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ABSTRACT

Introduction: With advancing age, the ability to maintain postural
stability may decline. Healthcare workers might be prone to
musculoskeletal symptoms which may lead to greater decline in
postural stability with advancing age. However, the relationship
between age and balance in healthy hospital staff has not been
elucidated.

Aim: To identify the correlations between age and balance
measured by the modified Star Excursion Balance Test (MSEBT)
performance and determine if age predicts mSEBT performance
in healthy male hospital staff.

Materials and Methods: A cross-sectional observational study
was conducted at Rabigh General Hospital, Rabigh, Saudi
Arabia, from December 2020 to June 2021. Fifteen male hospital
staff were included in this study. Participants were instructed to
perform three trials of MSEBT. Normalised composite scores and
reach distances in each direction for both legs were calculated.
Pearson correlation was conducted to identify the correlations

INTRODUCTION

Postural control is maintained by sensory information provided
by somatosensory, vestibular, and visual systems [1,2]. Constant
sensory input is required from these systems to maintain postural
stability during dynamic activities [2]. Among the acclaimed tools
to clinically evaluate dynamic balance of the lower extremity are
the SEBT and the Y-Balance Test (YBT) [3-6]. The mSEBT is a
modified version of the eight-reach direction SEBT which requires
participants to reach only in three directions: anterior (ANT), PM,
and Posterolateral (PL) while standing on one foot [7-9].

The mSEBT has been reported as a valid and reliable tool to measure
balance during dynamic activities in various populations [10,11].
A significant amount of postural control, strength, range of motion,
and proprioceptive abilities are required to maintain balance while
performing this test. With advancing age, however, the ability to
maintain balance might be diminished due to age related changes [2].

Ageing is an inevitable process that may impair several physiological
functions, leading to a reduced quality of life [12]. Previous
researchers have reported that ageing may impact physical
performance due to age related deterioration of organ systems
such as the musculoskeletal system [13,14]. The function of
skeletal muscle is governed by four distinct characteristics including
architecture, excitement contraction coupling, and energy release
and production of power and force [15]. Previous study has found a
decline in all four characteristics of skeletal muscle with advancing
age [16]. These changes may impair individuals’ abilities to maintain
postural stability, placing an individual at greater risk of fall.

In addition to the age related deterioration affecting postural
control, the nature of work may affect physical performance due to
musculoskeletal symptoms creating another challenge to maintain
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between age and mSEBT performance. Also, simple linear
regression was performed to determine if age predicts mSEBT
performance.

Results: Significant moderate negative correlations were observed
between age and non dominant Posteromedial (PM) direction
(r=-0.44, p=0.04) and non dominant composite score (r=-0.48,
p=0.03). Also, there was a significant strong negative correlation
between age and dominant PM direction (r=-0.52, p=0.02) and
a significant moderate negative correlation between age and
dominant composite score (r=-0.44, p=0.04). The regression
analysis showed that age significantly (p=0.046) predicted
27.3% of the variation in the dominant PM reach direction distance
(B=-1.35).

Conclusion: The results showed, that age was negatively
correlated with PM direction and composite scores for both
limbs. Also, age was a predictor of the mSEBT performance
only in the dominant PM reach direction.

Keywords: Balance, Dynamic activities, Postural stability

postural control. Specifically, healthcare workers might be prone
to musculoskeletal symptoms due to their job that may require
long shifts, standing for a long time, and lifting and transferring
patients. Previous investigators have reported a high prevalence
of musculoskeletal symptoms among health-care workers in Saudi
Arabia particularly among nurses [17], dentists [18], physicians
[19], emergency care service [20], and physical and occupational
therapists [21]. Literature has indicated that musculoskeletal
symptoms are strongly associated with poor postural control and
balance [22-24]. For instance, reduced dynamic balance has been
reported in individuals with low back pain [25-27].

