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ABSTRACT  This study aimed to investigate the effects of a short-term core stability exercise on functional
movement and balance in people with mild lower-limb discomfort. Twenty people with mild lower-limb
discomfort were randomly assigned to control (CG) and core stability exercise training groups (SG, n=10
each). The SG completed twenty 30-min training sessions consisting of Pilates exercises for four weeks. Func-
tional movement, balance, and discomfort level were assessed before and after core stability exercise, using
a functional movement test, balance test and visual analogue scale (VAS), respectively. A mixed ANOVA
with repeated measures was performed to determine the differences. SG demonstrated a significant increase
in hurdle step (p = 0.024, group x time effect) and shoulder mobility (p = 0.037, group x time effect). The
dynamic balance scores were significantly increased from the baseline in both limbs (right, p = 0.007; left, p
= 0.011, time effect). Post-hoc pairwise comparisons indicated these increases were significant only in SG.
Additionally, ankle pain was significantly reduced in SG (p = 0.023, group x time effect). This study highlights
that four weeks of core stability exercise can positively affect the lower limbs’ functional movement and bal-
ance in people with mild lower-limb discomfort.
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Introduction

Insufficient physical activity induced by sedentary lifestyle is one of the critical risk factors in diseases
such as cardiovascular diseases, cancer, and diabetes (Bauman & Owen, 1991; Shephard, 1990; Wang et al.,
2019). While proper exercise can reduce the inflammatory response (Beavers et al., 2015), blood pressure
(Wong et al., 2018), and the possibility of metabolic disease (Krankel et al., 2019), modern technology has
led to decrease in physical activity and an increase a sedentary lifestyle (Church et al., 2011). Studies have
reported that people with prolonged, unbroken periods of sitting are more likely to suffer discomforts,
such as minor muscle pain, soreness, and stiffness (Sendergaard, Olesen, Sondergaard, De Zee, & Mad-
eleine, 2010). The persistence of this condition may cause spine dysfunction, resulting in a reduction in
the ability of the musculoskeletal system (Marshall & Gyi, 2010). Given that the human body is a firmly
linked chain system across many joints, any misalignment in the system can damage other parts of the
body (Rivera, 1994).

Core stability exercise has been widely used to improve activities of daily living and sports while keep-
ing the spine stabilized (Barr, Griggs, & Cadby, 2007). The core muscles supporting the lumbar-pelvic-hip
complex include transverse abdominis, diaphragm, pelvic floor muscles, and deep fibres of the lumbar
multifidus. The stabilization of these muscle groups supports the control of trunk motion in all three planes
and, therefore, contributes to body stabilization as well as force and power generation in the movement
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(Kibler, Press, & Sciascia, 2006). The movement in the core stability exercise has its origin in the Pilates
exercise programme, which emphasizes inter-segmental coordination of bodily movement. As such, the
realignment of the body is promoted in core stability exercise based on the fine and continuous nature of
the movement control (Herrington & Davies, 2005). Furthermore, it has been demonstrated that the ef-
fectiveness of core stability exercise in chronic low back pain is facilitated by strengthening the deep spinal
muscles (Hodges, 2003).

The previous literature indicated that the core stability exercise had been implemented mainly to charac-
terize the performance enhancement of athletes (Bagherian, Ghasempoor, Rahnama, & Wikstrom, 2019)
and the improvement of balance and functional movement for the elderly people who fall (Granacher, Goll-
hofer, Hortobagyi, Kressig, & Muehlbauer, 2013). However, there are a limited number of studies assessing
the effect of core stability exercise in healthy adults, rather than in athletes or older populations. Moreover,
the intervention period of core stability exercise was relatively long, as was the duration of the training
session. These long training schedules may hinder the efficiency of the exercise programme, in particular,
not only for those who experience pain or irritation but also for the individuals who are too busy to exercise
regularly. A general exercise programme designed for the healthy population might have a negative influ-
ence on this population; therefore, special care should be given if people suffer from minor discomfort at
the muscular or joint level.

