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Postural deformities and executive dysfunction (ED) are common symptoms of Parkinson’s disease (PD); however, the relationship
between postural deformities and ED in patients with PD remains unclear. This study assessed the relationship between postural
deformities and ED in patients with PD. Sixty-five patients with sporadic PD were assessed for the severity of postural deformities
and executive function. The severity of postural deformities was scored using the United Parkinson’s Disease Rating Scale item
28 score: no postural deformity (0), mild postural deformities (1), or severe postural deformities (2–4). Executive function was
assessed using the Behavioral Assessment of the Dysexecutive Syndrome (BADS) and an age-controlled standardized BADS score
<70 was defined as ED. Age-controlled standardized BADS scores were compared across the three groups using the Kruskal-Wallis
test. Relationship between ED and the severity of postural deformities was assessed using theMann-WhitneyU test. Age-controlled
standardized BADS score significantly differed among the three groups (𝑃 = 0.005). ED was significantly related to the severity
of postural deformities (𝑃 = 0.0005). The severity of postural deformities was associated with a lower age-controlled standardized
BADS score and ED, and these findings suggest that postural deformities were associated with frontal dysfunction in patients with
PD.

1. Introduction

Parkinson’s disease (PD) is a chronic neurodegenerative
disease characterized by motor symptoms such as akinesia,
rigidity, resting tremor and postural abnormalities, and
nonmotor symptoms including dementia, depression, and
executive dysfunction (ED) [1]. These symptoms have a
major negative impact on the quality of life of patients with
PD [2]. Postural abnormalities in patients with PD include
deformities and instability [3]. Postural deformities such
as stooped posture, camptocormia, anterocollis, dropped
head syndrome, Pisa syndrome, and scoliosis induce clinical
impairment at the late stage of PD [3, 4]. Postural instability is
due to dysfunctional postural reflexes and causes falls and gait
disturbances [3]. Previous studies have reported that postural
deformities in patients with PD were caused by dystonia,
rigidity, impaired proprioception, and kinesthesia; however,
the underlying pathophysiology of postural deformities in

patients with PD is unknown [4]. Some studies have sug-
gested that postural instability and gait disturbance signif-
icantly correlate with ED [5, 6]. However, the relationship
between postural deformities and ED in patients with PD
has not been determined.The Behavioural Assessment of the
Dysexecutive Syndrome (BADS) [7] is a neuropsychological
battery that is used to assess EDwith ecological validity and it
is sensitive to ED in PD patients [8]. We previously evaluated
the relationship between the freezing of gait and ED using the
BADS in patients with PD [9].The present study assessed the
relationship between postural deformities and ED in patients
with PD.

2. Patients and Methods

2.1. Patients. Consecutive patients who were diagnosed with
sporadic PD according to the United Kingdom Parkinson’s
Disease Brain Bank criteria [10] at the Neurology Clinic,
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Table 1: Demographics and disease characteristics of the patients.

No postural deformity Mild postural deformities Severe postural deformities 𝑃

𝑛 20 30 9
Age, years 56.5 (34, 76) 71 (50, 84) 71.5 (57, 84) <0.001∗

Male 12 (60%) 14 (42%) 5 (42%) 0.421
Disease duration, months 60 (12, 228) 57 (1, 138) 89 (36, 216) 0.017∗

HY stage 2 (1, 2) 3 (2, 3) 3.5 (2, 5) <0.001∗

UPDRS total score 24 (13, 41) 38 (20, 61) 57.5 (30, 111) <0.001∗

MMSE score 29 (24, 30) 26.5 (19, 30) 25.5 (6, 30) 0.087
Data are expressed as median (minimum, maximum) or 𝑛 (%).
HY: Hoehn and Yahr; 𝑛: number of patients; MMSE: Mini-Mental State Examination; UPDRS: Unified Parkinson’s Disease Rating Scale.
UPDRS item 28 score of 0, 1, and 2–4 were used to define no postural deformity, mild postural deformities, and severe postural deformities, respectively.
𝑃 values were calculated using the Kruskal-Wallis test or Fisher’s exact test as appropriate.
∗Statistically significant (𝑃 < 0.05).

