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Flexed Truncal Posture in Parkinson Disease:
Measurement Reliability and Relationship With Physical

and Cognitive Impairments, Mobility, and Balance

Aimi L. Forsyth, BAppSc (Phty), Serene S. Paul, PhD, BAppSc (Phty)(Hons),
Natalie E. Allen, PhD, BAppSc (Phty) (Hons), Catherine Sherrington, PhD, MPH, BAppSc (Phty),

Victor S. C. Fung, PhD, MBBS (Hons), and Colleen G. Canning, PhD, MA, BPhty

Background and Purpose: Flexed truncal posture is common in peo-
ple with Parkinson disease (PD); however, little is known about the
mechanisms responsible or its effect on physical performance. This
cross-sectional study aimed to establish the reliability of a truncal
posture measurement and explore relationships between PD impair-
ments and truncal posture, as well as truncal posture and balance and
mobility.
Methods: A total of 82 people with PD participated. Truncal pos-
ture was measured in standing as the distance between vertebra C7
and a wall. Univariate and multivariate regression analyses were per-
formed with truncal posture and impairments, including global axial
symptoms, tremor, bradykinesia, rigidity, freezing of gait (FOG), re-
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active stepping and executive function, as well as truncal posture with
balance and mobility measures.
Results: The truncal posture measure had excellent test-retest reli-
ability (ICC3,1 0.79, 95% CI 0.60-0.89, P < 0.001). Global axial
symptoms had the strongest association with truncal posture (ad-
justed R2 = 0.08, P = 0.01), although the majority of the variance
remains unexplained. Post hoc analysis revealed that several impair-
ments were associated with truncal posture only in those who did
not report FOG. Flexed truncal posture was associated with poorer
performance of most balance and mobility tasks after adjustment for
age, gender, disease severity, and duration (adjusted R2 = 0.24-0.33,
P < 0.001-0.03).
Discussion and Conclusions: The C7 to wall measurement is highly
reliable in people with PD. Global axial symptoms were indepen-
dently associated with truncal posture. Greater flexed truncal posture
was associated with poorer balance and mobility. Further studies are
required to elucidate the mechanisms responsible for flexed truncal
posture and the impact on activity.
Video Abstract available for more insights from the authors (see
Video, Supplemental Digital Content 1, http://links.lww.com/JNPT/
A164).

Key words: axial symptoms, bradykinesia, human movement system,
mobility limitation, postural balance

(JNPT 2017;41: 107–113)

INTRODUCTION

F lexed truncal posture affects up to 73% of people with
Parkinson disease (PD),1 which is significantly higher than

the 20% to 40% prevalence of flexed truncal posture reported
in the general older population.2 In both the general older pop-
ulation and the PD population, flexed truncal posture increases
with age.2 Vertebral fractures, degenerative disc disease, back
extensor muscle weakness, and habitual posture are thought
to play a role in the development of flexed truncal posture.2

However, the association between disease severity3 and in-
creased flexed truncal posture in people with PD suggests that
additional mechanisms may play a role in this population.
Axial rigidity is a possible cause with one small study re-
porting an improvement in truncal posture with a reduction in
neck rigidity following the administration of apomorphine.4 In
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contrast, another study did not find a relationship between axial
rigidity and the posture item of the Unified Parkinson Disease
Rating Scale (UPDRS).5 Furthermore, the association of the
other cardinal impairments of PD—tremor, bradykinesia, and
postural instability—with flexed truncal posture has not been
definitively established.

It has also been suggested that flexed truncal posture
could be a compensation for some of the motor impairments
of PD, particularly for bradykinesia and postural instability.6,7

Adopting a flexed truncal posture might facilitate step initi-
ation in people with freezing of gait (FOG).6 Flexed truncal
posture may also be a compensatory mechanism for reduced
balance by protecting against backward displacement of the
center of mass,7 although evidence for this is inconsistent.8

It is likely that flexed truncal posture in people with
PD will adversely affect the performance of everyday activ-
ities. Flexed truncal posture in both people with PD and the
general older population is associated with reduced standing
balance,9,10 altered gait biomechanics,9,10 and an increased
risk of falls.1,11 Difficulties performing these activities are
likely to be due to reductions in the functional limits of stabil-
ity when standing with a flexed truncal posture.9 Furthermore,
greater flexed truncal posture in the general older population
is associated with other negative consequences, including dif-
ficulty performing everyday activities,12 depression,13 and in-
creased mortality.14

