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| Abstract |

1)

groups after the intervention (p < .05). The changes in the
static balance variables were larger in the experimental group

PURPOSE: The purpose of this study was to identify the

than in the control group. The cadence, gait velocity, and

effects of neck stabilization exercise combined with trunk

single leg support increased significantly in both groups after

stabilization exercise on balance and gait function in patients

intervention (p < .05). The changes in the gait variables were

with chronic stroke.

larger in the experimental group than in the control group.

METHODS: Twenty-two chronic stroke patients were

CONCLUSION: Trunk stabilization is a beneficial

included in this study. The experimental group subjects (n =

intervention, but the combination of neck stabilization with

11) performed neck stabilization (15 min) and trunk

trunk stabilization is a more effective method to increase the

stabilization (15 min) exercises, while the control group

gait and static balance in chronic stroke patients.

subjects (n = 11) performed trunk stabilization exercise only
for 30 min. Before and after the intervention, the subjects
underwent static balance and gait testing.

Key Words: Chronic stroke, Balance, Gait, Neck stabilization
Ⅰ. Introduction

RESULTS: The 95% confidence ellipse area, center of
pressure (COP) path length, and COP average velocity were

Stroke generally leads to the patient having an

significantly lower in both groups after the intervention

asymmetrical posture, difficulties of shifting weight to the

compared to before intervention (p < .05). The average stance

paralyzed side, and muscle weakening [1,2]. These factors

force on the affected side increased significantly in both

result in low balance ability, abnormal gait, and difficulties
in performing various functional activities in stroke patients
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[3]. This is usually associated with neurological damage
to the sensory and motor processes of the postural control
system, leading to a decline in the awareness of physical
balance, which is required to maintain a precise orientation
of the trunk and neck [1,2].
Trunk muscle exercises have been used to improve
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postural control. Trunk control is the ability of the trunk

Although neck and trunk stability are essential for

muscles to maintain the body in an upright position, adjust

postural control, balance, and gait [1,4,15], there are no

for a shift in weight distribution, and perform selective

reports on the combined effects of neck and trunk

movements of the trunk to maintain the center of mass

stabilization on balance and gait in chronic stroke patients.

within the support base during static and dynamic postural

To the best of the authors’ knowledge, this study is the

adjustments [4]. The trunk muscles have important roles

first to report the combined effects of neck stabilization

in various functional activities, such as balance and gait

and trunk stabilization exercises on balance and gait in

in stroke patients [4,5], and trunk control has been identified

chronic stroke patients.

as a significant early predictor of a functional outcome
Ⅱ. Methods

following a stroke [6-8]. Core stability training helps
activate the deep trunk muscles through selective pelvis
movement and abdominal contractions [9]. Trunk stability

1. Participants

training through activation of trunk deep muscles improves

Twenty-two chronic stroke patients who agreed to

trunk function, standing balance, and mobility [9]. Several

participate in this experiment were included in this study.

studies have examined the effects of core stability training

Before starting the study, all subjects were informed of

in stroke rehabilitation, and the authors have provided

its content, and all signed an informed consent form. This

evidence that trunk control and core stability training can

study complied with the ethical standards of the World

improve balance, mobility, and daily life activities [9-14].

Medical Association Declaration of Helsinki and was

In addition to trunk control, neck control is vital for

approved by the Ethical Committee of Daegu University

postural stability and balance [15]. With its high density

(1040621-201909-HR-027-02). The subjects of this study

of proprioceptors, such as muscle spindles and the Golgi

were required to meet the following inclusion criteria: 1)

tendon organ, the cervical region has an essential role in

first onset of stroke and onset duration of more than six

an individual’s ability to recognize their spatial orientation

months [15,21]; 2) no cognitive impairment (>24 points

and body position and maintain equilibrium in the changing

on the Mini-mental State Examination-Korean version

environments encountered during daily activities [15-17].

[15,21]; 3) the ability to understand and follow the

In addition, neck muscles exchange relevant information

therapist’s directions [21]; 4) ability to stand and walk 10

through various nervous system networks, such as the

meters independently and without supervision [15]; 5) an

vestibulospinal, vestibulocollic, and the vestibuloocular

absence of other neurological and orthopedic disorders

reflexes, which are involved in controlling the arrangement

[15,21].

of the head and trunk [1,18]. Moreover, neck muscles help
to stably support the head when holding a gaze [1,18,19]

2. Experimental procedures

and help maintain whole-body activity [1,18,20]. Neck

This study employed a pre- and post-test design. Each

stabilization exercises are reported to activate deep neck

subject was assigned randomly to either the experimental

muscles [15]. During neck stabilization exercise, select

group (n = 11) or the control group (n = 11). For

muscles of the neck are contracted, and proprioceptive

randomization, sealed envelopes were prepared in advance

information from cervical region organs is used [15]. Neck

and marked inside with an A or B, indicating the

stabilization exercises are reported to improve postural

experimental group or the control group, respectively. All

control and balance function [15,19].

tests and interventions were performed in a single day.

