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[Purpose] The aims of this study were to determine (1) the significance of walking and foot pressure

in stroke patients, and (2) the association between changes in postural alignment of stroke patients. [Subjects and
Methods] Foot pressure and walking ability based on postural alignment were measured in 50 stroke patients.
Trunk imbalance, trunk rotation, pelvic tilt, kyphosis, lordosis were measured using DIERS formetric4D (DIERS
International GmbH, Schlangenbad, Germany), which anlalyzes 3-dimensional spinal structure in order to measure
postural alignment. To determine foot pressure, the support rate of weight and, average foot pressure were measured
using DIERS pedoscan (DIERS International GmbH, Schlangenbad, Germany) apparatus as a pressure platform.
[Results] DIERS formetric 4D, DIERS pedoscan, and a 10 m walking test were utilized to measure foot pressure
and walking ability relative to changes in postural alignment in participating stroke patients. [Conclusion] This
study confirmed the significance of foot pressure and walking ability as related postural alignment, indicating that
postural alignment education and a recovery therapy program for functional improvement of stroke patients should
be provided together.
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INTRODUCTION

Stroke refers to neurological disorders in the central ner-
vous system that are caused by cerebrovascular diseases and
continue for more than 24 hours"). Stroke patients have un-
balanced posture because paralysis leads to muscle atrophy,
which then causes an unbalanced alignment in the structure
of spinal joints?. Evaluation and therapy of postural align-
ment are important as early predictable factors in the overall
daily function of stroke patients®). Improper postural align-
ment of stroke patients causes degradation in balance and
walking because of an increased imbalance between the
right and left sides of the body®. Foot pressure is used as
an index to check the quality of balance and walking. More-
over, foot pressure in of clinical interest in terms of total
foot pressure and pressure applied to specific parts during
daily activities®. When foot pressure exceeds the normal
range, it may cause musculeoskeletal damage as well as
physiological disorders. Furthermore, an imbalanced weight
load in the lower limbs leads to postural malalignment®). An
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imbalanced weight load occurs in 79-87% of stroke patients
because less than 25-43% of weight is loaded on paralyzed
legs”. Imbalanced posture is evident in movements such
as walking, standing and sitting. More weight is loaded on
non-paralyzed lower limbs than on paralyzed lower limbs®.
Instability of posture control and balance between the right
and left sides of the body causes many problems, such as
degradation in balancing ability and posture alignment?).

Gait function is an important factor that determines the
ability of post-stroke patients to function independently dur-
ing activities of daily living!?. Stroke patients typically have
a slow walking cycle. Changes in stride length of the affected
side results in a short stance on that side and a relatively long
phase, with a walking speed of approximately 1/3 of that of
normal people of the same age!D.

Our research aimed, to analyze the factors in posture
alignment that affect foot pressure and walking. This was ac-
complished by targeting stroke patients to provide effective
evaluation according to the changes in postural alignment
and actual data for planning an appropriate therapy program.

SUBJECTS AND METHODS

Study subjects 50 patients hospitalized after the diagnosis
of stroke. Inclusion criteria for the objects were (1) right
hemiparalysis, (2) more than 3 points each on items no. 5, 6
and 7 of the Berg Balance Scale (BBS) on balance evaluation
of standing posture, (3) absence of any orthopedic diseases
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that can affect the experiment, (4) absence of hemi-neglect
symptoms, (5) ability to walk more than 10 m without assis-
tance, (6) ability to understand and follow instructions, (7)
consent to participate, (8) ability to understand the research
objectives, and (9) ability to communicate with more than
24 points on the Korean Mini-mental State Examination
(MMSE-K). All subjects signed the consent form approved
by the Sehan University Institutional Review Board.

Trunk imbalance, trunk rotation, pelvic tilt, kyphosis,
lordosis were measured using DIERSformetric4D (DIERS
International GmbH, Schlangenbad, Germany), which is a
system that analyzes 3-dimensional spinal structure in order
to measure postural alignment. Subjects were imaged, with
their upper body clothing removed and underwear lowered,
exposing the coccyx to facilitate visualization of points on
the sacrum. Subjects were instructed to relax the whole
body by stretching both legs and to maintain a comfortable
standing posture. The procedure was performed over a short
period of time, approximately 0.04—6 s, and pictures of
participants were cropped to include only portions necessary
for the study!'?.

To determine foot pressure, the support rate of weight and
average foot pressure were measured using DIERS pedoscan
(DIERS International GmbH, Schlangenbad, Germany) ap-
paratus as a pressure platform. Measurements were taken
while each subject maintained a comfortable posture, relax-
ing the whole body and stretching both legs on the pressure
platform.