Given the adverse consequences associated with greater
flexed truncal posture in the general population and the high
prevalence of flexed truncal posture in PD, it is important to
improve an understanding of both the relationship between
PD impairments and truncal posture and the extent to which
flexed truncal posture is associated with activity limitations in
this population. To explore the relationships outlined earlier,
a reliable measure of truncal posture is required. The distance
between the seventh cervical vertebra (C7) and a wall is a
simple, clinically feasible method of assessing truncal posture
and removes the potentially confounding influence of head
position. This measure is known to be reliable in the healthy
older population,12 but its reliability in the PD population has
not been tested.

The aims of this study were therefore to (i) establish the
reliability of the C7 to wall measure of truncal posture in peo-
ple with PD; (ii) determine whether common PD impairments
are associated with flexed truncal posture, after adjusting for
other factors known to influence posture; and (iii) investigate
the relationship between truncal posture and balance and mo-
bility task performance, after adjusting for other factors known
to influence these activities. We hypothesized that PD impair-
ments, particularly axial symptoms (ie, axial rigidity, gait dis-
order, and postural instability),15 would be associated with
truncal posture, and that balance and mobility tasks would be
negatively affected, with tasks not requiring a change of base
of support being more affected than tasks requiring a change
of base of support.

METHODS
The data used for this cross-sectional study were col-

lected as part of a larger study.16,17 Methods relevant to this
study are described later.

Participants
Community-dwelling participants with idiopathic PD

were recruited via advertisement in a PD association newsletter
and from our university database of people with PD. Partici-
pants 40 years or older who were independently mobile with
or without a walking aid were eligible to participate. Partic-
ipants were excluded if they suffered unstable neurological,
orthopedic, or cardiovascular conditions limiting their abil-
ity to undergo the assessment procedures or which would af-
fect the interpretation of the results of the previously reported
studies16,17—those with symptomatic or unhealed vertebral
fractures and known disc disease were excluded; participants
with osteoporosis were not necessarily excluded. Participants
with significant cognitive impairment (Mini-Mental State Ex-
amination (MMSE) < 24) were also excluded. Testing was
conducted when participants’ PD medication was working op-
timally, typically 1 hour after ingesting the last dose. A battery
of tests was administered in a standardized order by 1 of 2
assessors in a university facility. All participants gave written
informed consent before testing and approval was gained from
the relevant Human Research Ethics Committee.

Outcomes
For the truncal posture measurement, participants were

instructed to stand with their usual truncal posture while keep-
ing their buttocks and back against a wall. Feet were placed
shoulder width apart, typically 2 to 5 cm in front of the wall.
The horizontal distance from C7 to the wall was measured
with a tape measure to the nearest 0.1 cm12 (Figure 1). Test-
retest reliability was calculated from a subset of 31 partici-
pants who underwent a second test 1 week after the baseline
measurement.

A number of PD disease-specific measures were
taken including the total motor examination score of the
Movement Disorders Society–sponsored UPDRS (MDS-
UPDRS),18 Hoehn and Yahr stage,19 and time since PD diag-
nosis. Measures of PD impairment were taken from the motor
section of the MDS-UPDRS. The tremor score was the sum
of scores for postural tremor (item 3.15), kinetic tremor (item
3.16) plus resting tremor (item 3.17), and tremor constancy
(item 3.18) across all body parts. The bradykinesia score was

Figure 1. Truncal posture measurement. Participants stand
with their back and buttocks against the wall. The distance
between the wall and the seventh cervical vertebra is
measured with a tape measure.

Copyright © 2017 Academy of Neurologic Physical Therapy, APTA. Unauthorized reproduction of this article is prohibited.

