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ABSTRACT

AIM: To measure the baseline spinopelvic parameters and characterize the sagittal, and coronal plane deformities in patients with 
idiopathic normal pressure hydrocephalus (iNPH).   
MATERIAL and METHODS: We analyzed a series of patients at one academic institution who underwent ventriculoperitoneal 
shunting for iNPH with pre-shunt standing full length x-rays. The series of patients was enrolled consecutively to minimize selection 
bias. We quantified comorbid sagittal plane spinal deformity based on the Scoliosis Research Society-Schwab classification system 
by assessing pelvic incidence and lumbar lordosis mismatch (PI-LL), pelvic tilt (PT), and sagittal vertical axis (SVA).
RESULTS: Seventeen patients (59% male) were included in this study. Mean (± standard deviation) age was 74 ± 5.3 years with a 
body mass index (BMI) of 30 ± 4.5 kg/m2. Six patients (35%) had marked sagittal plane spinal deformity by at least one parameter: 
five (29%) had greater than 20˚ PI-LL mismatch, three (18%) had >9.5 cm SVA, and one (6%) had PT greater than 30˚. Additionally, 
the thoracic kyphosis exceeded the lumbar lordosis in nine patients (53%).   
CONCLUSION: Positive sagittal balance, with thoracic kyphosis exceeding lumbar lordosis, is common in iNPH patients. This may 
lead to postural instability, especially in patients whose gait does not improve following shunting. These patients may warrant further 
investigation and workup, including full length standing x-rays. Future studies should assess for improvement in the sagittal plane 
parameters following shunt placement.  
KEYWORDS: Idiopathic normal pressure hydrocephalus, Adult spinal deformity, Postural instability, Scoliosis Research Society-
Schwab classification, Health-related quality of life  

ABBREVIATIONS: ASD: Adult spinal deformity, BMI: Body mass index, CSF: Cerebrospinal fluid, cSVA: C2-C7 sagittal vertical 
axis, iNPH: Idiopathic normal pressure hydrocephalus, LL: Lumbar lordosis, PI: Pelvic incidence, PI-LL: Pelvic incidence minus 
lumbar lordosis, PT: Pelvic tilt, SRS-Schwab: Scoliosis Research Society – Schwab, SVA: Sagittal vertical axis, TK: Thoracic 
kyphosis, VP: Ventriculoperitoneal, VPS: Ventriculoperitoneal shunt

Corresponding author: Benjamin D. ELDER   elder.benjamin@mayo.edu

Received: 17.02.2022
Accepted: 01.11.2022

Published Online: 16.03.2023

Original Investigation
DOI: 10.5137/1019-5149.JTN.36555-22.3



472 472 | Turk Neurosurg 33(3):471-476, 2023

Lenartowicz KA. et al: Normal Pressure Hydrocephalus and Spine

█   INTRODUCTION

Idiopathic normal pressure hydrocephalus (iNPH) is 
characterized by the triad of cognitive decline, urinary 
incontinence and gait disturbance, in the setting of 

ventriculomegaly without increased cerebrospinal fluid (CSF) 
pressure (1,20). Gait dysfunction has been reported in 89-100% 
of patients with iNPH (8,17,27,30,31,33) and is defined as a 
hypokinetic, broad-based gait with a forward leaning posture 
(1,5,32). The prevalence of iNPH increases exponentially as 
the age of the patient increases, with a reported incidence of 
0.5 to 5.5 per 100,000 people per year (14,20,22). In the elderly, 
this postural and gait derangement increases the likelihood of 
falls, which are associated with high morbidity and mortality 
(13,19,40). Diversion of CSF via ventriculoperitoneal shunting 
(VPS) is the mainstay of treatment in patients with iNPH, 
although up to 15-20% of continue to note gait dysfunction 
up to 3 years after shunt placement, and patients rarely return 
to the functional level of healthy controls (14,34). 

Adult spinal deformity (ASD) encompasses a broad group 
of structural abnormalities that are more common in the 
elderly and lead to global sagittal and coronal imbalance 
(7,39). Due to increased work required to maintain normal 
posture and subsequent pain, ASD commonly presents 
with gait abnormalities and decreased walking endurance 
(11,21). Similar to iNPH, the prevalence and severity of ASD 
increases in patients greater than 60 years old, with a reported 
prevalence in the literature between 32% and 68% (12,25,36). 
Therefore, both iNPH and ASD may present as a progressive 
impairment in gait and postural instability in elderly patients. 
Due to the overlapping features of iNPH and ASD and the 
relatively high percentage of iNPH patients with persistent gait 
disturbances after VPS placement, we aim toto characterize 
sagittal and coronal plane deformities for patients with iNPH. 