Nihon University Itabashi Hospital, between December 2006
and October 2008, were enrolled. Patients diagnosed with
other forms of parkinsonism such as dementia with Lewy
bodies [11, 12], drug-induced parkinsonism, vascular parkin-
sonism, and atypical parkinsonism with absent or minimal
responses to antiparkinsonian drugs were excluded. All
patients were assessed using cranial magnetic resonance
imaging and those with intracerebral ischemic changes
including a single asymptomatic lacuna or slight periventric-
ular hyperintensity according to the reported classification
of periventricular hyperintensity [13] were excluded. All
patients were assessed using the United Parkinson’s Dis-
ease Rating Scale (UPDRS) [14] and the Mini-Mental State
Examination (MMSE) based on theDiagnostic and Statistical
Manual of Mental Disorders, 4th edition (DSM-IV) [15].
Executive function was assessed using the BADS [16]. ED
was defined as an age-controlled standardized BADS score
<70 [7, 16]. Informed written consent for participation in the
present study was obtained from each patient according to a
protocol approved by Institutional Research Review Board of
Nihon University.

2.2. Assessment of Postural Deformities. The severity of
postural deformities was assessed using UPDRS item 28
score, which classified patients into five grades according
to severity: (0) normal erect, (1) not quite erect, slightly
stooped posture: it could be normal for older person, (2)
moderately stooped posture, definitely abnormal: it can be
slightly leaning to one side, (3) severely stooped posture
with kyphosis: it can be moderately leaning to one side, and
(4) marked flexion with extreme abnormality of posture.
The patients were classified into three groups according to
UPDRS item 28 score: no postural deformity (score of 0),
mild postural deformities (score of 1), or severe postural
deformities (score of 2–4).

2.3. Statistical Analysis. All data were statistically analyzed
using IBM SSPS statistics for Windows version 22 (IBM
Corp, Armonk, NY). The Shapiro-Wilk normality test was
employed to evaluate whether continuous variables exhibited
a normal distribution. Parametric analysis was applied to
normal data and nonparametric analysis was applied to

nonnormal data. All continuous variables, including age at
the time of assessment, duration of disease fromonset,Hoehn
and Yahr (HY) stage, UPDRS total score, MMSE score, and
age-controlled standardized BADS score, are expressed as
median (minimum, maximum). The categorical variable of
male/female ratio is expressed as a percentage. Differences
in continuous variables across the three groups (no postural
deformity, mild postural deformities, and severe postural
deformities) were assessed using the Kruskal-Wallis test.
The difference in the male/female ratio across the three
groups was assessed using Fisher’s exact test.The relationship
between age-controlled standardized BADS score and the
severity of postural deformities in patients with PD was
assessed using the Kruskal-Wallis test, and when statistical
significance was revealed, post hoc tests were performed with
the following combinations of groups: no postural deformity
versus mild postural deformities, no postural deformity
versus severe postural deformities, and mild postural defor-
mities versus severe postural deformities. The relationship
between the severity of postural deformities and ED was
assessed using theMann-Whitney𝑈 test.The level of statisti-
cal significance for all tests in this study was defined as 0.05.

3. Results

One hundred and forty-eight consecutive patients diagnosed
with the sporadic formof PDwere registered during the study
period, and 65 of these were confirmed as sporadic PD and
appropriately assessed using UPDRS and BADS and were
enrolled in the study.The characteristics of this sample of PD
patients are described elsewhere [17].

Table 1 shows the demographic characteristics of the three
groups of patients with PD. The results of the Kruskal-Wallis
test revealed that age at assessment, disease duration, HY
stage, andUPDRS total score significantly differed among the
three groups. Patients with more severe postural deformities
had an older age, a longer duration of disease, a higher HY
stage, and a greater UPDRS total score.Themale/female ratio
and the MMSE score did not significantly differ among the
three groups.

Table 2 shows that the median age-controlled standard-
ized BADS score for patients with PD who had no postural
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Table 2: Relationship between age-adjusted standardized BADS score and severity of postural deformities in patients with PD.

𝑛 Age-adjusted standardized BADS score 𝑃

No postural deformity 20 97.5 (54, 123)
0.005∗Mild postural deformities 30 76.5 (34, 124)

Severe postural deformities 9 64.0 (19, 109)
Post hoc tests

No postural deformity versus mild postural deformities 0.200
Mild postural deformities versus severe postural deformities 0.134
No postural deformity versus severe postural deformities 0.004∗

Data are expressed as median (minimum, maximum).
BADS: Behavioral Assessment of the Dysexecutive Syndrome; 𝑛: number of patients; UPDRS: Unified Parkinson’s Disease Rating Scale.
UPDRS item 28 score of 0, 1, and 2–4 were used to define no postural deformity, mild postural deformities, and severe postural deformities, respectively.
𝑃 values were calculated using the Kruskal-Wallis test as appropriate.
Post hoc tests were performed to determine the significance of differences between the following combinations of PD groups: no postural deformity versus
mild postural deformities, mild postural deformities versus severe postural deformities, and no postural deformity verus severe postural deformities.
∗Statistically significant (𝑃 < 0.05).