108 C© 2017 Academy of Neurologic Physical Therapy, APTA



JNPT � Volume 41, April 2017 Flexed Truncal Posture in Parkinson Disease

the sum of scores for finger tapping (item 3.4), hand move-
ments (item 3.5), supination/pronation (item 3.6), toe tapping
(item 3.7), and leg agility (item 3.8). The rigidity score (item
3.3) was the sum of scores for all 4 limbs and the neck. An
axial subscore of the motor examination of the MDS-UPDRS
was calculated in line with previous work to reflect global axial
motor symptoms.20 The axial subscore is the sum of neck and
leg rigidity (item 3.3), leg agility (item 3.8), arising from a
chair (item 3.9), gait (item 3.10), postural stability (item 3.12),
posture (item 3.13), and lower limb resting tremor (item 3.7).
The New Freezing of Gait Questionnaire (NFOGQ)21 was used
to quantify FOG. Measures of reactive stepping and postural
sway were taken to reflect postural instability. The Frontal As-
sessment Battery (FAB)22 was used to quantify executive func-
tion. A short description of these tests and reported reliability
are available in the online Appendix (see Supplemental Digital
Content 2: Appendix, http://links.lww.com/JNPT/A165).

Balance and mobility tasks were categorized into 2
groups: tasks not requiring a change in the base of support
(eg, reaching) and tasks requiring a change in the base of sup-
port (eg, walking) (see the online Appendix). Tasks without a
change in base of support included functional reach and lateral
reach, single leg stand, and coordinated stability. Tasks requir-
ing a change in base of support included the Timed Up and
Go (TUG) test performed as a single task and with a dual cog-
nitive task, walking speed, the 5-repetition sit-to-stand (STS),
and choice stepping reaction time.

Statistical Analyses
To address aim 1, intraclass correlation coefficients

(ICC3,1) were used to determine test-retest reliability of the
truncal posture measure. Excellent reliability was defined as
ICC > 0.75, good 0.60 to 0.74, fair 0.40 to 0.59, and poor less
than 0.40.23

To address aim 2, relationships between PD impairments
(predictor variables) and truncal posture (outcome) were exam-
ined with univariate and multivariate linear regression models.
The multivariate model included age, axial subscore, tremor,
rigidity, bradykinesia, FOG, reactive stepping, and the FAB as
predictors; 8 predictors were chosen for entry into the mul-
tivariate model to ensure that there were at least 10 outcome
cases per predictor variable. A post hoc analysis was performed
to explore the association between the NFOGQ score and the
axial subscore. An interaction term was created by multiply-
ing the axial subscore with the NFOGQ score and these 3
terms were entered into a multivariate regression model. Sep-
arate analyses for participants with and without FOG were
then performed; FOG status was categorized on the basis of
an answer of yes or no to Question 1 of the NFOGQ (ie, “did
you experience freezing episodes in the past month?”).

To address aim 3, relationships between truncal posture
(as a predictor variable) and balance and mobility task per-
formance (outcomes) were examined with univariate linear
regression. For each of the outcomes where truncal posture
was a significant predictor (P < 0.05) in the univariate anal-
ysis, a stepwise multivariate linear regression model incorpo-
rating age, gender, disease severity, and duration as covariates
was developed. For missing data arising from participants who
were physically unable to perform the 5-repetition STS (1% of

participants) or choice stepping reaction time (2% of partici-
pants), a value of the sample mean minus 3 standard deviations
(SDs) was assigned. Data were analyzed using SPSS version
22 (IBM Corp, Armonk, New York).

RESULTS
One hundred thirty-eight volunteers with PD were

screened for inclusion in the study. Thirty-six were ineligi-
ble, and 20 declined to participate. The remaining 82 people
(55 male, 27 female) who participated had a mean time of
7.5 years since PD diagnosis. Participants had slight rigidity
and tremor, slight to mild bradykinesia,18 (Table 1) and mildly
abnormal truncal posture (mean distance C7 to wall = 9.1 cm,
SD = 2.6, range = 4.2–16.4 cm, compared with the general
older population values of a mean distance of 5.2 cm, range
= 0-15 cm).12 They took a mean levodopa equivalent dose of
732 mg/day (SD 430 mg/day). In the subset of 31 participants,
test-retest reliability of the C7 to wall truncal posture mea-
surement was excellent (ICC3,1 = 0.79, 95% CI: 0.60-0.89,
P < 0.001). The standard error of measurement was 1.1 cm
(12.0%).