The core stability and its relation to the functional movement have been assessed with a functional move-
ment screen (FMS), which evaluates multi-joint movements related to the core muscle in seven categories
(Cook, Burton, Hoogenboom, & Voight, 2014a). The measurement process focuses on the quantitative
and qualitative evaluation of mobility, stability, asymmetry and limitation of the movement. While the
test tool has been adopted in many sports for injury prevention and rehabilitation, its limited scoring
system might not be sensitive enough to discover the small differences in the effect of the exercise pro-
gramme. Recently, for the precise assessment of physical balance, studies have attempted to incorporate
advanced assessment tools such as balance boards. These measurement systems provide a precise assess-
ment of static as well as dynamic balance control, which may add valuable information in distinguishing
the group- or programme-related differences. However, the applicability of the balance board system in
examining the relationship between core stability exercise and balance has not been tested yet. Moreover,
whether or not the balance board system is sensitive enough to detect the changes in balance that may
exist after the core stability exercise intervention for the people with discomfort in the lower extremity
remains unclear.

To the best of our knowledge, there have not been any studies using the balance board system and Y-BT in
people with discomfort in the lower-limb body. This study aimed to determine the effect of short-term core
stability exercise on functional movement and balance in people with mild lower-limb discomfort. It was
hypothesized that four weeks of core stability exercise would result in an improvement of functional body
movement and balance and could reduce the perceived level of discomfort.

Methods

Participants

Twenty volunteers who experience minor lower-limb discomfort were recruited from the Texas A&M Uni-
versity-San Antonio (TAMUSA) community. Participants were randomly assigned into two groups: control
group (CG; n=10) and stability exercise group (SG; n=10) performing a core stability exercise programme.
The physical characteristics of the participants are shown in Table 1. Individuals who have been deemed not
healthy enough to participate in the study by answering yes to any of the questions on the Physical Activity
Readiness Questionnaire (PAR-Q) were excluded. The aim of the study, procedure, benefits, and possible
risk factors were explained to the participants. A written consent form approved by the Institutional Review
Board was obtained from each participant (IRB #2017-82).

TABLE 1.The Physical Characteristics of the Participants

Variables CG(n=10) SG(n=10)
Age (yr) 25.50+5.70 32.3+£9.9
Height (cm) 170.47+£11.23 161.9+9.4
Weight (kg) 77.72+15.62 75.7£20.3
Body fat (%) 25.27+8.95 25.1£126

Note. Values are mean=SD; BMI: body mass index; CG: control group; SG: stability exercise group.

Core Stability Exercise Programme

The core stability exercise applied in this study was based on the official programme of the Pilates Academy
International-Pilates and Balanced Body University-Pilates methods. The sessions were divided into the
following three stages: 1) rolling motion as a general warm-up, 2) core body and limb exercise consisting
of eight movements, and 3) stretching exercise as a cool down. A video clip containing the exercise pro-
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gramme was uploaded on YouTube so that participants could easily follow the exercise movements at home
by themselves (https://www.youtube.com/watch?v=uDjxxJvCd40). While CG was asked to maintain their
usual lifestyle, SG was required to perform core stability exercise twice a day, three times per week for four
weeks until completing a total of twenty sessions. The researchers asked participants to check-in at least
once a week for the exercise training at school. Participants were required to bring their training logs. The
data from the participants who were not able to complete less than 90% of the total expected training were
excluded from the data analysis in this study.

Measurements

Anthropometric Measurements

Bodyweight and height were measured using a scale and a wall stadiometer (Novel Products, USA). Body
fat percentage was measured with a Biometric device (BX2000, IntelaMetrix, Inc., USA) estimating total
body fat from the ultrasound measurements of three standardized body sites of the thigh, abdomen, and
chest for male, or thigh, suprailiac, and triceps for female, as described by Jackson and Pollock (Jackson &
Pollock, 1978; Jackson, Pollock, & Ward, 1980).

