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ABSTRACT

Introduction: Musculoskeletal discomfort and fatigue are prevalent issues among manufacturing workers due to
prolonged standing. Objective: This systematic review aims to evaluate the effectiveness of various ergonomic in-
terventions in reducing discomfort and fatigue among manufacturing workers with prolonged standing. Methodol-
ogy: A comprehensive search in Scopus and Science Direct databases using relevant keywords related to muscle
discomfort, fatigue, ergonomic interventions, prolonged standing, and manufacturing workers was conducted. The
search was limited to research articles written in English and published within the last ten years. After screening titles,
abstracts and full texts, a total of 8 articles were included in the review. Results and Discussion: The results show
that some interventions, such as anti-fatigue mats and frequent, short breaks, consistently reduce muscle strain and
fatigue. In contrast, the efficacy of other solutions, such as footrests, lower-limb exoskeletons, and sit-stand worksta-
tions, varies and appears to depend heavily on the design, user, and work environment. The review also emphasizes
how footwear has a unique impact. It points out that both unstable and cushioned shoes have advantages but also
pose risks, including possible postural instability. Conclusion: This review highlights a significant gap in the literature
where there is insufficient data on the efficacy of knee supports as an ergonomic intervention for prolonged standing
in industrial settings. This underscores the importance of further studying how these devices may reduce fatigue and
discomfort.
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INTRODUCTION

The manufacturing sector offers greater opportunities
for career advancement and employment, and it is
also one of the major contributors to the Malaysian
economy [1]. However, the number of injuries and
occupational diseases is increasing in direct proportion
to the growth of the industrial sector [2]. According
to the PERKESO Annual Report 2021, 1,025 cases of
musculoskeletal disorders were recorded in Malaysia. A
study by Foong (2014) [3] found that production lines
workers experience a high incidence of musculoskeletal
problems, with the most commonly affected areas

being the neck (29.6%), knees (32.8%), shoulders
(44.4%) and lower back (48.0%). Prolonged standing
is a common job requirement in the industrial sector
[2], [4]. Prolonged standing has been associated with
health problems such as lower limb fatigue, swelling,
pain, discomfort, venous blood pooling, back pain and
general body fatigue [1], [4]-[6]. A business would be
affected if its workers experienced health problems due
to prolonged standing, as this could lead to increased
indirect costs, such as production delays, lost days,
training costs for new or replacement workers [7] and
increased medical expenses [2].

Ergonomics is the study of the human body and
the use of this knowledge to develop innovative
products that reduce fatigue and discomfort [8].
Ergonomic interventions can be particularly effective
in preventing illnesses and injuries affecting workers,
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such as muscular discomfort. Many ergonomic
interventions have been developed to reduce fatigue
and discomfort in manufacturing workers who stand
for long periods, including anti-fatigue mats, footrests,
cushioned safety shoes and sit-stand workstation. These
established strategies have worked well in a variety of
manufacturing settings, as have procedural adjustments,
including work-rest schedules and safe lifting practices.
Despite showing promise as a solution, the long-term
efficacy of more recent technology, such as lower-limb
exoskeletons, is still being investigated.

This systematic literature review aims to evaluate the
effectiveness of ergonomic interventions in reducing
discomfort and fatigue in manufacturing workers who
stand for long periods of time.

METHODOLOGY

Search Strategy

A systematic review was conducted using the Preferred
Reporting ltems for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 criteria. Scopus and Science
Direct were used to search databases utilising the
following  keywords: (*muscle AND  discomfort*
OR*discomfort*) AND (*muscle AND fatigue* OR
*fatigue* AND *lower limb fatigue*) AND (*ergonomic
AND intervention*) AND (*prolonged standing*) AND
(*industrial workers* AND *manufacturing workers*).

Eligibility Requirements and Study Selection

The reviewer carefully examined the full title and
content of each paper to determine eligibility. The most
recent research articles published in the last ten years
were included, including articles written in English or
whether a full free text translation was available in that
language. Articles that were not available in full text
were excluded. Only research articles were selected
for inclusion. Articles with a focus other than applied
ergonomics were not included. The Joanna Briggs
Institute (JBI) Critical Appraisal Tools was used as
part of a quality assessment technique to evaluate the
methodological quality and risk of bias in the included
publications.