Work requirements demand an efficient postural control for the
accomplishment of activities in an ecological manner. Understanding
age related postural deficits in healthcare professionals may help
identify risk factors associated with work related musculoskeletal
disorders causing alteration in trunk muscle activity. Furthermore, the
periodic assessment and monitoring through postural assessment
may help us to identify and develop approaches to rectify the
impaired posture and alteration in trunk muscle activity. The mSEBT
is an effective tool to identify dynamic measures of postural stability
in normal and patient population [10,11]. Application of this tool in
healthcare worker can provide reliable, sensitive and cost effective
information about postural stability and could help monitor age
related postural deficits in response to specific work requirements at
hospital settings. Therefore, evaluating the correlation between age
and balance using the mSEBT in healthcare workers may provide
more insights regarding postural control. Hence, present study was
conducted to elucidate the correlations between age and mSEBT
performance and determine if age predicts mSEBT performance in
healthy male hospital staff.
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MATERIALS AND METHODS

This cross-sectional, observational study was conducted for
approximately six months (started on December 24" 2020 and
finished on June 20" 2021) at Rabigh General Hospital, Rabigh,
Saudi Arabia. Institutional Review Board of the Ministry of Health
(H-02-J-002) has approved this investigation and informed consents
were obtained from participants before study enrollment.

Inclusion criteria: Male hospital staff (between the age of 20-
40 years) who were able to perform the mSEBT were included.

Exclusion criteria: Participants were excluded if they had visual
problems, vestibular diseases, neurological disorders, musculoskeletal
conditions, or had undergone any surgery.

Study Procedure

The present study was a secondary analysis of a previous study
(under review process). A group of 15 male hospital staff participated
in this cross-sectional study. Anthropometric measures such as
age, weight, height, and dominant side (preferred leg for kicking
a ball) were taken and recorded after obtaining informed consent
from each participant. While the participant was placed in supine
on a table, Leg Length (LL) was measured from the inferior edge
of the anterior superior iliac spine to the distal edge of the medial
malleolus using a tape measure [5]. Each participant was given
a demonstration about the mSEBT according to the procedures
previously described [5,10]. In addition, participants were instructed
to perform four practice trials in each direction for both feet to reduce
the learning effect [28]. The practice trails were performed using the
following standardised order: right anterior, left anterior, right PM,
left PM, right PL, left PL. After the practice trails, participants were
asked to execute formal testing attempts (3 trials) in each direction
in the order similar to the practice trials.

In each formal attempt, participants were instructed to maintain
balance and stand on one leg with their hands placed on the pelvis
while moving the other leg as far as possible and returning back to
the starting position [Table/Fig-1] [5]. An investigator marked and
measured the distance of the toe touch reach in each direction.
Participants were allowed to rest for 30 seconds after each direction to
minimise the effect of fatigue [29]. All participants conducted practice
and formal testing trials barefoot to prevent the potential effect of
the shoes on stability and balance. The average reach distance was
reported and normalised to LL for each participant by using the
following formula: maximum distance obtained/LLx100 [10]. Also,
normalised composite score for each foot was calculated based on
the formula: the sum of the 3 reach directions/3xLLx100 [10].

[Table/Fig-1]: The modified Star Excursion Balance Test (MSEBT).
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STATISTICAL ANALYSIS

All data were checked for the assumptions of normality and outliers
using Shapiro test and box plots. The relationships between age and
the MSEBT were determined by calculating Pearson correlation (). The
strength of the correlation was described using the following criteria:
strong relationship (r>0.50), moderate relationship (<0.30 r<0.50), and
weak relationship (r<0.30) [30]. A simple linear regression analysis
was performed to determine if age predicts mSEBT performance. The
level of significant (alpha level) was set at 0.05. All statistical analysis
were performed using Statistical Package for the Social Sciences
(SPSS) 25.0 (SPSS Inc, Chicago, IL).