Functional Movement Screen (FMS)

Functional movements were assessed through seven movements (deep squat, hurdle step, in-line lunge,
shoulder mobility, active straight leg raise, trunk stability push-up, and rotary stability) using an FMS test
kit (Professional FMS Test Kit, FMS Inc., USA). Detailed instruction and scoring procedures are addressed
in the previous study (Cook et al., 2014a, 2014b). Two experienced independent raters evaluated each
movement pattern for three trials, and the highest score was used to evaluate the lateral symmetry of the
movement further.

Balance

The balance was tested by using a YBT kit (Y-balance Test Kit, FMS Inc., USA), which examined the max-
imum lower extremity reach of the free leg in the anterior, posteromedial, and posterolateral directions

TABLE 2. Effects of a Four-week Core Stability Exercise on FMS

Variables Group Before After Source F 14
(score)
CG 2.540.5 2.6+0.5 Group 0.375 0555
Deep squat Time 5.063 0.051
SG 24+0.5 2.9+0.3 GxT 3273 0.104
CG 2103 2.00.5 Group 1.000 0343
Hurdle step Time 2.250 0.168
SG 2.0+0.5 2.5+0.5* GxT 7364 0.024
G 24+0.8 26407 Group 0.031 0.864
In-line lunge Time 3.645 0.089
SG 2.2+0.9 2.7+0.5 GxT 1.000 0343
G 23205 2.0+0.7 Group 0.153 0.705
Shoulder mobility Time 1.000 0.343
SG 2.0+0.8 2.1+0.7 GxT 6.000 0.037
G 1.9£0.9 2.1+0.9 Group 0375 0.555
Active straight Time 6.000 0.037
SG 1.9+0.9 2.5+0.5 GxT 1.000 0.343
G 1.8+0.9 2.6:0.7* Group 0.698 0.425
Trunk stability Time 7.500 0.023
SG 24+11 2.6x0.7 GxT 5063 0.051
G 19403 2.0£0.5 Group 0.083 0.780
Rotary stability Time 5.000 0.052
SG 1.7+£0.7 2.1+0.3 GxT 0.802 0.394
G 14.9+2.8 15.9+2.8 Group 0.217 0.653
Total Time 7.754 0.021
SG 14.6+3.9 17.4+1.9% GxT 3.050 0.115

Note. Value are mean=SD; CG: control group; SG: stability exercise group; GXT: group-by-time interaction; *Significant
difference compared with before (p<0.05).
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while participants maintain a unilateral stance with the opposite leg centred on a platform. Three trials were
performed for each direction. The participant's lower-limb reach was normalized to leg length. Composite
reach distance is calculated using the formula: the sum of the three reach directions divided by three times
the lower-limb length, multiplied by 100 (Park, 2016).

The HUMAC Balance System (HUMAC Balance, CSMi, USA) was used to measure the movement charac-
teristics. This test compares participant’s scores with normative data of their age (Girardi, Konrad, Amin,
& Hughes, 2001). It provides visuals and numerical data of the path they travelled while attempting to
maintain balance on different surfaces. The stability score is calculated as follows: “(S standard - A max)/S
standard”, where “A max” is the axis of maximum sway inches as determined at the 95% confidence inter-
val. Participants performed for static balance tests and two dynamic balance tests, respectively. For static
balance measurements, participants were instructed to maintain their balance for 30 seconds in each of four
conditions: 1) with their eyes open while focusing on a red dot on the wall in 1.5 m distance at eye height
while standing on a firm surface (EOFS); 2) with their eyes closed on a firm surface (ECFES); 3) with their
eyes open on a soft surface (EOSS); 4) with their eyes closed on a soft surface (ECSS). For the dynamic bal-
ance measurements, participants performed five sets of squat exercises for 15 seconds in two different types
of surfaces (firm; SF and soft; SS) at 45 bpm.

Muscle Strength

Isometric knee extensor and flexor strength were measured with a hand-held dynamometer (Model 01165,
Lafayette, USA). Participants are seated on a chair with the knee flexed to 90 degrees. The peak force in New-
ton (N) was measured during knee flexion and extension. Two trials were performed for both sides of limbs
in two directions with a 60 seconds rest interval between the trials. Whole-body strength was measured with
a back body dynamometer (NexGen Ergonomics, USA).