Table 3: Severity of postural deformities in PD patients with and
without ED.

With ED Without ED
No postural deformity 1 19
Mild postural deformities 12 18
Severe postural deformities 6 3
ED: executive dysfunction; UPDRS: Unified Parkinson’s Disease Rating
Scale.
ED was defined as age-controlled standardized score <70 on the Behavioral
Assessment of the Dysexecutive Syndrome battery.
UPDRS item 28 score of 0, 1, and 2–4 were used to define no postural defor-
mity,mild postural deformities, and severe postural deformities, respectively.
Date were analyzed using the Mann-Whitney 𝑈 test.
Postural deformities were significantly more severe in PD patients with ED
(𝑃 = 0.0005).

deformity or mild postural deformities was ≥70 (without
ED) and that for those with severe postural deformities was
<70 (with ED). The age-controlled standardized BADS score
significantly differed among the three groups (𝑃 = 0.005,
Kruskal-Wallis test). Post hoc tests revealed a significant dif-
ference in age-controlled standardized BADS score between
PD patients with no postural deformity and PD patients with
severe postural deformities (𝑃 = 0.004).

Table 3 shows the relationship between the severity
of postural deformities in PD patients and ED. Postural
deformities were significantly more severe in patients with
ED (𝑃 = 0.0005; Mann-Whitney 𝑈 test).

4. Discussion

One-third of all patients with PD develop postural defor-
mities [18]. The more severe postural deformities lead to
back pain, difficulties with walking, breathlessness, unsteadi-
ness leading to falls [4], and impaired activities of daily
life [3, 4, 18]. Dystonia, rigidity, impaired proprioception,
and kinesthesia were previously thought to cause postural
deformities [4]; however, they do not adequately explain the
mechanisms of postural deformities. Deep brain stimulation

of the pallidum to treat camptocormia resulted in no to
modest improvement [4, 19], and such postural deformities
are generally considered to be levodopa nonresponsive [3, 4].
Pisa syndrome associated with Alzheimer’s disease has been
treated with cholinesterase inhibitors [4].

The relationship between ED in patients with PD and
motor symptoms such as falls and pulsion was identified [20,
21].We previously revealed a relationship between freezing of
gait and ED in patients with PD [9], and here we discovered a
relationship between postural deformities and ED evaluated
by the BADS. The BADS is an extensive neurological battery
composed of six subtests that evaluate executive functions
including set shifting, inhibition control, planning, problem
solving, and reasoning [7]. Executive function is mediated
predominantly by the frontal lobe [22, 23]. Although the
MMSE evaluates global cognitive performance such as ori-
entation, registration and short-term recall, attention and
concentration, language, and visuospatial function [15], it
does not sufficiently measure executive functions such as
reasoning, planning, and set shifting [24]. Camptocormia
and abnormal neck posture such as anterocollis were not
reported to be related to MMSE score in patients with PD
[25–27] and this study also did not show an association
between MMSE score and postural deformities in patients
with PD.

In the present study, patients with PD were classified into
three groups according to the severity of postural deformities
defined using UPDRS item 28 score. Those with a score of
1 (mild postural deformities) had stooped posture, whereas
those with a score of 2–4 (severe postural deformities) had
stooped posture and scoliosis [14], which are very common
in the later stages of PD [4]. The results of this study
suggest that scoliosis was significantly associated with frontal
dysfunction.

This study also identified a relationship between severe
postural deformities and more advanced age and longer dis-
ease duration and higher HY stage, indicating an association
between the progression of PD and postural deformities.
A previous study reported that patients with camptocormia
had an older age, a longer disease duration, and a higher
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degree of severity assessed according toHY stage andUPDRS
total score [28]. Another study showed that age and disease
duration correlated with the severity of anterior and lateral
flexion, and dropped head was associated with a higher HY
stage [29].

The pathophysiological mechanism of postural defor-
mities in PD is unclear. Dysfunction of the basal ganglia-
brainstem system and the corticostriatal circuits may be
associated with the pathogenesis ofmotor disturbances in PD
[30]. Frontal executive functions are correlated with motor
function. Frontal-subcortical circuits that connect the frontal
lobe and basal ganglia mediate many aspects of behavior
and cognition [31]. ED is related to dysfunction within
the frontostriatal circuits. Correlations between ED and
motor symptoms including freezing of gait [9] and postural
instability [32] were caused by common pathophysiological
mechanisms linked to frontal-subcortical circuits. In our
study, postural deformities correlated with frontal-executive
function. This might be due to impairment of the cerebral
cortex and the basal ganglia [33]. Postural deformities and
cognitive functions are therefore considered to share a com-
mon pathophysiology.