RESULTS

Fifteen participants (age: 33.86+3.68 years; height 1.72+0.05 m;
weight 75.26+9.86 kg; BMI 25.48+3.52 kg/m?) were included in
this study. Assumptions of normality and outlier were not violated.
[Table/Fig-2] shows dominant and non dominant mean+SD values.
Significant moderate negative correlations were observed between
age and non dominant PM direction (r=-0.44, p=0.04) [Table/Fig-3]
and non dominant composite score (r=-0.48, p=0.03) [Table/Fig-4].
Also, there was a significant strong negative correlation between
age and dominant PM direction (r=-0.52, p=0.02) [Table/Fig-5] and a

Variables | Mean+SD | 95% Confidence interval
Non dominant (% LL)

Anterior 68.27+6.50 64.67+71.88
Posteromedial 64.09+12.26 57.30+70.88
Posterolateral 68.50+9.04 63.49+73.51
Composite 67.05+8.33 62.43+71.67
Dominant (% LL)

Anterior 68.86+4.23 66.51+71.20
Posteromedial 64.46+9.52 59.18+69.73
Posterolateral 67.67+8.98 62.70+72.65
Composite 67.34+5.91 64.07+70.62

[Table/Fig-2]: Showing dominant and non dominant mean standard deviations (SD)

and 95% confidence interval for each variable.
LL: Leg length
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[Table/Fig-3]: Correlation between age and the non dominant posteromedial reach

score.

Non-dominant leg

~ ~
= wn

Composite Score
N
wm

a
=]

55
27 29 31 33 35 37 39 41

Age in years
[Table/Fig-4]: Correlation between age and the non dominant composite score.
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significant moderate negative correlation between age and dominant
composite score (r=-0.44, p=0.04) [Table/Fig-6,7]. The regression
analysis showed that age significantly (p=0.046) predicted 27.3% of
the variation in the dominant PM reach direction distance (B=-1.35)
[Table/Fig-8].
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[Table/Fig-5]: Correlation between age and the dominant posteromedial reach score.
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[Table/Fig-6]: Correlation between age and the dominant composite score.

Age
mSEBT r-value p-value
Non dominant
Anterior -0.32 0.12
Posteromedial -0.44 0.04*
Posterolateral -0.40 0.06
Composite -0.48 0.03*
Dominant
Anterior -0.20 0.23
Posteromedial -0.62 0.02*
Posterolateral -0.22 0.21
Composite -0.44 0.04*

[Table/Fig-7]: Correlations between age and mSEBT.

Pearson Correlation; *indicates p<0.05

Unstandardised Standardised
coefficients coefficient
Predictor Beta SE Beta p-value R? p-value
Age -1.3562 0.612 -0.523 0.046 0.273 0.046
[Table/Fig-8]: Regression model.
Simple Linear Regression

The investigation was conducted to identify the correlations between
age and the mSEBT performance and to determine if age predicts
mSEBT performance among healthy male hospital staff. The
findings of this investigation support the hypothesis that there will be
negative correlations between age and mSEBT performance. The
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results revealed that significant moderate negative correlations were
observed between age and non dominant PM direction (r=-0.44,
p=0.04) and non dominant composite score (r=-0.48, p=0.03).
Additionally, there was a significant strong negative correlation
between age and dominant PM direction (r=-0.52, p=0.02) and a
significant moderate negative correlation between age and dominant
composite score (r=-0.44, p=0.04).

The most important finding of this investigation was that age was a
significant predictor (p=0.046) of the mSEBT performance only in
the dominant PM reach direction. Decreased reach distance in PM
direction has been linked to ankle instability in recreationally college
students [31]. In another study of 30 participants, a significant
correlation between PM reach direction and hip abduction strength
was reported (r=0.51, p=0.004) [32]. Previous researchers have
reported that increased hip abductors and extensors strength
may help individuals to increase their reach distance in both PM
and PL directions [32]. In a study of 73 healthy participants, a
linear regression analysis showed that hip abduction strength was
significantly predictive of Y balance performance [33]. Previous
investigators have found a negative relationship between age and
hip abduction strength in healthy subjects [34]. Therefore, this finding
suggests that the reduced reach distance in the PM direction may be
attributed to hip abductors weakness.