█   MATERIAL and METHODS
Patients 

Approval for this study was obtained from the Mayo Clinic 
institutional review board (IRB no. 19-000836). Standing, 
full-length scoliosis x-rays were obtained for a consecutive 
series of patients from a single institution who underwent 
ventriculoperitoneal (VP) shunt placement for iNPH by the 
senior author. Patients were included in the study over an 
18-month period from December 1, 2017, to June 30, 2019 to 
minimize selection bias.  Standing full length X-rays consisted 
of anterior-posterior and lateral full-length radiographs with 
knees in extension and arms folded in front of the chest. 
We retrospectively collected basic demographic parameters 
including the age, sex, and body mass index (BMI) from the 
electronic medical record. 

A board-certified neurologist and neurosurgeon evaluated 
all patients during workup for iNPH and prior to inclusion 
in this study. All patients had radiographic evidence of 
ventriculomegaly as defined by Evans’ index >0.3, without 
evidence of an obstructive etiology. All patients had 
improvement in their walking following a large volume, 30 mL 

lumbar puncture and were noted to have opening pressures 
less than 25 cm H2O. Gait velocity was assessed over a ten-
meter distance through video recordings of gait which were 
obtained before and after a lumbar tap test as part of the 
diagnostic workup. 

Imaging Metrics

For each patient the senior author measured the spinopelvic 
parameters and spinal deformity as outlined by the Scoliosis 
Research Society-Schwab (SRS-Schwab) ASD classifications 
system for sagittal balance by measuring the following 
spinopelvic parameters: pelvic tilt (PT), pelvic incidence (PI), 
sagittal vertical axis (SVA), and lumbar lordosis (LL) (Figure 
1) (37). The lumbar lordosis was measured by the sagittal 
plane Cobb angle between the superior endplate of L1 and 
superior aspect of the sacrum. Thoracic kyphosis (TK) was 
similarly measured between T2 and T12. Global alignment 
was classified as normal if SVA was less than 4 cm, moderate 
deformity if greater than 4 cm but less than 9.5 cm, and finally, 
marked deformity if greater than 9.5 cm. Pelvic tilt was deemed 
non-pathologic if less than 20°, moderate deformity if greater 
than 20° but less than 30°, and marked deformity if greater 
than 30°. Lumbar lordosis was within normal limits if within 
10° of PI, moderate deformity if mismatch was between 10° 
and 20°, and marked deformity if the mismatch was greater 
than 20°.

Statistical Analysis

The association between gait velocity preceding and following 
high volume lumbar puncture in patients with and without 
marked spinal deformity was determined using an unpaired 
two-tailed student’s t test. We defined statistical significance 
as p<0.05.

Figure 1: Mean gait velocities before and immediately after a 
high-volume lumbar puncture in patients with and without marked 
spinal deformity.
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█   RESULTS
Seventeen patients (ten men, seven women) were identified 
and subsequently included in the study. The average age was 
74 ± 5.3 years, and BMI was 30 ± 4.5 kg/m2. Prior surgeries 
included one lumbar decompression, one hip arthroplasty, 
and two total knee arthroplasties. 

In this cohort, six of 17 (35.3%) patients met at least one 
radiographic criterion for having marked spinal deformity 
(Table I). Pelvic tilt was normal in eight patients (47%), 
moderate deformity in eight patients (47%), and marked 
deformity in one patient (6%). Sagittal vertical axis was normal 
in seven patients (41%), moderate deformity in seven patients 
(41%), and marked deformity in three patients (18%). For 
PI to LL mismatch, four patients (24%) had measurements 
within normal limits, eight patients with moderate deformity 
(47%), and five patients (29%) with marked PI-LL mismatch. 
Six patients demonstrated marked deformity in at least one 
parameter, while no patient demonstrated marked deformity 
in all three parameters. Measurement of TK and LL revealed 
three patients (18%) in which LL exceeded TK, five patients 
(30%) in which TK and LL were comparable, and nine patients 
(53%) where TK exceeded LL (Table II).   

Gait analysis was undertaken through analysis of video 
recordings of patients walking 10 m to determine the gait 

velocity before and after high volume lumbar puncture (Figure 
1). One patient without marked spinal deformity was unable to 
walk 10 m prior to undergoing LP. The mean gait (± standard 
deviation) velocity in the remaining patients (n=10) without 
marked spinal deformity prior to lumbar puncture was 0.54 ± 
0.20 m/s and 0.68 ± 0.19 m/s after lumbar puncture (p=0.13). 
For the six patients with marked spinal deformity the mean 
gait velocity prior to high volume lumbar puncture was 0.57 ± 
0.19 m/s and after high-volume lumbar puncture was 0.65 ± 
0.19 m/s (p=0.49). 