5. Conclusion

This study is the first to assess the relationship between
postural deformities and frontal function in patients with
PD. The severity of postural deformities was significantly
associated with frontal function in patients with PD.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgment

This work was supported by a grant from the MEXT-
Supported Program for the Strategic Research Foundation at
Private Universities, 2014 (S1291004).

References

[1] D. J. Gelb, E. Oliver, and S. Gilman, “Diagnostic criteria for
Parkinson disease,” Archives of Neurology, vol. 56, no. 1, pp. 33–
39, 1999.

[2] S. Rahman, H. J. Griffin, N. P. Quinn, and M. Jahanshahi,
“Quality of life in Parkinson’s disease: the relative importance
of the symptoms,”Movement Disorders, vol. 23, no. 10, pp. 1428–
1434, 2008.

[3] I. Benatru, M. Vaugoyeau, and J.-P. Azulay, “Postural disorders
in Parkinson’s disease,” Clinical Neurophysiology, vol. 38, no. 6,
pp. 459–465, 2008.

[4] K. M. Doherty, B. P. van de Warrenburg, M. C. Peralta et
al., “Postural deformities in Parkinson’s disease,” The Lancet
Neurology, vol. 10, no. 6, pp. 538–549, 2011.

[5] D. Xu, M. H. Cole, K. Mengersen et al., “Executive function
and postural instability in people with Parkinson’s disease,”
Parkinson’s Disease, vol. 2014, Article ID 684758, 8 pages, 2014.

[6] K. Smulders,M. vanNimwegen,M.Munneke, B. R. Bloem, R. P.
C. Kessels, and R. A. J. Esselink, “Involvement of specific execu-
tive functions in mobility in Parkinson’s disease,” Parkinsonism
and Related Disorders, vol. 19, no. 1, pp. 126–128, 2013.

[7] B. A. Wilson, N. Alderman, P. W. Burgess, H. Emslie, and J. J.
Evans, Behavioural Assessment of the Dysexecutive Syndrome,
Thames Valley Test Company, Bury St. Edmunds, UK, 1996.

[8] S. Kamei, M. Hara, K. Serizawa et al., “Executive dysfunction
using behavioral assessment of the dysexecutive syndrome in
Parkinson’s disease,” Movement Disorders, vol. 23, no. 4, pp.
566–573, 2008.

[9] H. Teramoto, A. Morita, S. Ninomiya, H. Shiota, and S. Kamei,
“Relation between freezing of gait and frontal function in
Parkinson’s disease,” Parkinsonism and Related Disorders, vol.
20, no. 10, pp. 1046–1049, 2014.

[10] W. R. G. Gibb and A. J. Lees, “The relevance of the Lewy body
to the pathogenesis of idiopathic Parkinson’s disease,” Journal of
Neurology, Neurosurgery and Psychiatry, vol. 51, no. 6, pp. 745–
752, 1988.

[11] F. Geser, G. K. Wenning, W. Poewe, and I. McKeith, “How
to diagnose dementia with Lewy bodies: state of the art,”
Movement Disorders, vol. 20, no. 12, pp. S11–S20, 2005.

[12] I. G. McKeith, D. Galasko, K. Kosaka et al., “Consensus
guidelines for the clinical and pathologic diagnosis of dementia
with Lewy bodies (DLB): report of the consortium on DLB
international workshop,”Neurology, vol. 47, no. 5, pp. 1113–1124,
1996.

[13] F. Fazekas, J. B. Chawluk, A. Alavi, H. I. Hurtig, and R. A.
Zimmerman, “MR signal abnormalities at 1.5 T in Alzheimer’s
dementia and normal aging,” American Journal of Roentgenol-
ogy, vol. 149, no. 2, pp. 351–356, 1987.

[14] S. Fahn and R. L. Elton, “Unified Parkinson’s disease rating
scale,” in Recent Developments in Parkinson’s Disease, S. Fahn,
C. D. Marsden, D. Calne, and M. Goldstein, Eds., vol. 2, pp.
153–163, Macmillan, Health Care Information, Florham Park,
NJ, USA, 1987.

[15] M. F. Folstein, S. E. Folstein, and P. R. McHugh, “‘Mini-mental
state’. A practical method for grading the cognitive state of
patients for the clinician,” Journal of Psychiatric Research, vol.
12, no. 3, pp. 189–198, 1975.