The 10-m walking test, which measures time elapsed
while a subjects walks 10 m on level ground, was performed
to assess walking ability. The test evaluates balance and
walking speed and can be used as a mobility recovery crite-
rion for patients with hemiparalysis.

Data analysis was performed using Windows SPSS
18.0 (SPSS Inc., Chicago, IL, USA). An independent t-test
was used for regularity verification of research targets and
multiple regression analysis was performed to determine
the relationship between foot pressure, balance and postural
alignment according to the measurement. Statistical signifi-
cance level was set a = 0.05.

RESULTS

In multiple regression analysis using average foot pres-
sure on the non-paralyzed side and postural alignment, the
value of F was 0.67, with p= 0.00 explaining a significant
effect on performance. As a result of testing the contribution
level and statistical significance of individual independent
variables on the dependent variables, the independent
variables that affected performance significantly were trunk
imbalance (p=0.04), pelvic tilt (p=0.02), and trunk rotation
(p=0.03). According to the standardized coefficient which
represents the relative contribution level of independent
variables, the factors affecting performance were, in order,
trunk imbalance, pelvic tilt, and trunk rotation (Table 1).

In multiple regression analysis to determine the effect of
postural alignment on the average foot pressure on paralyzed
side, the values of F and p were not significant at 1.25 and
0.31, respectively. As a result of testing the statistical sig-
nificance and contribution level of individual independent

Table 1. Factor affecting average pressure

TEST Non-affected side Affected side
TI 0.91+0.01* 0.72+0.02
PT 0.54+0.03* 0.62+0.04
TR 0.7+0.03* 0.83+0.03
KY 0.61+0.01 0.51+0.01
LOR 0.7+0.01 0.71+0.01

adjusted R?=0.792 adjusted R?=0.391
F=0.67, p=0.00 (p’<0.05) F=1.25, p=0.31 (p’<0.05)
M=+SD (mean =+ standard deviation)

’multiple regression analysis

*p<0.05

TIL: trunk imbalance; PT: pelvic tilt; TR: trunk rotation; KY:
kyphosis; LOR: lordosis; unit: N/cm?

Table 2. Factor affecting weight bearing

TEST Non-affected side Affected side
TI 0.83+0.01* 0.59+0.04
PT 0.76+0.02* 0.8+0.14
TR 0.6+0.08* 0.75+0.06
KY 0.78+0.01 0.99+0.07
LOR 0.67+0.02 0.76+0.08

adjusted R?=0.746 adjusted R?=0.13
F=2.19, p=0.00 (’p<0.05) F=0.66, p=0.50 (p<0.05)

M=+SD (mean + standard deviation)

'multiple regression analysis

*p<0.05

TI: trunk imbalance; PT: pelvic tilt; TR: trunk rotation; KY:
kyphosis; LOR: lordosis; unit: %

variables on the dependent variables, no significance was
shown.

In multiple regression analysis using the weight support
rate of non-paralyzed parts and posture alignment, statistical
value of F was 2.19 with p= 0.00, explaining a significant
effect on of performance. As a result of testing the statistical
significance and contribution level on dependent variables,
independent variables that significantly affected perfor-
mance were trunk imbalance (p=0.05), pelvic tilt (p=0.03),
and trunk rotation (p=0.05). According to the standardize
coefficient, which represents the relative contribution level
of independent variables, performance was affected in order,
by pelvic tilt, trunk rotation, and trunk imbalance (Table 2).

In multiple regression analysis to determine the effect of
postural alignment on the weight support rate on paralyzed
side, the value of F was 0.66, with p= 0.50, indicating no
significant effect on performance. As a result of testing the
statistical significance and contribution level on dependent
variables of individual independent variables on the vari-
ables, no significant relationship was shown.

In multiple regression analysis using walking speed and
postural alignment, the value of F was 0.40, with p= 0.00,
explaining a significant effect on performance. As a result
of testing the contribution rate and statistical significance of
independent variables, the independent variables that signifi-
cantly affected performance were pelvic tilt (p=0.02) and,



lordosis (p=0.04). According to the standardize coefficient,
which represents the relative contribution rate of indepen-
dent variables, performance was affected in order, by pelvic
tilt and lordosis (Table 3).