Search Results

After searching the above databases, 330,458 papers
were found, but papers identified which do not meet
the eligibility was 326,611. 3832 papers out of 3847
were eliminated after screening titles and abstracts. After
removing duplicates, which left 15 of the final 15 papers
selected for full free text evaluation in the previous ten
years, only 8 of the remaining studies were included in
the final data collection.

%eco{)ds id_e{l_:'f dﬁli’ﬂ:“ Records excluded if do not meet the
m, el —* | publication title and subject areas
Scopus: § results fa= 326611
Seience Direct: 330,452 results Sl ]
Records scree:led by u“e znd abstract Rec01"c13 ex?l'_lc'ed
(n=3347) o=T)

Records screened by earolled for full-

free text articles in the last 10 years, and » Records excluded
duplicates discarded n=7

(=13

|

Records after duplicates checked
n=3)

Fig 1: Prisma Flow Diagram

RESULTS

The summary and characterisation of each study is
provided in the Table I below.

DISCUSSION

Physical and Engineering Interventions

The literature review shows mixed results on the
effectiveness of engineering controls and physical tools.
Studies have repeatedly demonstrated that anti-fatigue
mats are superior to footrests at alleviating muscle
fatigue, particularly when standing for extended periods
8], [9].

These mats provide a cushioned surface thatabsorbs stress
and encourages small, involuntary muscle movements.
Consequently, they are ideal for manufacturing settings
where employees often stand in one place for long
periods of time, such as on a production line making it
less likely to experience muscle strain and fatigue. This
aligns with research indicating that frequent, short breaks
are beneficial [10]. However, some studies indicate that
footrests may not substantially reduce lower back pain
[11] and could worsen postural instability [12]. This
could be a problem in a fast-paced workplace where
employees must keep their posture steady for precise
work. These findings demonstrate a significant difference
in the effectiveness of these two comparable strategies.

The results of exoskeleton and sit-stand workstation
studies are also mixed and require further investigation.
For example, active exoskeletons can significantly
reduce strain on the gastrocnemius and quadriceps
[13] making them beneficial for manufacturing jobs
requiring repetitive strain or lifting. Passive lower-limb
exoskeletons can be uncomfortable, particularly when
seated [14] which would be a significant disadvantage
for occupations that alternate between standing and
sitting. This paradox, explained by greater vastus muscle
activation, emphasizes the importance of exoskeleton