Compared with other studies evaluating mSEBT performance
[9,10,35], the reach distances observed in the current investigation
were relatively small. Unlike other researchers who found that the
PM reach distance scores were about 80% of the LL [8], the PM
reach distance scores were less than 65% of the LL in the current
investigation. This discrepancy in the PM reach distances could
be related to differences in the sample age (33.86+3.68 years) in
this investigation compared with the sample age in other studies.
Additionally, averaging the scores of the three trials may lower the
final scores in this investigation compared with a previous study in
which the highest scores were utilised for data analysis [10].

The human body is composed of 40% skeletal muscles and ageing
is associated with loss of muscle mass known as sarcopenia
[36]. Muscle mass reduction is mainly caused by a decline in the
number of type Il myosin heavy chain isoform [37]. The magnetic
resonance imaging technique of muscle fibre revealed a decline in
the physiologic index of muscle quality due to a reduction in muscle
density and increased intermuscular fat [38]. Ageing is associated
with reduced muscle strength, with a 1.0-1.5% decline annually and
it is more noticeable in the lower extremities [39]. With age, there is
a significant reduction in type Il than type | skeletal muscles fibres as
well as the repair or recovery is reduced due to a reduced number
of satellite cells in the skeletal muscles [40].

Clinical implications that can be drawn from the study’s findings
should be discussed. Exploring the negative relationships between
age and the PM and composite score for both legs may highlight
the significant of implementing strengthening and coordination
programs that aim to improve balance and potentially decrease risks
of future injuries. Furthermore, knowing that age predicted mSEBT
performance only in the dominant PM direction may emphasise
the importance of designing training programs focusing on the PM
direction as this direction has been linked to ankle instability.

Limitation(s)

Certain limitations to this investigation need to be addressed.
The small sample size may limit the generalisability of the current
investigation. Categorising participants into groups based on their
age or profession was not performed due to the small sample
size in the current investigation. Age related changes may not
be pronounced due to the mean age of the sample (about
33.86 years). Also, the inclusion of only male participants may limit
the generalisability of the study.
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CONCLUSION(S)

The findings of this investigation indicated that significant moderate
negative correlations were found between age and non dominant
PM direction and composite score. Additionally, age was strongly
negatively correlated with the dominant PM direction and moderately
negatively correlated with the dominant composite score. Also, age
was a significant predictor of the mSEBT performance only in the
dominant PM reach direction.

Acknowledgement
The author would like to thank Mr. Nawaf Almotairi for assistance
with collecting data.

REFERENCES

[1] Diener HC, Dichgans J. On the role of vestibular, visual and somatosensory
information for dynamic postural control in humans. Prog Brain Res.
1988;76:253-62.

Kanekar N, Aruin AS. Aging and balance control in response to external
perturbations: Role of anticipatory and compensatory postural mechanisms. Age
(Dordr). 2014;36(3):9621.

Gribble PA, Kelly SE, Refshauge KM, Hiller CE. Interrater reliability of the star
excursion balance test. J Athl Train. 2013;48(5):621-26.

Kinzey SJ, Armstrong CW. The reliability of the star-excursion test in assessing
dynamic balance. J Orthop Sports Phys Ther. 1998;27(5):356-60.

Plisky PJ, Gorman PP, Butler RJ, Kiesel KB, Underwood FB, Elkins B. The
reliability of an instrumented device for measuring components of the star
excursion balance test. N Am J Sports Phys Ther. 2009;4(2):92-99.

Shaffer SW, Teyhen DS, Lorenson CL, Warren RL, Koreerat CM, Straseske
CA, et al. Y-balance test: A reliability study involving multiple raters. Mil Med.
2013;178(11):1264-70.

Robinson RH, Gribble PA. Support for a reduction in the number of trials
needed for the star excursion balance test. Arch Phys Med Rehabil.
2008;89(2):364-70.

van Lieshout R, Reijneveld EA, van den Berg SM, Haerkens GM, Koenders
NH, de Leeuw AJ, et al. Reproducibility of the modified star excursion balance
test composite and specific reach direction scores. Int J Sports Phys Ther.
2016;11(3):356-65.

