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Abstract

Background: Stroke results in an impaired sit to stand (STS) task. Pelvic movements are essential in daily living
activities. Few studies investigated the effect of spine and pelvis separately on functional activities in stroke patients.

Objective: The study aimed to assess the angles of pelvic inclination (anterior and posterior pelvic tilt angles) (APT
and PPT) during sitting position and during STS movement. It aimed also to determine the influence of sagittal
pelvic tilt angles on STS performance in stroke patients.

Patients and methods: Thirty male hemi-paretic stroke patients (GI) and 15 matched healthy volunteer subjects
(GII) represented the sample of this study. Stroke patients were assigned into two equal groups (group Ia and Ib).
Sagittal pelvic tilt angles were measured by using the palpation meter inclinometer during sitting position and
during initiation and mid of STS by using two dimensional (2D) video-based motion analysis system. Time of five
repetitions STS test was used to assess the ability to perform STS task.

Results: The results showed a significant increase of PPT angle during static sitting, a significant decrease in APT
angle during initiation and mid of STS task and a significant increase in time taken for five repetitions STS test in
both stroke groups (P < 0.05).

Conclusion: Abnormal pelvic alignment and movements affect the functional performance of stroke patients
during sitting and sit to stand task.

Trial registration: NCT03053154. Registered January 22, 2017. Retrospectively registered.

Keywords: Stroke, Sitting, Sit to stand, Pelvic inclination, Sagittal pelvic tilt angles, Anterior pelvic tilt angle, Posterior
pelvic tilt angle

Introduction
Stroke is the third cause of mortality in the world and
one of the most common causes of long-term disability
[1]. After stroke, patients have limitations of functional
activities putting many strains on patients and their
caregivers [2]. Sit to stand (STS) task is a complex activ-
ity. It involves movement of all body parts from head to
foot [3]. The ability to perform STS is an essential skill.
It allows the individual to begin locomotion and to inter-
act with the environment [4]. Patients after stroke do
not easily regain the ability to stand up safely from a
chair [5].

Pelvic alignment is the cornerstone of overall body
alignment. It allows efficient movements’ performance
and effective muscle recruitment [6]. The trunk includ-
ing the spine and pelvis acts as a dynamic and stable
core from which the upper and lower limbs move. Con-
trol of the pelvic motion is important in maintaining
whole body balance in different planes [7]. Pelvic move-
ments in lateral and anteroposterior directions are im-
portant to weight bearing and transfers. Pelvic
movements are also integrated in all functional activities
[8]. After stroke, the patient’s pelvis becomes unstable
[9].
Although, numerous studies analyzed trunk movement

during STS task in stroke patients, only few studies ad-
dressed the effect of spine and pelvis separately on func-
tional activities in stroke patients. The range of pelvic
motion is one of the main factors involved in the STS
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activity, but the influence of pelvic angles was not ana-
lyzed during STS movement [10]. There is a crucial need
to have a better understanding of the effect of sagittal
pelvic tilt angles on STS activity and to know the im-
portant factors to be considered to improve the patients’
treatment and performance.

Aim of this work
The aim of the present study was to assess the anterior
and posterior pelvic tilt angles in stroke patients during
sitting position and to analyze the influence of sagittal
pelvic tilt angles on ability to perform STS task during
rising from a chair in stroke patients.

Patients and methods
Thirty male hemi-paretic stroke patients (study group,
group I) and fifteen healthy subjects matched in (age,
sex, height, weight) (control group, group II) participated
in this study. The patients were assigned into two equal
groups (group Ia and Ib). Group Ia included the stroke
patients with right side affection (right hemiparetic).
Group Ib included the stroke patients with left side af-
fection (left hemiparetic). The patients were recruited
from the out-patient clinic for neuromuscular disorder
and its surgery, Faculty of Physical Therapy, Cairo Uni-
versity and out- patient clinic of El-kasr El- Aini Hos-
pital, Faculty of Medicine, Cairo University.
Patients were included with age ranged from 45 to 60

years, BMI ranged from 18.5 to 24.9 kg/m2, duration of
stroke ranged from 6months to 2 years. All the patients
had ability to maintain sitting position without using any
aids and to stand from sitting position five times inde-
pendently without assistance. The degree of spasticity of
paretic lower limb muscles ranged from (1:1+) according
to the Modified Ashworth Scale and the degree of weak-
ness in paretic lower limb muscles was not less than
(grade 3) according to group muscle testing. Patients
with visual, auditory, vestibular deficits or cognitive im-
pairments, leg length discrepancy more than 0.5 cm, and
history of previous strokes or other neurological disor-
ders, any orthopedic problem in back, pelvis, or lower
limbs, were excluded.
All patients were subjected to a full clinical neuro-