378 Mal J Med Health Sci 22(SUPP8):377-382, August 2026



HOI9|SOXD 0JWods| OETENNOE] (mo] pue
papnjoul ay) uo dunis oy pasedwiod 1oy ponteaiad .tch_og. :_N sniwaudonses } _QH_C__LQ y31y) Sunis suiw o¢ sajew Sumes 1] (610T 9
sajew 3unoA AjluQ -WODSIP $S3| YIIM PIIRIDOSSE SBM . . ‘snjseA ‘1010249 ‘snizadel | i Ayyeay gy Aioreloqe ] e 19 498n7)
: : : a|eds Sunel ouawNN : -MO| dAISSe
UOJd|3XS0Xa Ue JnoLYIM Suipuels Suipuess suiw o¢
Sumes olreuads
94 U PAINPUO TON $913004 Suisn uaym auteuuosanb (53] SIDNIOM Sumes
Musu m:“_mz oA 4 . oleds s, 3109 (DW3s) Ayd yo| pue 1ySu) Joudue Sijeiqn 15211004 Suipuess 1y-z AWleo i Ko m\_oﬁm . Mm_wAW_NNON S
papnjoul peonp 181 D3 -ei80Awo129|9 9dBLNG pue sniwLudo1se) tHESY 001 Vel0qeT] 218 z12v)
SI9I0M Bew AjluQ
(9|qeuISew! LojwodsIp
1S1I0M ‘00 | ‘MOoJWodsIp
uonpuos % LB A
g J00Ja1B( PUE MOYS PIWONO-1B|} [BUY [ENSIA (LLILL) a0ys 61]
U19s O1IeUIDS WWQQ | 92USIJWNdIID Jo1d)ue sijelq , s)algns Sumes o
0] pasedwod Moys d|geisun uo 9|qeIsun ‘aoys Suipuess 1y-z 9107 “1® ¥
|Bal Ul pa1dNPUOd JON 3 3 39] 1amo| ainseaw 0} — pue sniwaudonses |eipay Ayeay oL Alojeloqe]
ulpuels uaym sunjes LojuwodsIp pawonog-ie|4 19 1wiLey))
g ade) uunseaw o11nD
9] Jamo| padnpal Ajuedniudis
[eusis (DW3)
s1ydesoAwonds|3
'suondo dA29)45 1S0W dY) dI9M sniwaudoised ‘snsou
Surdwep yjos 00} ‘sajasnwi 39) 404 -BIQUIBWIIWIDS/ SNSOUIPUBNWRDS g 0o
‘uoleuIWEexd ‘stowy sdadiq ‘lousue sijeiqn mc_mrcm_w _ME:QM. yStq-
yoea usamiaq Apysiis Suidwep ‘Sl|eIpaW SNISeA ‘SI|eIa)e| SniSeA : w:_o_Emc. ou- MO[s A|a1elaqi|ap- Sumes [81]
padueyd spaads Sunjiean Jewndo si sajasnw 3oeq 104 < Aud ‘snpunjnw ‘(stjelsodol|1) seuids S90US S|OUOD- pauajaud-  usw Ayyeay 0| iSEoﬂﬁ (5102 “|e ¢
S0k (OW3Is) Ay 1012913 “(snwissiSuoj) seuids ww_ m_wo ! :spoads 19 JaUgPNH)
azis a|dwes |jews ‘Buidwep ou pue Suidwep “BISOAUIONITS I284NS 1012819 ‘suopge snuRl mm_ or_w o5 M:cu Bupjlem uaIaYIp €
jewndo ajam suondo aA29)49-150d snnbi|qo ‘siulopge snudixa Jes 4091 _
150W 3Y) ‘S3[ISNW [euIwopge 4o snnbijqo ‘siuwiopge snjoay
3umsas juanbayy sun| 1oy suiw
110Ys 9q 0] 195 SI )1 UBYM SIDNIOM BJew HoUNI 16 sUl
06 pue Sutuans ‘3ul
DW3 3y} Aq pajoalep aq UBL} 3]2SNW DI0W SN SIANIOM “UIoW ut Swn YeIq
ouued xoeq Jamoj 1y3 9|BWJ 1Y) SMOYS BIe ) Ayd UL
1 >Peq [Ysly |ewsy ey} Us e1ep DN ayL AOS\EV Y (s39] 49| suw o :z Sumas 01]
-eiBoAwona|3 ‘(sanreu ue 1y3u) seuids 1010319 pue auin SIDNIOM Sumas pjal “le
1981€) spouad 1sa1 Loys -uonsanb Suisn pamaia pue L) P } P -payods 1591-3I0A\ PHOM 08 thes ped (610 7| 4
, 101I9)UE SI|BIq) ‘SNIWSUD0.ISED) (sulw 19 uewyey)
|enoe ay) Jo poys sjje}  “uanbaly yum uonea110d aanisod -19)Ul) JUDWISSISSE-}|dS — swn xeas
sjuedidiued Jo laquinN B MOYs Moyd 3asnwi sjuedi o ma |L0>>. ov_w mm_
-o1ped Jo sjuswiainseaw DN _ umww . W:_uh
paJapIsuod Jou ady [ENDY 11 sumos
1591100} 3Y)
0) pasedwod yew angijej-nue ay) (OW3s) Ayd (53] yew andn SIDNIOM [8] (6107
pajels 10N A yo| pue 1ySu) Joudue Sijeiqn , : Suipuess 1y-g Sumas pjary .
uo 1amo| Apuedijiudis a1om 1oy -e180AwoND9|9 20BLNG -BJ-1JUB 15911004 ajew Ayyjeay 09 |e 19 Jew()
pue sniwLudo1se)
-WoDSIp d|2sNwW 10y s3uipeas DNIS
s)nsay poyow Sunsay paipn)s 3psnyy SUONUIAIIU| udisaq uone| Sumag loyny ON
-ndod Apnjg