Association of Impairments With Truncal
Posture

Univariate linear regression showed that increased age,
higher MDS-UPDRS motor score, and a higher axial sub-
score were significantly associated with flexed truncal posture
(Table 1). Cognition as measured by the FAB, the PD subscores
of tremor, rigidity, bradykinesia, and reactive stepping did not
demonstrate a significant association with flexed truncal pos-
ture. The multivariate linear regression model, including age,
axial subscore, tremor, rigidity, bradykinesia, FOG, reactive
stepping, and the FAB, explained 14% of the variability in
flexed truncal posture (adjusted R2 = 0.14, P = 0.01) (Table 2).
Higher axial subscores (β = 0.69, P = 0.001) and lower FOG
scores (β = -0.26, P = 0.04) were the only variables within
the multivariate model that were independently associated with
flexed truncal posture (P < 0.05).

Further post hoc analyses were performed to assist in
understanding the unexpected finding of a nonsignificant rela-
tionship between FOG and posture in the univariate model, but
a significant, negative relationship in the multivariate analysis.
The post hoc analyses suggested that there might be an interac-
tion between the NFOGQ and the axial subscore (interaction
variable P = 0.07). We therefore investigated separate univari-
ate models for participants with and without FOG (Table 3).
Age, higher MDS-UPDRS, higher axial subscore, and male
gender were significantly associated with flexed truncal pos-
ture in participants without FOG. In participants with FOG,
none of the predictors we examined were significantly associ-
ated with flexed truncal posture.

Association of Truncal Posture With Gait and
Balance Activities

Univariate analyses revealed that flexed truncal posture
had a small and significant association with all the tasks not
requiring a change in base of support: functional reach, lat-
eral reach, single leg stand, and coordinated stability scores
(adjusted R2 = 0.05-0.14, P = 0.001-0.02), and with some of
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Table 1. Univariate Models Examining Associations Between Impairments and Truncal Posturea

Explanatory Variables Mean (SD) or N (%) Adjusted R2 P Unstandardized β (95% CI)

Age, y 66.5 (7.6) 0.04 0.04 0.08 (0.01 to 0.54)
Male gender 55 (67) 0.01 0.16 0.87 (−0.35 to 2.09)
MDS-UPDRS motor (0-132) 31.4 (11.5) 0.04 0.046 0.05 (0.001 to 0.1)
HY stage (1-5) 2.0 (0.7) − 0.03 0.32 0.41 (−0.41 to 1.23)
Time since PD diagnosis, y 7.5 (5.7) − 0.01 0.68 0.02 (−0.08 to 0.12)
Bradykinesiab (0-40) 15.7 (7.1) 0.01 0.21 0.05 (−0.03 to 0.13)
Tremorc (0-40) 5.1 (4.9) − 0.01 0.93 0.01 (−0.12 to 0.13)
Rigidityd (0-20) 4.0 (2.5) − 0.01 0.61 0.06 (−0.17 to 0.29)
Axial subscoree (0-44) 7.4 (4.2) 0.08 0.01 0.19 (0.06 to 0.32)
NFOGQ (0-29) 4.8 (7.3) − 0.01 0.62 − 0.02 (−0.10 to 0.06)
Sway on foam, eyes closed, mm 287.7 (147.7) − 0.03 0.73 0.001 (−0.003 to 0.005)
Reactive stepping (0-8) 6.2 (1.8) − 0.01 0.54 0.10 (−0.22 to 0.42)
FABf (0-18) 14.7 (2.1) 0.02 0.11 − 0.23 (−0.51 to 0.05)

Abbreviations: FAB, Frontal Assessment Battery; HY, Hoehn and Yahr; MDS-UPDRS, Movement Disorders Society–sponsored Unified Parkinson’s Disease Rating Scale; NFOGQ,
New Freezing of Gait Questionnaire.

aPosture measured as distance from the 7th cervical vertebra to the wall in standing.
bBradykinesia is the sum of left and right finger tap, hand movements, supination/pronation, toe tap and leg agility.
cTremor is the sum of resting tremor of each limb and lip/jaw, postural and kinetic tremor, and tremor constancy.
dRigidity is the sum of the 4 limbs and neck rigidity score.
eAxial subscore is composed of lower limb resting tremor, neck and lower limb rigidity, leg agility, arising from a chair, postural stability, posture, and gait items of the

MDS-UPDRS.20

fHigh score = better performance. For all other measures, a high score indicates poorer performance.