logical assessment. Pelvic inclination was assessed by de-
termining sagittal pelvic tilt angles. Each patient was
asked to sit with bare feet crossing arms over chest on
armless chair without back support. The chair was
chosen with the seat level was 100% of patients lower leg
length with the 90° knee flexion angle. Sagittal pelvic tilt
angles were assessed for right then for left side of each
patient during relaxed static sitting position by palpation
meter (PALM) inclinometer [11]. Three measurements
were recorded, and the mean value was calculated. An-
terior pelvic tilt angle (APT) represented as a positive

angle and posterior pelvic tilt (PPT) angle represented as
a negative angle. Sagittal pelvic tilting angles were
assessed for right then for left side of each patient during
STS by using 2D video–based motion analysis system
[12]. It required reflective markers, digital camera, and
special motion analysis software. One reflective marker
was attached over the midline of first thoracic spine.
Two markers were attached over ASIS and PSIS pelvic
landmarks. One marker was placed over the lateral as-
pect of tested lower limb (2/3 thigh) [13]. A digital cam-
era was positioned at a distance of 6.5 m [13]. Each
patient performed two STS trials at a self-selected pace.
Following first trial, the second trial was videotaped. The
resultant videotapes for right and left sides of each pa-
tient were processed during initiation and mid events of
STS [13] by Kinovea® software computer program [14].
After accomplished the measurements of pelvic tilt an-
gles, each patient was assessed by five repetitions STS
test. The time taken to complete five repetitions of the
STS maneuver was recorded by stop watch to assess the
ability to perform STS activity [15].

Statistical analysis
The statistical analysis was done using the Statistical
Package of Social Science Software program, version 21
(SPSS, IBM Inc., Chicago, IL). Descriptive statistics were
used in the form of arithmetic mean and standard devi-
ation for all variables. Inferential statistics were used in
the form of two-way analysis of variance. Mixed design
MANOVA test was used to explore where the significant
differences occurred between affected side of both stroke
groups comparing with corresponding side of control
and between two tested sides within each patient in
three groups. P value was used to indicate the level of
significance (P < 0.05 was considered significant).

Results
There was no statistical difference between stroke
groups and control regarding general characteristics in-
cluding age, height, and weight (P ˃ 0.05).
The results showed a statistically significant increase

of posterior pelvic tilt angle during static sitting position
of affected sides in both stroke groups compared with
control group (Table 1). There was no statistical differ-
ence of posterior pelvic tilt angle between two tested
sides during static sitting position among the three
groups (P ˃ 0.05).
A statistically significant decrease of anterior pelvic tilt

angle showed during initiation and mid of STS move-
ment in both stroke groups compared with control
group (Table 2). During initiation and mid of STS move-
ment, there was a statistically significant decrease of an-
terior pelvic tilt angle of more affected side compared
with less affected side of (GIa), while there was no
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statistical difference between tested sides of both (GIb)
and (GII) (Table 3). The results also showed a statisti-
cally significant increase of time exerted to accomplish
five repetitions STS test in both stroke groups compared
with control group (Table 4).

Discussion
The present study was conducted on male patients as
the prevalence of stroke is higher in males more than fe-
males in Egypt [16] and worldwide [17]. Major gender
differences were shown in the joint angles during phases
of sit to stand movement [18]. Also, pelvic alignment
was different among never-pregnant, pregnant, and post-
partum women [19].
In the current study, the patient’s age ranged from 45

to 60 years to eliminate the effect of age on pelvic tilt an-
gles. Maximum anterior and posterior pelvic tilt angles
were significantly smaller in participants aged over 60
[20]. The duration of illness was not less than 6 months
as the strongest improvements for the execution of STS
movement showed during first 3 months post-stroke
with a leveling off thereafter [21]. It was not more than
2 years to avoid the influence of disuse atrophy of lower
limbs on STS task performance. Obese patients were ex-
cluded from this study to eliminate the effect of obesity
on sit to stand movement strategy. Obese subjects rise
from the chair with limited trunk flexion and with mov-
ing their feet backwards from initial position. They
showed also higher knee joint torque than hip torque
[22]. Patients who had leg length discrepancy more than
0.5 cm were excluded from the study. Pelvic tilt is con-
sidered the most sensitive factor to change due to leg
length discrepancy more than 0.5 cm [23].
The results of the present study showed a significant

increase in the posterior pelvic tilt angle during static
sitting of both stroke groups compared with control.
The results of this study agreed with Martin and Kessler
[24]; O’Sullivan and Schmitz [4]; O’Sullivan and

colleagues [25]; and Hitoshi and colleagues [10]. The re-
sults may be attributed to insufficient co-activation of
abdominal and extensor muscles in stroke patients. In
the sitting position, weakness of abdominal muscles may
make the line of gravity (LOG) placed relatively poster-
ior to the center of gravity (COG) increasing the liability
to fall backwards. Stroke patients may compensate by
sitting with an excessive flexed thoracic spine to place
the LOG anterior to the COG to avoid falling backward
during sitting position [26].
Stroke patients may also compensate by sitting with