█   DISCUSSION
In a cohort of patients with iNPH and forward leaning posture, 
we found comorbid spinal deformity demonstrating marked 
deformity in at least one radiographic parameter as defined 
by the SRS-Schwab Deformity Classification (37). Deformity 
in any of these parameters is highly associated with reduced 
Health-Related Quality of Life Scores (HRQoL), as well as pain 
and disability in the elderly population (28). Such deformities 
may impact functional outcomes following shunt placement 
for iNPH. In our cohort, 6% of patients demonstrated marked 
PT, 18%% of patients had marked global sagittal imbalance 
defined by SVA, and 30% of patients demonstrated a high 
degree of PI-LL mismatch. Thoracic kyphosis exceeded 
lumbar lordosis in 53% of patients. No significant coronal 
plane, cervical plane, or cervicothoracic sagittal plane 
deformities were observed in our cohort. Finally, mild pelvic 
obliquity was observed in our cohort with a mean pelvic 
obliquity of 2.3 ± 1.9°. 

Positive sagittal imbalance, anterior deviation of the C7 plumb 
line measurement, is highly correlated with Health-Related 
Quality of Life Scores (28), and successful surgical treatment 
with corrective surgery (6,15,16,26,41). Current literature re-
ports an increasing incidence of ASD in patients greater than 
60 years of age (42) and in the majority of patients who under-
go surgery for ASD are older than 65 years of age (2,9). The 
incidence of ASD is poorly defined in the literature, however, 
previous studies report the prevalence of asymptomatic adult 
scoliosis between 1.4% and 32% (12,18,42), and in those 
aged 60 years or older as high as 68% (36). These data repre-
sent a deformity in the coronal plane   with a Cobb exceeding 
10°, while the prevalence of marked sagittal plane spinal de-
formities is likely far lower. A study by Schwab et al. demon-
strated that 24% of healthy patients greater than the age of 60 
years had a Cobb angle higher than 20° (36), while a further 
study of 2973 patients over 40 years of age reported only 57 
patients (1.9%) with moderate or marked sagittal spinal defor-
mity with an angle greater than 24.50° (25). Further research is 
warranted to truly understand the prevalence of marked sag-
ittal spinal deformity in the elderly population and in patients 
with NPH. Due to the disagreement in previous reports and 
paucity of large studies of the prevalence of ASD, it is difficult 
to make direct comparisons. We observed a high rate of tho-
racic hyper-kyphosis in our cohort, with 53% of our patients 
having a thoracic kyphosis exceeding lumbar lordosis, com-
pared to the prevalence of hyper-kyphosis of 20-40% in prior 
reports (23,24,35). While larger scale studies are warrented to 

Table I: Spinal Deformity Parameters in Patients with iNPH 

Number of Patients (%)

PT

< 20°
20-30°
> 30°

8 (47.0)
8 (47.0)
1 (6.0)

SVA

< 4 cm
4-9.5 cm
> 9.5 cm

7 (41.0)
7 (41.0)
3 (18.0)

PI-LL

< 10°
10-20°
> 20°

4 (24.0)
8 (47.0)
5 (29.0)

iNPH: Idiopathic normal pressure hydrocephalus, PT: Pelvic tilt, 
SVA: Sagittal vertical access, PI-LL: Pelvic incidence minus lumbar 
lordosis.

Table II: Relationship Between TK and LL in Patients with iNPH 

Number of Patients (%)

TK < LL 3 (18.0)

TK = LL 5 (29.0)

TK > LL 9 (53.0)

iNPH: Idiopathic normal pressure hydrocephalus, TK: Thoracic 
kyphosis, LL: Lumbar lordosis.
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this study to general clinical practice, though we obtained 
x-rays consecutively to minimize selection bias. Due to our 
methodology, it remains unclear whether these findings 
represent random chance, true correlation between ASD and 
iNPH, or a more complicated causal relationship between 
these two pathologies. As this was a purely descriptive 
study, biomechanical analysis of gait and balance were 
not undertaken. We also did not determine whether these 
patients had symptomatic or asymptomatic adult spinal 
deformity. Further studies that assess health-related quality 
of life measures, pre-operative symptom burden, surgical 
interventions, and follow-up after shunt placement are 
warranted.  Additionally, it would be important to determine if 
the degree of deformity is reversible following shunt placement. 
This would allow a more complete assessment of the clinical 
impact of ASD on patients with iNPH and provide information 
regarding the interplay between VP shunt placement and the 
spinopelvic parameters of ASD. Considering these limitations, 
detailed prospective assessment of these concomitant 
pathologies is warranted in further studies. 

█   CONCLUSION
Comorbid, marked spinal deformity may be present in patients 
with iNPH, which may compound the forward leaning posture, 
postural instability, and gait dysfunction of iNPH. Obtaining 
full length standing x-rays should be considered in the iNPH 
population when there is suspicion for concomitant underlying 
spinal pathology. Future studies are required to better define 
the relationship between these two pathologies.  
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