The Immediate Effects of Neck and Trunk Stabilization Exercises on Balance and Gait in Chronic Stroke Patients | 39

Fig. 1. Study flowchart.

The intervention was provided from 2 pm to 5 pm local

selective movements of the pelvis, and pelvic movements

time. Before intervention, the subject participated in a

combined with ADIM. In this program, the level of exercise

pre-test. The subject received the intervention after

increases in stages according to a set protocol. For ADIM,

completing the pre-test, and following the intervention, the

the subject draws the lower part of the abdomen up and

subject immediately underwent a post-test. Fig. 1 presents

in toward the spine, without moving the trunk or pelvis

a flowchart of the study procedures. Subjects in the

and while continuing to breathe normally. The ADIM is

experimental group performed the neck stabilization

performed in a crook lying position and then in the sitting

exercise (15 min) followed by the trunk stabilization

position. Pelvic control exercises include the following

exercise (15 min), whereas the control group subjects

three planes of movement: anterior-posterior tilt, lateral

performed trunk stabilization exercise only (30 min).

lift, and transverse rotation. The selective movements of
the pelvis were conducted in the sitting position, and

1) Trunk stabilization exercise

compensatory movements were inhibited. The various

Haruyama et al. [9] developed a step-by-step “core

motions were performed repeatedly to the maximum range

stability training” exercise program that uses select pelvic

and were voluntarily performed under a low load level.

exercises that were customized for stroke rehabilitation.

During the pelvic control exercise with ADIM, selective

Their core stability training program consisted of an

pelvic movements were performed while drawing in the

abdominal drawing-in maneuver (ADIM) to selectively

abdomen. If any movement was insufficient, the physical

contract the transversus abdominis (TrA) muscle, other

therapist provided additional verbal instructions, manipulative
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induction, or assistance. The effectiveness of the ADIM

direct observation or palpation. Training commenced at

was judged based on the palpation of a TrA contraction

the target level that the subject could achieve with the

[9,22]. All exercises in the sitting position emphasized an

correct amount of craniocervical flexion and without

upright sitting posture.

dominant use or substitution by the superficial muscles
(sternocleidomastoid, hyoid, and anterior scalene muscles).

2) Neck stabilization exercise

The subjects were instructed to perform slow, controlled

Craniocervical flexor training was used as a neck

craniocervical flexion action. They were then trained to

stabilization exercise. The craniocervical flexor muscle

sustain progressively increasing ranges of craniocervical

training process followed the study protocol reported

flexion based on feedback from the pressure sensor placed

elsewhere [23,24]. The neck stabilization exercise targets

behind the neck. For each target level, the contraction

the deep flexor muscles of the upper cervical region, the

duration was increased by 10 seconds, and the subject was

longus capitis, and the longus colli muscles, rather than

trained to perform 10 repetitions. Once this stage was

the superficial flexor muscles, the sternocleidomastoid

achieved, the exercise progressed to training at the next

muscle, and the anterior scalene muscle, which flex the

target level. The exercises were performed to avoid

neck but not the head [25,26]. The exercise is a low-load

provoking neck pain.

exercise that specifically trains the deep cervical flexors,
rather than all neck flexors, which occurs in the head lift

3. Measurement items

exercise. In this study, the neck stabilization exercise used
a sub-occipitally placed air-filled pressure sensor (Stabilizer

1) Static balance

Pressure Biofeedback Unit, Chattanooga Group Inc.,

A force platform (FDM SX, Zebris, Germany) was used

Hixson, TN 37343, USA) to monitor the subtle flattening

to measure static balance. This force platform was a 55

of the cervical lordosis that occurs with the contraction

cm x 40 cm plate with a 40 cm x 30 cm sensor surface

of the longus colli muscle [23,27]. The subject was

with 1,920 pressure sensors. The sampling rate for the

encouraged by feedback from the pressure sensor to reach

device was 120 Hz. Previous studies reported a good ICC

five pressure targets sequentially in 2 mmHg increments

(> .90) for this system [28,29]. The force platform system

from a baseline of 10 mmHg to a final level of 20 mmHg.