Hertel J, Braham RA, Hale SA, Olmsted-Kramer LC. Simplifying the star excursion
balance test: Analyses of subjects with and without chronic ankle instability. J
Orthop Sports Phys Ther. 2006;36(3):131-37.

Plisky PJ, Rauh MJ, Kaminski TW, Underwood FB. Star excursion balance test
as a predictor of lower extremity injury in high school basketball players. J Orthop
Sports Phys Ther. 2006;36(12):911-19.

Bulow A, Anderson JE, Leiter JR, MacDonald PB, Peeler J. The modified star
excursion balance and Y-balance test results differ when assessing physically
active healthy adolescent females. Int J Sports Phys Ther. 2019;14(2):192-203.
Harman D. Aging: Overview. Ann N'Y Acad Sci. 2001;928:1-21.

Frontera WR. Physiologic changes of the musculoskeletal system with aging:
A brief review. Phys Med Rehabil Clin N Am. 2017;28(4):705-11.

Leveille SG. Musculoskeletal aging. Curr Opin Rheumatol. 2004;16(2):114-18.
Frontera WR, Ochala J. Skeletal muscle: A brief review of structure and function.
Calcif Tissue Int. 2015;96(3):183-95.

Correa-de-Araujo R, Harris-Love MO, Milikovic |, Fragala MS, Anthony BW, Manini
TM. The need for standardised assessment of muscle quality in skeletal muscle
function deficit and other aging-related muscle dysfunctions: A symposium
report. Front Physiol. 2017;8:87.

Attar SM. Frequency and risk factors of musculoskeletal pain in nurses at a
tertiary centre in Jeddah, Saudi Arabia: A cross sectional study. BMC Res Notes.
2014;7:61.

[

[3]
[4]
[s]

[61

[7]

(81

(0]

[a

1

n2]

(3]

[14]
(9]

[e]

7]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]
[36]

[37]

[38]

[39]

[40]

www.jcdr.net

Alghadir A, Zafar H, Igbal ZA, Zafar H. Work-related musculoskeletal disorders
among dental professionals in Saudi Arabia. J Phys Ther Sci Journal of Physical
Therapy Science. 2015;27(4):1107-12.

AlOmar RS. Levels of physical activity and prevalence of musculoskeletal
disorders among physicians in Saudi Arabia post COVID-19 lockdown: An
epidemiological cross-sectional analysis. J Prim Care Community Health.
2021;12:21501327211040359.

Santos RAVd, Raposo MCFo, Melo RdS. Prevalence and associated factors with
musculoskeletal pain in professionals of the Mobile Emergency Care Service.
BrdP. Sao Paulo, 2021;4(1):20-25.

Devreux ICN, Mamdouh K, Elsayed E, Al-Awa B. Relation of work-related
musculoskeletal disorders and over-commitment of rehabilitation staff in Saudi
Arabia. Life Sci J Life Science Journal. 2012;9(3):781-85.

Alexander NB. Postural control in older adults. J Am Geriatr Soc. 1994;42(1):93-108.
Zetterlund C, Lundqvist LO, Richter HO. Visual, musculoskeletal and balance
symptoms in individuals with visual impairment. Clin Exp Optom. 2019;102(1):63-69.
Du Pasquier RA, Blanc Y, Sinnreich M, Landis T, Burkhard P, Vingerhoets FJ.
The effect of aging on postural stability: A cross sectional and longitudinal study.
Neurophysiol Clin. 2003;33(5):213-18.

Ganesh GS, Chhabra D, Mrityunjay K. Efficacy of the star excursion balance test
in detecting reach deficits in subjects with chronic low back pain. Physiother Res
Int. 2015;20(1):09-15.

Hooper TL, James CR, Brismee JM, Rogers TJ, Gilbert KK, Browne KL, et al. Dynamic
balance as measured by the Y-Balance Test is reduced in individuals with low back
pain: A cross-sectional comparative study. Phys Ther Sport. 2016;22:29-34.
Tsigkanos C, Gaskell L, Smirniotou A, Tsigkanos G. Static and dynamic
balance deficiencies in chronic low back pain. J Back Musculoskelet Rehabil.
2016;29(4):887-93.