Table 2. Multivariate Model Examining Associations
Between Explanatory Variables and Truncal Posture
(Adjusted R2 = 0.14, P = 0.01)

Explanatory Variables P Unstandardized β (95% CI) β

Age 0.38 0.03 (−0.04 to 0.11) 0.10
Bradykinesia (0-40) 0.14 − 0.08 (−0.19 to 0.03) − 0.22
Tremor (0-40) 0.61 − 0.03 (−0.15 to 0.09) − 0.06
Rigidity (0-20) 0.12 − 0.22 (−0.50 to 0.06) − 0.21
Axial subscore (0-44) 0.001 0.43 (0.19 to 0.68) 0.69
NFOGQ (0-29) 0.04 − 0.09 (−0.18 to −0.01) − 0.26
Reactive stepping (0-8) 0.20 − 0.24 (−0.61 to 0.13) − 0.17
FABa (0-18) 0.12 − 0.22 (−0.50 to 0.06) − 0.17

Abbreviations: FAB, Frontal Assessment Battery; NFOGQ, New Freezing of Gait
Questionnaire.

aHigh score = better performance. For all other measures, a high score indicates
poorer performance.

the tasks requiring a change in base of support: single- and
dual-task TUG test, and choice stepping reaction time (ad-
justed R2 = 0.06-0.142, P = 0.001-0.02). Truncal posture was
not significantly associated with walking speed or repeated
STS (Table 4). The multivariate model containing truncal pos-
ture as well as disease severity, disease duration, age, and
gender revealed small to moderate associations with the per-
formance of all balance and mobility tasks tested (adjusted
R2 = 0.24-0.33, P = <0.001-0.03). Truncal posture contin-
ued to be independently associated with performance in func-
tional reach, coordinated stability, and single-task TUG test
in multivariate models (β = −0.33 to 0.27, P = 0.002-0.04)
(Table 5).

DISCUSSION
This study found that the C7 to wall measurement of

flexed truncal posture was highly reliable and was indepen-
dently associated with global axial symptoms in people with
PD. In addition, greater flexed truncal posture was associated
with poorer performance on balance and mobility tasks over

and above the contribution of age, gender, disease severity, and
duration.

Reliability of the Truncal Posture Measurement
The simple, clinically feasible C7 to wall measure of

truncal posture showed high reliability in people with PD.
We elected to measure participants’ “usual” truncal posture
rather than their “best upright” truncal posture as this has
been found to better reflect performance in everyday activities
in the general older population.12 Clinicians should consider
using the C7 to wall measurement to assess and monitor flexed
truncal posture in people with PD.

Relationships Between Impairments and Flexed
Truncal Posture

We found that none of the cardinal motor impairments
of PD (ie, bradykinesia, rigidity, tremor, and postural insta-
bility) were associated with flexed truncal posture when con-
sidered individually. Of the variables we examined, only age,
disease severity, and global axial symptoms were significantly
associated with flexed truncal posture. Within the multivariate
model, global axial symptoms continued to show the strongest
association, although FOG also showed a small independent
association.

In our sample, flexed truncal posture was associated with
both age and disease severity, findings consistent with that re-
ported in the general older population.2,24 Our finding that
global axial symptoms were the strongest predictor of flexed
truncal posture supports the assertion that postural abnormali-
ties in PD are one of a group of axial symptoms present in some
forms of the disease.25 Despite suggestions that flexed truncal
posture is at least partly due to increases in axial rigidity,24 we
did not find an association between rigidity and truncal posture.
This may be due to the lack of sensitivity of the measurement
used or the weighting toward appendicular rigidity. Never-
theless, studies using a more sensitive measurement of axial
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Table 3. Univariate Models Examining Associations Between Impairments and Truncal Posture for People With PD Who
Do and Do Not Report Freezing of Gait