measures the center of pressure (COP) sway path length

The pressure targets used in previous studies ranged from

and determines the average COP sway velocity. A longer

20 mmHg to 30 mmHg, but, in this study, the pressure

COP sway path length or higher COP sway velocity

targets were lowered to a range of 10 mmHg to 20 mmHg

indicates inferior static standing balance performance [30].

because the subjects were chronic stroke patients. The

The confidence ellipse area, which represents the standard

subjects were instructed to gently nod their head as though

deviation of the COP vector [29], and the stance average

they were saying ‘yes’. The physical therapist identified

force, which indicates the weight-bearing proportion of

the target level that the subject could hold steadily for

each foot to the whole, were also measured. In this test,

10 seconds without resorting to retraction, without the

all subjects stood on the platform barefoot with their hands

dominant use of the superficial neck flexor muscles, and

next to their bodies and staring at the wall in front of

without a quick, jerky craniocervical flexion movement.

them [29,31]. The location of each foot was recorded to

Contribution from the superficial muscles was monitored

ensure that the feet were positioned in the same place during

by the physical therapist in all stages of the test by using

reassessment testing [31]. During testing with their eyes
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Table 1. General Characteristics of the Subjects

Age (years)

EG (n = 11)

CG (n = 11)

t

p

66.363 ± 5.937

65.090 ± 6.665

.473

.641

Time Since Onset (month)

17.041 ± 4.891

17.509 ± 5.794

-.204

.840

Height (cm)

161.818 ± 7.222

162.27 ± 7.524

-.145

.887

Weight (kg)

62.272 ± 10.583

63.363 ± 8.936

-.261

.797

Gender (male / female)

5 / 6

6 / 5

Paretic Side (right / left)

5 / 6

5 / 6

Type of Stroke (ischemia / hemorrhage)

7 / 4

5 / 6

Mean ± SD, EG: Experimental group, CG: Control group, *p < .05

open, they were asked to stare at a 15 cm diameter dot

type of distribution for all variables and the intergroup

placed 3 m ahead [31]. Data were captured for ten seconds,

differences, respectively. A paired t-test was used to

and five successful trials were recorded with a thirty-second

compare variables before and after the intervention in each

rest interval between trials [29].

group. The selected level of significance was .05.

2) Gait

Ⅲ. Results

The GAITRite (GaitRite, CIR Systems Inc., USA)
system can be used to evaluate temporal parameters, such

Twenty-two subjects participated in the study

as velocity, cadence, time of swing phase, and stance phase,

(experimental group 11, control group 11). The general

as well as spatial parameters, such as stride length, step

characteristics were similar between the two groups (p >

length, single-limb support, and double-limb support [32].

.05) (Table 1).

The GAITRite mat exhibits excellent reliability for most

Compared to before intervention test results, the 95%

temporospatial gait parameters measured in older subjects

confidence ellipse area, COP path length, and COP average

[33]. To obtain measurements in this study, the subjects

velocity were significantly lower in the experimental group

were instructed to stand 3 m away from the electronic

and control group after the intervention (p < .05) (Table 2).

carpet and walk across the carpet at a comfortable walking

The average stance force on the affected side increased

speed, stopping after walking 3 m past the electronic carpet

significantly in both groups after the intervention (p < .05)

[32]. The measurements were repeated three times with

(Table 2). The changes in the static balance variables were

a three-minute break between measurements to minimize

larger in the experimental group than in the control group

the potential for bias caused by muscle fatigue [32]. The

(Table 2), but there was no significant difference between

average value of the three measurements was calculated

the two groups (p > .05) (Table 2).

and recorded [32].

The cadence, gait velocity, and single leg support
increased significantly in the experimental and control

4. Data processing

groups after the intervention (p < .05) (Table 3). The

SPSS 20.0 software (SPSS Inc., Chicago, IL, USA) was

changes in the gait variables were larger in the experimental

used for all statistical analyses. A Kolmogorov–Smirnov

group than in the control group (Table 3). However, there

test and an independent t-test were used to determine the

were no significant differences between the two groups
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Table 2. Comparison of Static Balance Variables
EG (n = 11)

CG (n = 11)

Pre-test

Post-test

CWG

Pre-test

Post-test

CWG

95% Confidence Ellipse Area (mm²)

1308.454 ± 774.656

822.909 ± 627.034*

-485.545 ± 335.775

1223.090 ± 716.953

828.454 ± 529.592*

-394.636 ± 248.759

COP Path Length (mm)

214.909 ± 101.903

139.090 ± 66.846*

-75.818 ± 60.121

192.363 ± 65.743

129.909 ± 42.176*

-62.454 ± 31.462

COP Average Velocity (mm/sec)

21.363 ± 10.112

13.818 ± 6.764*

-7.545 ± 6.006

19.181 ± 6.675

12.727 ± 4.360*

-6.454 ± 3.077

Stance
Stance Average Force on the Affected Side (%)