Apnjs yoea Jo uonesLd)OeIRYD pue AJewwns ;| djqe]

379

377-382, August 2026

Mal J Med Health Sci 22(SUPP8)



Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

Table I: CONTINUE
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design as well as the intended use. Similarly, the benefits
of sit-stand postures vary greatly depending on the user
and occupation. The sit-stand postures may reduce the
negative effects of prolonged standing [15], but they
can also worsen lower limb edema and cause upper
body discomfort [16]. This means that the height and
flexibility of the workstation must be user-friendly and
appropriate for the particular equipment or task.

The Distinct Impact of Footwear

Footwear that targets different muscle groups can help
workers who stand on hard floors with their ergonomics.
For instance, safety shoes with cushions are beneficial
because they reduce fatigue and minimize impact
pressure [17] which is supported by the fact that the
safety shoes support the back muscles and that soft
cushioning benefits the leg muscles [18] and makes
them a sensible option for industrial environments.
The benefits of unstable shoes, on the other hand, are
different. Unstable shoes significantly reduces lower
leg discomfort compared to standing barefoot or in
flat shoes [19] because it strengthens foot muscles and
enhances venous pumping [20], [21]. However, there is
a substantial trade-off; postural sway may increase due
to unstable footwear [22]. This can increase the risk of
falls and accidents, posing a significant safety concern
in industrial settings with moving machinery.

Behavioral and Multi-faceted Approaches

Taking frequent, short breaks is an easy and effective way
to reduce fatigue and muscle strain. A study comparing
various work-rest patterns indicated that frequent,
short breaks significantly reduced muscle tension
compared to standard schedules [23]. For instance, a
five-minute break every hour can help employees feel
more comfortable and reduce muscle strain. Another
study on metal casting workers supports the idea of a
multifaceted strategy. This study showed that a holistic
intervention, including a morning briefing, ergonomic
ladles, and nutritious meals, dramatically decreased
musculoskeletal illnesses and fatigue [24]. This research
emphasizes that successful solutions often require a
comprehensive strategy tailored to the particular industry
and its operating needs, combining administrative,
engineering, and behavioral controls.

Limitations of the Study

A significant drawback of many studies is the use of lab
settings, which cannot accurately represent the demands
of real-world occupations [9], [14], [15], [18], [19].
Furthermore, the inclusion of only male participants
in several studies limits their generalizability [8], [9],
[14]. Outcome measures also differ; some studies use
objective measurements, such as electromyography
(EMG) [8]-[10], [15], while others use self-reported
questionnaires [24]. These limitations highlight the need
for further research with a wider range of people and
approaches in order to draw more conclusive findings.
The scope of this review was limited to searches
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conducted in the ScienceDirect and Scopus databases,
which may not have included all relevant research.
To provide a more comprehensive overview of the
current evidence, future systematic reviews on this
topic should consider expanding the search to include
other significant databases, such as PubMed and Web
of Science.

CONCLUSION

This systematic study found that industrial workers who
stand for extended periods can alleviate musculoskeletal
pain and fatigue by implementing ergonomic solutions.
Anti-fatigue mats and frequent, short breaks are useful,
easily implementable measures that reduce muscle
tension in many industrial environments. While
cushioned safety shoes have advantages, unstable shoes
may cause postural instability and safety hazards in fast-
paced work environments. The review also emphasized
the significant impact of footwear. However, a one-size-
fits-all approach is not feasible for interventions such
as sit-stand workstations and lower-limb exoskeletons
due to their varied effectiveness, depending on factors
including the user, the task, and the design. The
literature on knee supports as an ergonomic intervention
for extended standing reveals a significant research
gap, indicating this is a crucial subject for further
investigation. Future studies should focus on field-based
research with a broader range of participants, including
women, to better understand the long-term efficacy of
these interventions in real industrial settings. To provide
a more comprehensive summary of the available
evidence, future systematic reviews should expand their
database searches to include resources such as Web of
Science and PubMed.
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