TABLE 3. Effects of a Four-week Core Stability Exercise on Balance Control

V?sr::::s Group Before After Source F p
CG 83.1+10.9 84.8+12.5 Group 0.145 0.712
Right Time 11.870 0.007
g %
2 SG 79.0+8.5 85.1£7.0 T 5065 0185
©
g G 83.129.7 84.1+11.4 Group 0.202 0.663
Left Time 10.216 0.011
SG 78.4%7.7 84.716.1% T 611 o1
e O CG 91.8+2.4 91,9423 Group 0.364 0.561
Firymesj:gle Time 0.096 0.764
SG 90.843.0 91.324.3 T 0109 0745
g G 918423  90.436* Group 0441 0523
g Fiféescljffie Time 5.062 0.051
|
T SG 923423 91.323.1 GxT 0.101 0758
o
E CG 86.7+3.3 83.8+3.4% Group 0.227 0.645
g Eye Open )
£ Soft Surface Time 14.548 0.004
& SG 85.5+4.3 83.0+5.8
o P GxT 0.039 0.847
Evecl G 77.546.2 75.8+5.3 Group 0.340 0574
50¥te Su:)f:ie Time 0.163 0.696
SG 73.429.7 76.247.6 GxT 6504 0031
Sauat G 67.9+7.9 63.7410.8 Group 3.584 0.091
= Firquuaf Time 1.077 0.326
S 2 urace SG 5174252 62.9+10.0
2 E A 9£10. GxT 4572 0.061
v c
)
s3 Squat CG 62.1+12.7 58.8+7.7 Group 2.921 0.122
3 Softgtll?face Time 0.932 0.360
SG 46.0+19.8  55.6+13.7 T 7353 0.024

Note. Value are mean=+SD; CG: control group; SG: stability exercise group; GXT: group-by-time interaction; *Significant
difference compared with before (p<0.05).

Discomfort

We assessed the degree of discomfort using the Visual Analogue Scale (VAS). The degree of discomfort in
each body site was expressed as a number between 1 and 10 cm.
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Statistical analysis

All outcome variables were averaged across the trials repeated within each assessment condition. A mixed
ANOVA with repeated measures was performed to determine the between (CG and SG) and within (pre- and
post-intervention) group differences. In the case of violations of the sphericity assumption, F-values were
adjusted with the Greenhouse-Geisser procedure. Significant interaction effects were further analysed using
pairwise comparisons (t-tests). All tests were conducted at a =0.05 and performed using SPSS 19.0 (IBM,
Armonk, NY, USA).

Results

Functional Movement Screen

Descriptive statistics of the effects of the four-week core stability exercise on FMS are presented in Table 2. A
significant group-by-time interaction was observed in hurdle step and shoulder mobility (p<.05). Post-hoc
analysis indicated that while SG did improve the score of hurdle step after a four-week core stability exercise
intervention, the shoulder mobility score did not change significantly in SG. There was a significant main
effect of time on active straight, trunk stability, and total FMS score (p<.05). Only SG showed a significant
increase in the total FMS score (p<.05).

Balance

The effects of core stability exercise on balance measures are presented in Table 3. There was no significant
group-by-time interaction for any of the variables in the Y-balance test. However, a significant main effect
of time on both right (p<.01) and left (p<.05) limb, post-hoc pairwise comparisons indicated a significant
increase in the balance of both limbs only in SG (p<.05).

The results of static and dynamic balance measured with the balance board showed significant interaction
effect between group and time in both static (ECSS) and dynamic (SS) balance performed on the soft surface
(p<.05). There was a significant main effect of time in EOSS (p<.01), and a comparison between pre- and
post-intervention indicated a significant decrease in stability score in CG (p<.05), whereas SG exhibited a
similar static balance control.