DISCUSSION

In this study, research was conducted to analyze the fac-
tors of postural alignment that affect balance, weight sup-
port and postural pressure in stroke patients. Stroke causes
substantial changes in posture when weight is being moved
because of imbalanced postural alignment. Furthermore,
after stroke, stable posture is difficult to maintain on a
weight-bearing surface. An imbalanced postural alignment
decreases balancing ability, which ultimately causes prob-
lems in functional activities'?). Alignment of posture should
be included in the performance of functional activities and
daily routines for stroke patients'¥. Lim et al.!> which re-
searched correlation of foot pressure distribution and spinal
alignment in the standing position of normal adults in the
research, reported there was a higher correlation between
spinal alignment and foot pressure distribution. In the same
study, the relationship between foot pressure distribution and
trunk imbalance, trunk rotation, and pelvic tilt was found to
be highly significant. Uhm et al.'® reported significant dif-
ferences between soccer players who used only one side of
the body and those who used both sides in terms of postural
alignment and weight distribution ratios of left-to-right and
front-to-back. Their research also demonstrated, signifi-
cance in weight distribution ratio and postural alignment in
stroke patients, which means that body weight and load are
not distributed uniformly over the feet through the knees and
the ankles because of imbalance in postural alignment. Ver-
heyden et al.'” confirmed that the pelvis moves faster than
the head, resulting in different trends in moving patterns of
normal adults when using both sides of the body and the
pelvis asymmetrically upon walking. According to a study
by Hirose et al.'®, the number of strides and walking abil-
ity between a normal postural alignment group and a non-
alignment group showed a significant difference, confirming
that walking ability decreases more with the occurrence of
lumbar kyphosis. In the research of De Bujanda et al.'” and
others, irregular movements of the pelvis increased when
treadmill walking speed increased. On checking pelvis and
shoulder movements during the treadmill exercise, pelvic
movement in 2 positions and shoulder movement in 1 posi-
tion were different from that in normal people while walk-
ing. The present study confirms the significant relationship
between postural alignment and walking speed of stroke
patients. Thus, postural alignment is considered to be related
to walking speed.

REFERENCES

1) Shah MV: Rehabilitation of the older adult with stroke. Clin Geriatr Med,
2006, 22: 469-489, xi. [Medline] [CrossRef]

2) Brown SH, Vera-Garcia FJ, McGill SM: Effects of abdominal muscle co-
activation on the externally preloaded trunk: variations in motor control
and its effect on spine stability. Spine, 2006, 31: E387-E393. [Medline]
[CrossRef]

3) Hsieh CL, Sheu CF, Hsueh IP, et al.: Trunk control as an early predictor of
comprehensive activities of daily living function in stroke patients. Stroke,

4)

5)

6)

7

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

2945

Table 3. Factor affecting gait velocity

TEST Gait velocity

TI 0.78+0.14

PT 4.57+0.41*

TR 1.22+0.01

KY 0.17+0.07

LOR 0.29+0.09*
adjusted R?=0.77, F=0.40, *p=0.00
(’p<0.05)

M=+SD (mean + standard deviation)
’multiple regression analysis
*p<0.05

TI: trunk imbalance; PT: pelvic tilt;
TR: trunk rotation; KY: kyphosis;
LOR: lordosis; unit: %

2002, 33: 2626-2630. [Medline] [CrossRef]

Karatas M, Cetin N, Bayramoglu M, et al.: Trunk muscle strength in rela-
tion to balance and functional disability in unihemispheric stroke patients.
Am J Phys Med Rehabil, 2004, 83: 81-87. [Medline] [CrossRef]

Dowling AM, Steele JR, Baur LA: Does obesity influence foot structure
and plantar pressure patterns in prepubescent children? Int J Obes Relat
Metab Disord, 2001, 25: 845-852. [Medline] [CrossRef]

Gravante G, Russo G, Pomara F, et al.: Comparison of ground reaction
forces between obese and control young adults during quiet standing on
a baropodometric platform. Clin Biomech (Bristol, Avon), 2003, 18: 780—
782. [Medline] [CrossRef]

Laufer Y, Dickstein R, Resnik S, et al.: Weight-bearing shifts of hemipa-
retic and healthy adults upon stepping on stairs of various heights. Clin
Rehabil, 2000, 14: 125-129. [Medline] [CrossRef]

Kusoffsky A, Apel I, Hirschfeld H: Reaching-lifting-placing task during
standing after stroke: coordination among ground forces, ankle muscle ac-
tivity, and hand movement. Arch Phys Med Rehabil, 2001, 82: 650—660.
[Medline] [CrossRef]

Geiger RA, Allen JB, O’Keefe J, et al.: Balance and mobility following
stroke: effects of physical therapy interventions with and without biofeed-
back/forceplate training. Phys Ther, 2001, 81: 995-1005. [Medline]
Shinohara T, Usuda S: Association of ability to rise from bed with im-
provement of functional limitation and activities of daily living in hemi-
plegic inpatients with stroke: a prospective cohort study. J Phys Ther Sci,
2010, 22: 29-34.