excessive posterior pelvic tilt to increase the passive sta-
bility during sitting position. Adequate stabilizing system
of the spine is very important to achieve the ideal
lumbo-pelvic sitting. The three main stabilizing systems
are a passive (osteo-ligamentous system), an active (mus-
culo-tendinous system), and a neural control system
[27]. A stroke impairs the latter two sub-systems. Pos-
tural muscle activity in stroke patients may be decreased
as the lumbo-pelvic region became dependent on the
passive structures to maintain the sitting position against
gravity.
The results may be also attributed to sitting with ex-

cessive flexed thoracic spine in stroke patients may move
the pelvis passively into a posterior pelvic tilt. This may
lead to an approximation of the attachments of abdom-
inal muscles. This impaired length tension relationship
may lead to more asymmetrical weakness.
The results of the current study showed a non-

significant difference between right and left sides within
each patient during static sitting among three groups.
This may be attributed to unilateral brain lesion in
stroke patients may affect the entire abdominal muscles
and influences the position of both ilium bones of the
pelvis. Neurologically, trunk muscles are bilaterally in-
nervated. Tanaka and colleagues [28] stated that weak-
ness of trunk muscles in hemiplegic patients resulted
from the upper motor neuron lesion and disuse. In

Table 1 Mean values of sagittal pelvic tilt angles in degrees (°) of three groups during static sitting by Palpation meter inclinometer

Variable GIa
(affected side)

GII
(right side)

P
value

GIb
(affected side)

GII
(left side)

P
value

Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Pelvic tilt from Static sitting (°) − 14.33 ± 4.35 − 11.20 ± 3.52 0.034* − 16.33 ± 4.25 − 11.47 ± 3.60 0.002*

SD Standard deviation, P probability, Significant P* < 0.05, ° Degree

Table 2 Mean values of anterior pelvic tilt angles during initiation and mid of sit to stand task by two dimensional video based
motion analysis in (GIa), (GIb), and (GII)

Variables GIa
(affected side)

GII
(right side)

P value GIb
(affected side)

GII
(left side)

P
value

Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Pelvic tilt angle during initiation of STS (°) − 11.13 ± 4.85 − 7.53 ± 4.56 0.046* − 11.20 ± 4.72 − 6.87 ± 4.96 0.021*

Pelvic tilt angle during mid of STS (°) 7.87 ± 4.15 14.13 ± 3.9 0.0001* 7.60 ± 5.34 13.80 ± 3.72 0.001*

STS Sit to stand, SD Standard deviation, P probability, Significant P* < 0.05, ° degree
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stroke patients, a unilateral upper motor neuron lesion
may cause muscle weakness on each side of the trunk.
Anatomically, a part from the rectus abdominal muscle
and the rest of the abdominal muscles are attached to
the linea alba through central aponeurosis fascial expan-
sions bilaterally [9].
During initiation of STS movement, the results of the

present study showed a significant decrease of anterior
pelvic tilt angle of both stroke groups compared with
control. These results agreed with Hitoshi and col-
leagues [10]. The results may be attributed to inappro-
priate activation of the trunk muscles. Ideal activation of
the trunk muscles occurs when the pelvis is optimally
aligned with the trunk. The initial motion in transferring
from sitting to standing is the anterior translation of the
upper body by flexing the hips. An erect lumbo-pelvic
sitting is the ideal starting position to allow the patient’s
weight to be translated horizontally during pre-
extension phase. Sitting with a posterior pelvic tilt may
affect patient’s ability to transfer from sitting to standing.
Patients attempt to bring the body weight forward by
larger trunk forward leaning as the patients flex the hips.
This brings the head forward but does not effectively
translate the body mass anteriorly to base of support
(BOS). From this position, it is difficult to transfer to
standing because much of the body weight is still too far
posterior. This may cause the patient to lose the balance
posteriorly and fall back as attempting to stand up [4].
During mid of STS movement, the results of the

current study showed a significant decrease of anterior
pelvic tilt angle of both stroke groups compared with
control. These results may be attributed to lacking of an-
terior pelvic tilt at initiation of STS movement. Poor
starting posture to initiate STS may impair the transfer
of body mass upward in a vertical direction. Stroke pa-
tients initiate STS by excessive flexion of the trunk. This
decreased the hip extension moment and stroke patients

may depend on knee extension moment to stand up. To
efficiently perform STS, the pelvis has to tilt anteriorly
to flex the hip joint and the trunk to use the hip exten-
sion moment, reduce the knee extension moment and
project the center of mass (COM) into the BOS [29].
Two basic strategies are used to transfer from sitting