[16] H. Kashima, M. Mimura, H. Tabuchi, Y. Moriyama, and M.
Kato, Behavioural Assessment of the Dysexecutive Syndrome,
Shinkoh Igakushuppan, Tokyo, Japan, 2003, (Japanese).

[17] S. Kamei, A. Morita, K. Serizawa, T. Mizutani, and K.
Hirayanagi, “Quantitative EEG analysis of executive dysfunc-
tion in Parkinson disease,” Journal of Clinical Neurophysiology,
vol. 27, no. 3, pp. 193–197, 2010.

[18] R. Ashour and J. Jankovic, “Joint and skeletal deformities in
Parkinson’s disease, multiple system atrophy, and progressive
supranuclear palsy,” Movement Disorders, vol. 21, no. 11, pp.
1856–1863, 2006.

[19] H.-H. Capelle, C. Schrader, C. Blahak et al., “Deep brain
stimulation for camptocormia in dystonia and Parkinson’s
disease,” Journal of Neurology, vol. 258, no. 1, pp. 96–103, 2011.

[20] T. Kurata, N. Hatanaka, N. Morimoto et al., “Pulsion severity
showed a good correlation with cognitive function in Parkin-
son’s disease,”Neurological Research, vol. 36, no. 11, pp. 962–967,
2014.

[21] L. M. Allcock, E. N. Rowan, I. N. Steen, K. Wesnes, R. A.
Kenny, and D. J. Burn, “Impaired attention predicts falling in
Parkinson’s disease,”ParkinsonismandRelatedDisorders, vol. 15,
no. 2, pp. 110–115, 2009.



Parkinson’s Disease 5

[22] K. Uchikawa, M. Inaba, H. Kagami et al., “Executive dysfunc-
tion is related with decreased frontal lobe blood flow in patients
with subarachnoid haemorrhage,”Brain Injury, vol. 28, no. 1, pp.
15–19, 2014.

[23] D. T. Stuss and B. Levine, “Adult clinical neuropsychology:
lessons from studies of the frontal lobes,” Annual Review of
Psychology, vol. 53, pp. 401–433, 2002.

[24] K. L. Chou,M.M.Amick, J. Brandt et al., “A recommended scale
for cognitive screening in clinical trials of Parkinson’s disease,”
Movement Disorders, vol. 25, no. 15, pp. 2501–2507, 2010.

[25] F. Bloch, J. L. Houeto, S. Tezenas DuMontcel et al., “Parkinson’s
disease with camptocormia,” Journal of Neurology, Neurosurgery
and Psychiatry, vol. 77, no. 11, pp. 1223–1228, 2006.

[26] S. Lavault, F. Bloch, J.-L. Houeto et al., “Periodic leg movements
and REM sleep without atonia in Parkinson’s disease with
camptocormia,” Movement Disorders, vol. 24, no. 16, pp. 2419–
2423, 2009.

[27] K. Kashihara and T. Imamura, “Frequency and clinical cor-
relates of retrocollis in Parkinson’s disease,” Journal of the
Neurological Sciences, vol. 324, no. 1-2, pp. 106–108, 2013.

[28] D. Tiple, G. Fabbrini, C. Colosimo et al., “Camptocormia
in Parkinson disease: an epidemiological and clinical study,”
Journal of Neurology, Neurosurgery and Psychiatry, vol. 80, no.
2, pp. 145–148, 2009.

[29] K. Kashihara and T. Imamura, “Clinical correlates of anterior
and lateral flexion of the thoracolumbar spine and dropped
head in patients with Parkinson’s disease,” Parkinsonism and
Related Disorders, vol. 18, no. 3, pp. 290–293, 2012.

[30] K. Takakusaki, J. Oohinata-Sugimoto, K. Saitoh, and T.
Habaguchi, “Role of basal ganglia-brainstem systems in the
control of postural muscle tone and locomotion,” Progress in
Brain Research, vol. 143, pp. 231–237, 2004.

[31] J. L. Cummings, “Frontal-subcortical circuits and human
behavior,” Archives of Neurology, vol. 50, no. 8, pp. 873–880,
1993.

[32] J. R. Nocera, C. Price, H. H. Fernandez et al., “Tests of
dorsolateral frontal function correlate with objective tests of
postural stability in early tomoderate stage Parkinson’s disease,”
Parkinsonism and Related Disorders, vol. 16, no. 9, pp. 590–594,
2010.

[33] H. Murakami, Y. Owan, Y. Mori et al., “Correlation between
motor and cognitive functions in the progressive course of
Parkinson’s disease,” Neurology and Clinical Neuroscience, vol.
1, no. 5, pp. 172–176, 2013.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