Pohl PS, Perera S, Duncan PW, et al.: Gains in distance walking in a
3-month follow-up poststroke: what changes? Neurorehabil Neural Repair,
2004, 18: 30-36. [Medline] [CrossRef]

Schulte TL, Hierholzer E, Boerke A, et al.: Raster stereography versus
radiography in the long-term follow-up of idiopathic scoliosis. J Spinal
Disord Tech, 2008, 21: 23-28. [Medline] [CrossRef]

Choi AY, Cho WS: The effects of mechanical horseback riding exercise on
the dynamic balance in patients with cerebral infarction. J Korean SocPhy-
Ther. 2014, 26: 123-129.

Horak FB, Henry SM, Shumway-Cook A: Postural perturbations: new in-
sights for treatment of balance disorders. Phys Ther, 1997, 77: 517-533.
[Medline]

Teasdale N, Simoneau M: Attentional demands for postural control: the
effects of aging and sensory reintegration. Gait Posture, 2001, 14: 203-210.
[Medline] [CrossRef]

Uhm YH, Park SK, Yang DJ: Effect of asymmetric exercise to soccer
player's spinal deformity and weight bearing. J Kora cad ClinElen, 2012,
10: 45-52.

Verheyden G, van Duijnhoven HJ, Burnett M, et al. Stroke Association
Rehabilitation Research Centre: Kinematic analysis of head, trunk, and
pelvis movement when people early after stroke reach sideways. Neurore-
habil Neural Repair, 2011, 25: 656—663. [Medline] [CrossRef]

Hirose D, Ishida K, Nagano Y, et al.: Posture of the trunk in the sagittal
plane is associated with gait in community-dwelling elderly population.
Clin Biomech (Bristol, Avon), 2004, 19: 57-63. [Medline] [CrossRef]

De Bujanda E, Nadeau S, Bourbonnais D: Pelvic and shoulder movements
in the frontal plane during treadmill walking in adults with stroke. J Stroke
Cerebrovasc Dis, 2004, 13: 58—69. [Medline] [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/16627089?dopt=Abstract
http://dx.doi.org/10.1016/j.cger.2005.12.012
http://www.ncbi.nlm.nih.gov/pubmed/16741438?dopt=Abstract
http://dx.doi.org/10.1097/01.brs.0000220221.57213.25
http://www.ncbi.nlm.nih.gov/pubmed/12411652?dopt=Abstract
http://dx.doi.org/10.1161/01.STR.0000033930.05931.93
http://www.ncbi.nlm.nih.gov/pubmed/14758293?dopt=Abstract
http://dx.doi.org/10.1097/01.PHM.0000107486.99756.C7
http://www.ncbi.nlm.nih.gov/pubmed/11439299?dopt=Abstract
http://dx.doi.org/10.1038/sj.ijo.0801598
http://www.ncbi.nlm.nih.gov/pubmed/12957566?dopt=Abstract
http://dx.doi.org/10.1016/S0268-0033(03)00123-2
http://www.ncbi.nlm.nih.gov/pubmed/10763788?dopt=Abstract
http://dx.doi.org/10.1191/026921500674231381
http://www.ncbi.nlm.nih.gov/pubmed/11346843?dopt=Abstract
http://dx.doi.org/10.1053/apmr.2001.22611
http://www.ncbi.nlm.nih.gov/pubmed/11276182?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15035962?dopt=Abstract
http://dx.doi.org/10.1177/0888439003260494
http://www.ncbi.nlm.nih.gov/pubmed/18418132?dopt=Abstract
http://dx.doi.org/10.1097/BSD.0b013e318057529b
http://www.ncbi.nlm.nih.gov/pubmed/9149762?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11600323?dopt=Abstract
http://dx.doi.org/10.1016/S0966-6362(01)00134-5
http://www.ncbi.nlm.nih.gov/pubmed/21451115?dopt=Abstract
http://dx.doi.org/10.1177/1545968311401628
http://www.ncbi.nlm.nih.gov/pubmed/14659931?dopt=Abstract
http://dx.doi.org/10.1016/j.clinbiomech.2003.08.005
http://www.ncbi.nlm.nih.gov/pubmed/17903951?dopt=Abstract
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2004.02.006