30.818 ± 6.968

38.727 ± 5.605*

7.909 ± 4.989

32.363 ± 6.874

38.000 ± 5.744*

5.636 ± 3.443

Mean ± SD, CWG: Changes within groups, EG: Experimental group, CG: Control group, *Significant difference in gains between pre-test and post-test, p < .05

Table 3. Comparison of Gait Variables
EG ( n = 11)

CG (n = 11)

Pre-test

Post-test

CWG

Pre-test

Post-test

CWG

Cadence (steps/min)

59.845 ± 17.567

64.836 ± 17.744*

4.990 ± 2.739

56.290 ± 14.014

60.445 ± 14.085*

4.154 ± 2.003

Gait Velocity (cm/sec)

23.827 ± 10.099

29.027 ± 12.984*

5.200 ± 3.408

22.563 ± 10.309

27.109 ± 12.520*

4.545 ± 3.533

Single Leg Support on the Affected Side (%GC)

20.018 ± 6.915

23.772 ± 8.126*

3.754 ± 2.507

20.236 ± 6.924

23.845 ± 8.168*

3.609 ± 2.273

Mean ± SD, CWG: Changes within groups, EG: Experimental group, CG: Control group, *Significant difference in gains between pre-test and post-test, p < .05

(p > .05) (Table 3).

to improve the balance ability [34]. Another study examined
the effects of trunk stabilization exercise only and combined

Ⅳ. Discussion

neck and trunk stabilization exercises on the balance ability
(COP sway length and limit of stability) in the elderly

In this study, the results of the standing balance variables

[18]. They reported that both exercises effectively improved

(95% confidence ellipse area, COP path length, COP

static balance ability, but the combined neck and trunk

average velocity, and stance average force on the affected

stabilization exercises were more efficient for increasing

side) indicated that both the combination of neck

balance ability in older adults [18]. Our study also found

stabilization with trunk stabilization and trunk stabilization

that performing neck stabilization with trunk stabilization

only are effective methods for achieving standing balance

together is more helpful for increasing balance function

in chronic stroke patients. On the other hand, the

than trunk stabilization only. The reason why the

intervention that included neck stabilization with trunk

combination of neck stabilization with trunk stabilization

stabilization together increased the standing balance to a

is more effective is because patients undergoing combined

greater extent. In this study, all the static balance parameters

treatment receive more information from cervical proprioceptors

are related to postural control, a sense of equilibrium, and

and the vestibular system during the combination treatment.

balance responses. A previous study applied both neck and

Previous studies reported that information coming from

trunk stabilization exercises and reported improved postural

the body and the environment can be delivered

control, sense of equilibrium, and orientation response [34].

simultaneously to the neck and trunk to enable coordination

They observed that neck and trunk stabilization exercises

between head and limb movements, including movement

improved the static balance ability in cerebral palsy

of the neck muscles [1,34,35]. One function of the neck

subjects. Moreover, the neck and trunk were complementary,

muscles is to coordinate the position of the body and head

and the authors indicated that neck stabilization exercises

against the surrounding environment and provide a stable

and trunk stabilization exercises should be applied together

base of support for the visual and vestibular systems during
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postural control [1,34,35]. Peripheral proprioceptive organs

stability has a large effect on gait because neck muscles

in the cervical region, particularly in the upper cervical

and information from the neck to the trunk are connected

muscles, are advantageous for controlling and organizing

with the visual and vestibular systems associated with

somatosensory information related to balance [15], and

postural control [1,34,35].

trunk stabilization and balance are helpful in stroke patients

This study had several limitations. First, the sample size

[9-14]. Furthermore, if neck stabilization exercises, which

was small. Second, this study could not identify the long

use proprioceptive information from cervical region organs,

term or clinical effects of a combination of neck stabilization

are added to trunk exercises, the combination is a more

and trunk stabilization. Given these limitations, additional

effective intervention to help adapt to a changing

research will be needed.

environment by controlling postural perturbations [15].
Ⅴ. Conclusion

In this study, the variable results (cadence, gait velocity,
and single leg support on the affected side) indicate that
both neck stabilization with trunk stabilization and trunk

Trunk stabilization exercise is a beneficial intervention

stabilization only are effective methods for improving the

in chronic stroke patients, but a combination of neck and

gait ability in chronic stroke patients. However, the

trunk stabilization exercises is more effective than trunk

combination intervention (neck and trunk stabilization) is

only exercises in improving gait and static balance in

more helpful for increasing the gait ability. Dubey et al.

chronic stroke patients.
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