Muscle Strength

Lower-limb and whole-body muscle strength did not change significantly for both groups (Table 4). While
a significant main effect of time on right leg flexion was detected, post hoc comparisons failed to show the
difference between pre- and post-intervention for both groups.

TABLE 4. Effects of a Four-week Core Stability Exercise on Strength

Variables

(kg) Group Before After Source F p
Right Leg led 40.7+12.6 3814123 Group 0.039 0.848
Extension Time 1.907 0.201

RLE

(RLE) SG 32.5+15.5 36.4+16.7 GxT 0.003 0.955
Right Leg led 25.2+8.0 27.1+8.4 Group 0.935 0359

Flexion Time 11.317 0.008

RLF

(RLF) SG 25.4+4.8 26.6+10.6 GxT 0.005 0.946

Left Leg led 33.4+93 35.9+6.2 Group 0.746 0410
Extension Time 0.081 0.782
LLE
(LLE) SG 34.2412.9 36.5+14.7 CxT 2774 0130
Left Leg led 24.7+5.38 28.1%5.9 Group 0.002 0.963
Flexion Time 1.120 0.317
LLF
(LLF) SG 22.9+5.0 26.1+8.8 CxT 0033 0.861
Wholebody ~ CG 255.8+91.8 258.0+92.6 Group 1.358 0.274
muscle Time 4.646 0.059
trength
streng SG 191.9+81.2 235.8+82.6 CxT 2.403 0156

Note. Value are mean%SD; CG: control group; SG: stability exercise group; GXT: group-by-time interaction.

Discomfort

Table 5 showed the exercise-induced change in VAS. There was a significant interaction between group and
time in ankle pain (p<.05), and the VAS score of ankle pain was significantly reduced in the SG. A significant
main effect of time was shown in knee pain, but no significant time-related changes for both groups were
detected by post hoc comparisons.
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TABLE 5. Effects of a 4-week Core Stability Exercise on VAS

Variables Group Before After Source F 14
(cm)

CG 13415 0.9+0.9 Group 0.277 0.611
Body pain Time 3.608 0.090
SG 1.9+1.8 1.2+1.8 GxT 0.123 0.734
G 22419 1.6£1.5 Group 0.000 0.988
Exercise pain Time 2.709 0.134
SG 2.1£2.2 1.7£1.9 GxT 0.026 0.876
G 2114 22414 Group 1428 0.263
Waist pain Time 0.509 0.494
SG 1.4+1.7 1.0£1.7 GxT 1.09 0.324
G 2.0+1.7 1.0£1.2 Group 0.000 0.996
Knee pain Time 5.791 0.039
SG 1.6+1.8 1.4+2.1 GxT 2.098 0.181
G 1.942.1 23422 Group 2161 0176
Pelvis pain Time 0.003 0.957
SG 1.0+£1.9 0.6+£0.9 GxT 1935 0.198
G 1.140.9 1.0£1.3 Group 0355 0.566
Ankle pain Time 4,683 0.059
SG 2.1+2.2 0.5+0.9 GxT 7.488 0.023

Note. Value are mean=SD; CG: control group; SG: stability exercise group; GXT: group-by-time interaction.

Discussion

The objectives of this study were twofold: (1) to determine the effect of core stability exercise on functional
body movements and balance in people with discomfort in their lower limbs, and (2) to assess whether a
balance board system can be used in conjunction with Y-balance test in evaluating balance control. Our
first hypothesis was partially supported by measures of FMS, balance, and VAS. Our second hypothesis was
supported by the increased balance control in both static and dynamic balance conditions and confirmed the
validity of using the balance board system in assessing the effects of core stability exercise on balance control.

The hurdle step, shoulder mobility, and FMS total score were significantly increased in SG after the exercise
intervention. The successful completion of the hurdle step test without compromising body balance proves
that movement functions were improved in a four-week intervention period. It is also likely that the observed
increases in shoulder joint mobility are associated with enhanced upper limb function, such as a relaxation of
the muscle through the stretching motions in the exercise programme. While the effectiveness of core stability
exercise has been addressed across a wide range of groups even including the highly active collegiate athlete
(Lasey & Donne, 2019), these current findings further suggest its applicability to the group experiencing
discomfort in their lower limbs. However, it seems premature to generalize the significance of reduced inter-
vention period and duration employed in this study to other contexts.