Linek P, Sikora D, Wolny T, Saulicz E. Reliability and number of trials of Y balance
test in adolescent athletes. Musculoskelet Sci Pract. 2017;31:72-75.

Kwon YU, Blaise Wiliams DS 349. The effect of variable rest intervals and
chronic ankle instability on triplanar ankle motion during performance of the Star
Excursion Balance Test. Hum Mov Sci. 2017;52:143-50.

Peat JK, Barton B, Elliott EJ. Statistics workbook for evidence-based health
care. 2009;93-109.

de Noronha M, Franca LC, Haupenthal A, Nunes GS. Intrinsic predictive factors
for ankle sprain in active university students: A prospective study. Scand J Med
Sci Sports. 2013;23(5):541-47.

Hubbard TJ, Kramer LC, Denegar CR, Hertel J. Correlations among multiple
measures of functional and mechanical instability in subjects with chronic ankle
instability. J Athl Train. 2007;42(3):361-6.

Wilson BR, Robertson KE, Burnham JM, Yonz MC, Ireland ML, Noehren B.
The relationship between hip strength and the Y balance test. J Sport Rehabil.
2018;27(5):445-50.

Ramskov D, Pedersen MB, Kastrup K, Lonbro S, Jacobsen JS, Thorborg K, et
al. Normative values of eccentric hip abduction strength in novice runners: An
equation adjusting for age and gender. Int J Sports Phys Ther. 2014;9(1):68-75.
Munro AG, Herrington LC. Between-session reliability of the star excursion
balance test. Phys Ther Sport. 2010;11(4):128-32.

Sheard PW, Anderson RD. Age-related loss of muscle fibres is highly variable
amongst mouse skeletal muscles. Biogerontology. 2012;13(2):157-67.

Frontera WR, Suh D, Krivickas LS, Hughes VA, Goldstein R, Roubenoff R.
Skeletal muscle fiber quality in older men and women. Am J Physiol Cell Physiol.
2000;279(3):C611-18.

Dahlgvist JR, Vissing CR, Hedermann G, Thomsen C, Vissing J. Fat Replacement
of paraspinal muscles with aging in healthy adults. Med Sci Sports Exerc.
2017;49(3):595-601.

Frontera WR, Hughes VA, Fielding RA, Fiatarone MA, Evans WJ, Roubenoff
R. Aging of skeletal muscle: A 12-yr longitudinal study. J Appl Physiol (1985).
2000;88(4):1321-26.

Montarras D, Morgan J, Collins C, Relaix F, Zaffran S, Cumano A, et al.
Direct isolation of satellite cells for skeletal muscle regeneration. Science.
2005;309(5743):2064-67.

PARTICULARS OF CONTRIBUTORS:

1. Physical Therapist, Department of Physical Therapy, Rabigh General Hospital, Rabigh, Saudi Arabia.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. Ahmad Dhahawi Alanazi,

Majmaah University, Majmaah, Saudi Arabia.

E-mail: aalanazi@mu.edu.sa

AUTHOR DECLARATION:

e Financial or Other Competing Interests:
Majmaah University. Project No. R-2022-7

* Was Ethics Committee Approval obtained for this study? Yes

e Was informed consent obtained from the subjects involved in the study? Yes

* For any images presented appropriate consent has been obtained from the subjects.

PLAGIARISM CHECKING METHODS: Vantietal

ETYMOLOGY: Author Origin

e Plagiarism X-checker: Oct 11, 2021
e Manual Googling: Dec 18, 2021
e iThenticate Software: Dec 20, 2021 (6%)

Funded by Deanship of Scientific Research at

No

Date of Submission: Oct 08, 2021
Date of Peer Review: Oct 28, 2021
Date of Acceptance: Dec 21, 2021

Date of Publishing: Jan 01, 2022

Journal of Clinical and Diagnostic Research. 2022 Jan, Vol-16(1): YC07-YC10


http://europeanscienceediting.eu/wp-content/uploads/2016/11/ESENov16_origart.pdf