to standing: momentum-transfer strategy and zero-
momentum strategy [4]. The momentum-transfer strat-
egy involves producing forward momentum as the trunk
and head translate anteriorly by the flexion at the hips
causing the COM to shift toward and over BOS (the
feet). This is followed by a strong concentric contraction
of the lower extremities extensor muscles to lift the body
off the sitting surface. The zero-momentum strategy in-
volves excessive forward flexion of the trunk until the
COM is within the BOS (the feet) prior to seat-off. Due
to lacking of anterior pelvic tilt, stroke patients may also
use this strategy in attempting to transfer and shift
weight anteriorly. Poor alignment of the head and trunk
with the pelvis in preparation to seat off may contribute
to decrease the antigravity extensor activity of the lower
limbs.
During initiation and mid of STS movement, the re-

sults of the current study showed a significant decrease
of anterior pelvic tilt angle of the most affected side
compared with less affected side of each patient in right
hemiparetic group only. There was a non-significant dif-
ference of anterior pelvic tilt angle of the most affected
side comparing with less affected side of each patient in
left hemiparetic and control groups. The significant re-
duction of anterior pelvic tilt may be showed in GIa only
as it was found that humans are generally right leg dom-
inant for mobilization tasks but left leg dominant for
tasks requiring postural stabilization [30]. The results
may be due to stroke leads to bilateral weakness of the
abdominal muscles with the weakness more pronounced
in the most affected side. It was stated that, posterior

Table 3 Mean values of anterior pelvic tilt angles during initiation and mid of sit to stand task between two tested sides of three
groups

Variables Pelvic tilt angle during initiation of STS (°) Pelvic tilt angle during mid of STS (°)

Right Left P value Right Left P value

GIa (mean ± SD) − 11.13 ± 4.85 − 7.87 ± 3.11 0.037* 7.87 ± 4.15 10.73 ± 3.45 0.049*

GIb (mean ± SD) − 9.20 ± 5.71 − 11.20 ± 4.72 0.305 11.00 ± 4.34 7.60 ± 5.34 0.066

GII (mean ± SD) − 7.53 ± 4.56 − 6.87 ± 4.96 0.705 14.13 ± 3.9 13.80 ± 3.72 0.814

STS Sit to stand, SD Standard deviation, P probability, Significant P* < 0.05, ° Degree

Table 4 Mean values of time of five repetitions sit to stand test in three groups

Variable GIa
(mean ± SD)

GII
(mean ± SD)

P value GIb
(mean ± SD)

GII
(mean ± SD)

P value

Time of 5xSTS test (Seconds) 19.77 ± 5.99 9.00 ± 0.94 0.0001* 17.53 ± 4.79 9.00 ± 0.94 0.0001*

5xSTS five repetitions sit to stand, SD Standard deviation, P probability, Significant P* < 0.05, ° Degree
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rotation of the pelvis on the most affected side is the
commonest observational finding seen in stroke [9]. The
results of the present study may be also attributed to the
asymmetrical weight bearing of stroke patients. Stroke
patients cannot bear and transfer weight equally during
rising up from a sitting position. The patients have to
compensate by using the less affected side. Alternation
of pelvic alignment may contribute to decrease weight
acceptance on the most affected lower limb [31]. Pelvic
malalignment may contribute for asymmetric weight dis-
tribution on most affected lower limb during gait in
stroke patients [32].
Time of five repetitions sit to stand test showed a sig-

nificant increase in the current study in both stroke
groups compared with control group. This may be at-
tributed to stroke patients delay the initiation of the STS
movement due to lacking of anterior pelvic tilt move-
ment. Patients also initiate STS in the wrong direction
by excessively increase the forward trunk movement.
Due to the posterior pelvic position and increased thor-
acic kyphosis, patients may become unable to fully shift
weight forward and take a longer duration to rise from a
seated position. The results of this study agreed with
Otao and colleagues [33] who concluded that the ability
to anteriorly tilt the pelvis in patients with stroke during
active exercise may be related to basic movements, such
as the STS movement. The results of this study are also
in agreement with Hitoshi and colleagues [10] who con-
cluded that pelvic anteversion appears to be an import-
ant factor for patients to regain the ability to perform
the STS movement.

Conclusion
The present study highlighted the importance of the as-
sessment of pelvic tilt angles in stroke patients. The re-
sults of this study suggest that there is a relationship
between sagittal pelvic angles and basic functional move-
ments in stroke patients. Inability to tilt the pelvis an-
teriorly in stroke patients has a significant impact on
ability to transfer from sitting to standing. This study
attracted the attention to the importance of normal pel-
vic alignment and pelvic control exercises to improve
the stroke patients functioning. There are very few stud-
ies on pelvic tilt angles and its effect on sit to stand task
in stroke literature. Future studies are needed to address
this gap aiming to improve the stroke patients’ treat-
ment, functioning, and quality of life.
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