Balance control ability exhibited a significant improvement after exercise intervention. The YBT outcome
indicated that the dynamic balance and functional symmetry were improved so that it reduces their risk of
injury. The existing literature indicates that the YBT can evaluate the coordination of the lower-limb body
and the dynamic equilibrium ability. Previous studies have used the YBT not only for the healthy adults and
adolescents but also for athletes with a sprain or chronic instability in their lower limbs. The measurement
reliability of Y-balance was reported to be about 0.82 to 0.87; it seems likely that it is sufficient to produce re-
liable results. However, we also understand that the Y-balance test may not be an ideal test for the participant
with minor lower-limb discomfort. While the convenience and reliability of YBT have been demonstrated
sufficiently, the measure of static balance provides additional information on the balance control. As ex-
pected, the intended use of the balance board system in this study further revealed an improvement in static
balance control, which is considered to be controlled independently from the dynamic balance (Rose et al.,
2002). However, interestingly, the improvement of both static and dynamic balance in SG exhibited in more
challenging conditions, rather than the firm surface. Presumably, the participants’ level of discomfort in this
study might not be severe enough to interfere with the maintaining of equilibrium while in a stationary po-
sition. We did not conduct the reliability and construct validity to test the balance board in this study. Even
though the reliability and concurrent validity of the HUMAC Balance System have been tested and verified as
moderate to good in previous studies, they can be still considered to be limitations to this the study.

Furthermore, in addition to the study reporting the positive effects of yoga exercise on COP characteristics
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(Jeter, Moonaz, Bittner, & Dagnelie, 2015), the equivalent results shown in this study emphasized the im-
portance of assessing the static balance in people with dysfunctions in musculoskeletal, somatosensory, and
vestibular functions. Given that the traditional COP measure was conducted with a ground-mounted force
platform in biomechanical settings and has been used as a surrogate marker for postural stability in standing
balance (Piirtola & Era, 2006), the necessity of using a balance measurement system in exercise intervention
protocol becomes greater.

Enhancement of core muscle strength is known to play an essential role in facilitating the dynamic stability
of muscles across the segments (Panjabi, 1992). In particular, multifidus and transversus abdominis contract
simultaneously to provide dynamic stability to the core muscles, leading to improved posture alignment and
functional movement (Vleeming, Schuenke, Danneels, & Willard, 2014). However, the evaluation of muscle
strength did not reach the statistical significance in SG, which suggests that improved functional movement
and balance may occur without a substantial increase in muscle strength. A previous study reported that FMS
scores of collegiate football players were positively correlated with hopping performance, but were not cor-
related with hip and knee strength (Willigenburg & Hewett, 2017). Lastly, although people with mild discom-
fort in their lower body do not usually require hospital treatment, there might be a need for more organized
and specialized exercise programmes with proper intensity and duration for the purpose of injury prevention.

It is essential to mention that SG’ VAS for pain was reduced significantly after the exercise intervention. Al-
though the VAS is somewhat subjective and influenced by other contextual factors, it may reflect participants’
psychological influence by being more active with the exercise programme. It has been reported that Pilates
exercise improved young females’ spine and shoulder pain, as well as body instability (Kim, 2017).

In summary, this study has demonstrated that four weeks of core stability exercise was beneficial for reducing
the pain and discomfort by increasing the functional movement and balance. Although the sample size was
small and may have limited detecting impacts on parameters, there were few studies of exercise programmes
for the people with lower-limb discomfort and with a short period of training. Therefore, the authors believe
that this study can serve as a positive starting point for making exercise guidelines for those populations.
However, further controlled studies with a varied combination of exercise period and frequency are needed
to more fully understand the effect of core stability exercise on the quality of life in people with mild pain and
discomfort.
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