPH patients show an impairment of frontal lobe functions that are disproportionately severe 
and memory impairment that is disproportionately mild compared to patients with 
Alzheimer’s disease  [32] . Moreover, it has been shown that cognitive impairment is asso-
ciated with gait disturbance  [33] . 

 Several studies found long-term improvement of cognitive functions after shunt surgery 
 [34–37] , while others failed to demonstrate such an improvement  [14, 20, 38] . However, 
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comparability between studies is hampered both by the use of different neuropsychological 
test batteries and different time intervals between intervention and neuropsychological 
assessment. If cognitive dysfunction persists over more than 2 years before shunt surgery, 
prognosis for cognitive outcome after shunt surgery is poor  [39] . Kubo et al.  [40]  showed an 
improvement of the Mini Mental State Examination and gait status 1 week after spinal tap test 
in NPH patients who were regarded to benefit from CSF tapping according to the idiopathic 
NPH grading scale. The failed proof of cognitive improvement after spinal tap test in our study 
may be due to the very short time interval between spinal tapping and neuropsychological 
assessment. However, the study protocol was designed with focus on postural instability. 
From another point of view, the results indicate that neurocognitive testing may be not 
sensitive enough 72 h after spinal tap test and should therefore be performed after longer 
time intervals.

  CDP showed improvement in SOT 2, 4, and 5 and in the composite score, whilst SOT 1, 3, 
and 6 did not show significant differences between before and after spinal tap test. In addition, 
sensory analysis revealed the best performance in somatosensory and the worst perfor-
mance in vestibular dominated tests. In addition, vestibular dominated tests did not improve 
significantly after spinal tap test, while somatosensory and visually dominated tests did.

  CDP, initially introduced by Nashner in 1987  [29] , allows the collection of reliable data 
on postural stability and balance and the evaluation of the pathological mechanisms involved 
 [41] . CDP and SOT are valid and reliable tests to evaluate postural stability  [42]  and allow the 
differentiation of normal and pathological vestibular function  [43]  with a good test-retest 
reliability in patients older than 65 years of age  [28, 43] .

  Lundin et al.  [25]  used CDP to study postural stability in patients with idiopathic NPH 
before and 3 months after shunt surgery. They found poorer preoperative SOT measure-
ments in all subtests compared with healthy individuals. The greatest difference was found 
in test conditions measuring mainly vestibular function. Three months after shunt surgery, 
improvement was seen in the weighted composite SOT score, but no significant change was 
found in any of the SOT conditions.

  Our study revealed similar results as greatest impairment was demonstrated in SOT 5 
and 6 indicating that the postural disturbance may be dominantly of vestibular origin  [25] , 
which was also demonstrated in secondary sensory analysis with predominantly poorest 
scores in vestibular dominated test situations in our study. In addition, vestibular dominated 
tests did not show significant improvement after spinal tap test contrary to proprioceptive 
and visually dominated tests. Generally, at least one operating vestibular organ is needed to 
perform SOT 5 and 6  [44–48] . Thus, SOT 5 and 6 are the most sensitive test conditions to 
detect central and/or peripheral vestibular dysfunctions  [41] . At first thought, one might 
expect that impaired vestibular performance is caused by disturbed cerebral processing of 
vestibular information. However, a recent study has demonstrated a disturbed otolith 
function in NPH patients  [26] , so that peripheral vestibular dysfunction may also have a 
pathophysiological impact on balance functions in NPH. Therefore, it has to be proved whether 
vestibular rehabilitation strategies may have an additive benefit on postural stability in NPH 
patients after shunt surgery.

  Results from static posturography showed an improvement of postural sway area and 
sway radius with open as well as with closed eyes in NPH patients after shunt surgery 
compared to normal controls  [49] . NPH patients had a larger sway area and a higher backward 
directed velocity of center of pressure than normal controls  [22] . NPH patients showed more 
improvement in postural than in motor functions after shunt surgery. Postural function was 
significantly less in positions with open eyes in the NPH patients than in patients with subcor-
tical arteriosclerotic encephalopathy and healthy controls  [22] . In addition, NPH patients 
swayed more in the sagittal than in the frontal plane and at a higher speed than normal 
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controls. In addition, they were aided to a lesser degree by their vision  [50] . The subjective 
visual vertical tilted towards the patients in combination with the pathological sway pattern 
pointed to a defective internal processing of gravicentric information  [50] .

  In our study, two of the three SOT conditions which improved after spinal tap test were 
independent from visual stimuli (SOT 2 and 5). In contrast, SOT with open eyes (except SOT 
4) did not reveal significantly improved results after spinal tap test. Thus, visual control did 
not severely influence improvement of balance functions, which may correlate to the 
hypothesis of Blomsterwall et al.  [22]  that a misinterpretation of afferent visual stimuli may 
play a pathophysiological role in NPH patients.

  In conclusion, our study reproduced that the gait scale is a good clinical tool to monitor 
improvement of gait early after spinal tap test in NPH patients. CDP showed improvement in 
SOT 2, 4, and 5 and the composite score after spinal tap test. The results suggest that the 
predominant deficit for postural stability is located in the vestibular system. Vestibular func-
tions improved less after spinal tap test than visual and somatosensory functions. In addition, 
conditions which improved best were mainly independent from visual control and are based 
on proprioceptive functions. The strong involvement of the vestibular system as well as the 
lack of effect of spinal tap test on vestibular function raises the question of whether specific 
vestibular rehabilitation strategies in addition to shunt surgery may have additive beneficial 
effects on postural stability.
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