Participants Without Freezing of Gait (n = 52) Participants With Freezing of Gait (n = 30)

Explanatory Variables
Mean (SD)
or N (%) Adjusted R2 P

Unstandardized
B (95% CI)

Mean (SD)
or N (%) Adjusted R2 P

Unstandardized
B (95% CI)

Posture, cm 9.2 (2.8) 9.0 (2.3)
Age, y 66.1 (7.9) 0.08 0.02 0.31 (0.02 to 0.21) 67.3 (7.2) − 0.03 0.75 0.02 (−0.11 to 0.15)
Male gender 33 (63.5) 0.06 0.046 1.59 (0.03 to 3.16) 22 (73.3) − 0.03 0.59 − 0.53 (−2.54 to 1.15)
MDS-UPDRS motor 29.9 (11.7) 0.07 0.03 0.07 (0.01 to 0.14) 33.8 (10.9) − 0.03 0.68 0.02 (−0.07 to 0.10)
HY stage (1-5) 1.9 (0.7) 0.02 0.16 0.77 (−0.31 to 1.85) 2.4 (0.6) − 0.03 0.84 − 0.16 (−1.77 to 1.45)
Time since PD diagnosis, y 5.9 (4.4) − 0.01 0.57 0.05 (−0.13 to 0.23) 10.3 (6.7) − 0.03 0.82 0.02 (−0.12 to 0.15)
Bradykinesiaa (0-40) 14.4 (6.8) 0.03 0.10 0.09 (−0.02 to 0.21) 17.9 (7.1) − 0.04 0.99 0.001 (−0.13 to 0.13)
Tremorb (0-40) 6.2 (5.3) − 0.02 0.77 − 0.02 (−0.17 to 0.13) 3.1 (3.2) − 0.01 0.45 0.11 (−0.18 to 0.39)
Rigidityc (0-20) 3.8 (2.2) − 0.01 0.46 0.13 (−0.22 to 0.49) 4.5 (2.9) − 0.04 0.999 0.00 (−0.31 to 0.31)
Axial subscored (0-44) 6.3 (3.8) 0.20 0.001 0.34 (0.15 to 0.53) 9.4 (4.2) 0.02 0.52 0.07 (−0.15 to 0.28)
NFOGQ (0-29) 0 (0) 13.1 (5.9) − 0.03 0.60 − 0.04 (−0.19 to 0.11)
Sway on foam, eyes closed (mm) 277.4 (133.6) − 0.02 0.70 0.001 (−0.005 to 0.007) 306.0 (171.1) − 0.04 0.98 0.00 (−0.01 to 0.01)
Reactive stepping (0-8) 1.6 (1.5) 0.03 0.10 0.43 (−0.09 to 0.95) 2.2 (2.2) − 0.02 0.48 − 0.14 (−0.55 to 0.26)
FABe (0-18) 14.9 (2.0) 0.02 0.11 − 0.29 (−0.67 to 0.10) 14.4 (2.1) − 0.01 0.44 − 0.16 (−0.58 to 0.26)

Abbreviations: FAB, Frontal Assessment Battery; HY, Hoehn and Yahr; MDS-UPDRS, Movement Disorders Society–sponsored Unified Parkinson’s Disease Rating Scale; NFOGQ,
New Freezing of Gait Questionnaire.

aTotal bradykinesia is the sum of left and right finger tap, hand movements, sup/pro, toe tap, and leg agility.
bTotal tremor is the sum of resting tremor of each limb and lip/jaw, postural and kinetic tremor, and tremor constancy.
cTotal rigidity is the sum of the 4 limbs and neck rigidity score.
dAxial subscore is composed of LL resting tremor, neck and LL rigidity, leg agility, STS, postural instability, posture, gait.19

eHigh score = better performance. For all other measures, a high score indicates poorer performance.

Table 4. Univariate Analyses of Associations Between Truncal Posture and Balance and Mobility Tasks

Outcome Mean (SD) Adjusted R2 P Unstandardized B (95% CI)

Tasks not requiring a change in base of support
Functional reach, cma 27.8 (6.9) 0.14 <0.001 − 1.01 (−1.55 to −0.47)
Lateral reach, cma 20.0 (4.8) 0.07 0.01 − 1.05 (−1.84 to −0.27)
SLS, sa 16.5 (9.1) 0.05 0.03 − 1.69 (−3.21 to −0.16)
Coordinated stability score 15.9 (16.62) 0.06 0.01 1.74 (0.38 to 3.10)
Tasks requiring a change in base of support
TUG, s 10.2 (3.1) 0.12 0.001 0.42 (0.18 to 0.67)
TUGcog, s 12.6 (5.0) 0.07 0.01 0.54 (0.13 to 0.95)
Walking speed—preferred, m/sa 1.25 (0.23) 0.01 0.17 − 0.01 (−0.03 to 0.01)
Walking speed—fast, m/sa 1.73 (0.37) 0.02 0.14 − 0.02 (−0.05 to 0.01)
STS, stand/sa 0.50 (0.12) 0.01 0.24 − 0.01 (−0.02 to 0.004)
Choice stepping, step/sa 0.35 (0.08) 0.06 0.02 − 0.01 (−0.02 to −0.002)

Abbreviations: SLS, single leg stand; STS, 5 repetition sit-to-stand; TUG, Timed Up and Go; TUGcog, TUG cognitive.
a High score = better performance. For all other measures, a high score indicates poorer performance.

Table 5. Multivariate Models Examining Associations With Balance and Mobility Tasks

Functional
Reach,a cm

Lateral
reach,a cm

Single leg
stand,a s

Coordinated
Stability Score

Timed Up and
Go, s

Timed Up and
Go Cognitive, s

Choice
stepping,a

step/s
Adjusted R2 (P) 0.24 (<0.001) 0.31 (<0.001) 0.33 (0.001) 0.33 (0.001) 0.24 (<0.001) 0.29 (<0.001) 0.35 (<0.001)

B P B P B P B P B P B P B P

Truncal posture − 0.33 0.002 − 0.17 0.09 − 0.11 0.25 0.20 0.04 0.27 0.01 0.13 0.21 − 0.15 0.13
MDS-UPDRS motor − 0.26 0.01 − 0.26 0.01 − 0.08 0.39 0.16 0.11 0.09 0.38 0.27 0.01 − 0.39 <0.001
Time since PD diagnosis − 0.23 0.02 − 0.10 0.31 − 0.42 <0.001 0.37 <0.001 0.05 0.58 0.14 0.14 − 0.11 0.24
Age − 0.01 0.90 − 0.37 <0.001 − 0.39 <0.001 0.25 0.01 0.37 0.001 0.38 <0.001 − 0.35 <0.001
Male gender 0.11 0.28 0.18 0.06 0.03 0.78 − 0.24 0.01 − 0.1 0.32 0.01 0.90 − 0.05 0.63

Abbreviations: B = standardized B; MDS-UPDRS: Movement Disorders Society–sponsored Unified Parkinson’s Disease Rating Scale.
aHigh score = better performance. For all other measures, a high score indicates poorer performance.
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rigidity26 have also reported no association between rigidity
and truncal posture.

Freezing of gait is also considered to be an axial feature
of PD, so it was expected that worse FOG would be associated
with more severe flexed truncal posture. However, in our sam-
ple, we found a suggestion of an opposite relationship, with
greater flexed truncal posture associated with less FOG. The
mechanism behind this finding is unclear. One possible expla-
nation is that the adoption of a flexed truncal posture might
assist in facilitating gait initiation6 as the center of mass is fur-
ther forward, thereby requiring smaller amplitude anticipatory
postural adjustments to initiate gait.27 It is likely that this com-
pensation would be effective only for a limited time before the
severity of the freezing is unable to be overcome by a change
in truncal posture.2,24,26

Although people with and without FOG had a similar
degree of flexed truncal posture, the variables associated with
flexed truncal posture in each group differed. In participants
without FOG, the pattern of associations was similar to the
whole group. In contrast, we did not identify any factors that
were significantly associated with flexed truncal posture in
participants with FOG, although the small number of partici-
pants might have limited our ability to demonstrate significant
results.

A large proportion (86%) of the variance in flexed trun-
cal posture in PD remains unexplained. Potential contribu-
tors not assessed in this study include spinal proprioception,
visuosensory integration, and musculoskeletal problems. Im-
paired axial proprioception has been identified in people with
PD20 and is an impairment that, like other axial symptoms,
responds poorly to levodopa and is thought to be controlled by
nondopaminergic central structures.26 People with PD show
an increased reliance on vision to maintain truncal posture,28

providing further support for a link between flexed truncal
posture and impaired spinal proprioception. We excluded par-
ticipants who had significant musculoskeletal impairments,
but some participants may have had undiagnosed vertebral
fractures or degenerative disc diseases which are known to be
major risk factors for flexed truncal posture in the general older
population.2,29 Other nonmotor impairments of PD, including
depression and pain, are also potential contributors to flexed
truncal posture, which were not assessed here.

Influence of Truncal Posture on Balance and
Mobility Tasks

Participants with greater flexed truncal posture per-
formed worse in a number of balance and mobility tasks, even
when other demographic factors were taken into considera-
tion. In univariate analysis there were significant but weak
associations between truncal posture and all of the tasks that
did not require a change in base of support, in line with our
hypothesis. Significant relationships were found with func-
tional reach, lateral reach, and the coordinated stability test,
all tasks that require participants to move to their anterpos-
terior and/or mediolateral limits of stability. Flexion of the
thoracic spine can lead to an anterior shift of the center of
gravity,30 reducing the stability margin,8 particularly in the
forward direction,9 and thus impair the postural stability re-
quired to achieve tasks that require leaning balance.30 Recent

research in people with chronic stroke has also found negative
associations with greater flexed truncal posture and balance.31

The authors highlighted the influence of pelvic tilt on truncal
posture and this is an area that merits further investigation in
people with PD.

Flexed truncal posture was found to be associated with
reduced performance of the TUG test, in line with findings
from the general older population.32 However, walking speed
and repeated STS were not associated with flexed truncal pos-
ture in our study. Studies in the general older population report
variable findings regarding the relationship with gait speed,
which may be due to differences in the severity of flexed truncal
posture of participants.32,33 Nevertheless, flexed truncal pos-
ture is associated with poorer postural control during walking,
even when gait speed is maintained.33 A flexed truncal posture
necessitates compensatory changes in the lower limbs, trunk,
and upper limbs that may affect the ability to maintain balance
while walking.10,33 In addition, it is plausible that flexed trun-
cal posture negatively affects the ability to turn in the TUG
test and contributes to the characteristic “en bloc” movement
of the head and trunk observed during turning in people with
PD.34 35

Overall, our findings suggest that flexed truncal posture
has a negative effect on mobility and balance and may con-
sequently have implications for fall risk.33,36 Flexed truncal
posture is a potential target for physical interventions, to ei-
ther improve or possibly prevent its development. Exploring
the efficacy of treating flexed truncal posture in people with
PD is an area worthy of further investigation. Future studies
should evaluate a broader range of impairments in participants
with mild to severe flexed truncal posture to identify other fac-
tors that might contribute to flexed truncal posture in people
with PD.

This study has a number of limitations. Our group of
participants had relatively mild flexed truncal posture12 and
people with severe cardiovascular disease or musculoskeletal
or orthopedic conditions were excluded. While we found no
association between truncal posture and cognition as measured
by the FAB, we cannot preclude that there may be a relationship
between truncal posture and cognition. Participants with an
MMSE score less than 24 were excluded. All testing was done
while participants were “on” medication; thus, we cannot draw
conclusions on the associations of PD impairments with flexed
truncal posture when “off” medication. Overall, our group of
participants had mild to moderate PD, so further studies should
evaluate people with more severe PD as well as a greater range
of flexed truncal postures.

CONCLUSIONS
Global axial symptoms had the strongest association

with flexed truncal posture but nevertheless a multivariate
model, including axial symptoms, accounted for only 14%
of the variance in truncal posture. Further exploration of
the pathogenesis of flexed truncal posture in PD is required.
Greater flexed truncal posture is associated with poorer per-
formance in a number of balance and mobility tasks. Fur-
ther studies are warranted to explore the relationship between
flexed truncal posture and function as well as to examine the
effect of intervention on truncal posture.
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