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A Systematic Review of the Biomechanical Impact
of Load Carriage on Gait in Older Adults

Objective: To examine the biomechanical effects of load carriage on gait patterns, joint kinematics, and mus-
cle activity during walking in older adults. Methods: A systematic literature search was conducted across five
databases (CNKI, Wanfang, VIP, PubMed, and Web of Science) through June 2025. Eight studies met the in-
clusion criteria. The methodological quality of included studies was assessed using the ROBINS-1 Version 2
tool. Results: Asymmetrical load carriage during walking increases step frequency and step width, shortens
step length and the gait cycle, induces lateral trunk tilt, and leads to asymmetric muscle activation between
body sides. With increasing load, adverse effects on trunk posture and muscle activation become more pro-
nounced, including a significant increase in contralateral hip joint torque. Symmetrical load carriage up to 5%
of body weight has no significant effect on gait and may improve static postural stability in older adults. Con-
clusion: Both asymmetrical and heavier load carriage impose greater biomechanical demands on gait in older
adults. Older adults are advised to carry-loads symmetrically and keep the weight below 5% of body mass to
maintain gait stability and reduce fall risk.

Keywords: Load Carriage, Older Adults, Gait, Systematic Review, Biomechanics, Dynamic Stability, Fall
Risk

Introduction

The agingprocess causes a progressive decline in physical functions, including motor ability and neuro-
logical integrity, thereby significantly increasing fall risk among older adults [1]. Globally, falls are a signifi-
cant public health concern, causing approximately 684,000 deaths annually and ranking as the second lead-
ing cause of unintentional injury-related mortality [2]. Robinovitch et al. reported that 24% of all falls in old-
er adults occurred during normal forward walking—the highest proportion among all fall scenarios [3].

Various factors contribute to fall risk during walking, including motor ability, psychological state, and
environmental conditions [4]. Load carriage constitutes an environmental modification and is a routine as-
pect of daily life for many older adults. Carrying external loads shifts the body’s center of mass by introduc-
ing additional external forces. To maintain balance, individuals must adjust their gait and posture according-
ly. Consequently, the biomechanical characteristics of load-carrying gait differ significantly from those of
unloaded walking [5].

There are currently divergent perspectives regarding the effects of load carriage on gait in older adults.
One perspective posits that load carriage compromises gait stability in older adults. For example,
Nagaraja et al. found that during load-bearing walking, the trunk and pelvis deviate from the neutral position,
increasing asymmetry in frontal and transverse plane movements and disrupting the rhythmic coordination
between trunk and pelvic motion [6]. These biomechanical changes clearly impair the ability of older adults
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to maintain stable gait. In contrast, an alternative viewpoint argues that load carriage may not negatively af-
fect gait in older adults and could even enhance postural stability during quiet standing [7].

Load carriage during walking is sometimes unavoidable for older adults, such as when carrying items
from routine shopping trips. Therefore, understanding the biomechanical alterations induced by load carriage
is crucial for reducing fall incidence and promoting both physical and mental well-being in later life.

Existing research on gait in older adults has primarily focused on walking under cognitive load, where-
as empirical evidence concerning walking under external physical load remains limited. Although studies on
load-bearing gait in older adults are scarce, those available vary in testing tools, evaluation metrics, and
measurement dimensions, resulting in inconsistent findings.

Methods and materials

This review was conducted and reported following the PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses) guidelines [8].

Search Strategy

A comprehensive literature search was conducted across five databases—PubMed, Web of Science,
CNKI, Wanfang, and VIP—with the search period extending through June 2025. The search terms included
combinations of the following keywords: “older”, “load”, “carrying”, “bags”, “weight-bearing”, “walking”,
“gait”, “biomechanics”, and “biomechanical”. Using PubMed as an example, the detailed search strategy was
as follows: ((older[Title/Abstract]) AND (load[Title/Abstract] OR _carrying[Title/Abstract] OR
bags[Title/Abstract] OR  weight-bearing[Title/Abstract])) AND  (walking[Title/Abstract] OR
gait[Title/Abstract] OR biomechanics[Title/Abstract] OR biomechanical| Title/Abstract])

The search was restricted to controlled experimental studies published in peer-reviewed academic jour-
nals in either Chinese or English.

Inclusion and Exclusion Criteria

Inclusion Criteria:

(1) Participants were healthy older adults aged 60 years or older.

(2) Participants walked in a straight line, at a self-selected speed, within a defined experimental setting
while facing forward throughout the task.

(3) Outcome measures included, but were not limited to:

(a) kinematic indicators (e.g., joint angles, center of pressure displacement, and center of mass sway
amplitude);

(b) kinetic indicators (e.g., joint moments, ground reaction forces (GRF), and joint power);

(c) gait parameters (e.g., step length; stride length, gait cycle, step width, cadence, gait speed, and gait
variability coefficient).

Exclusion Criteria:

(1) Participants were older adults diagnosed with medical conditions such as Parkinson’s disease, Alz-
heimer’s disease, or hypertension.

(2) Studies in which the intervention was unrelated to load carriage or involved non-standard walking
tasks.

(3) Studies published in languages other than Chinese or English; conference abstracts, retrospective
analyses, reviews, or those with inaccessible full texts.

(4) Duplicate publications or those assessed as having low methodological quality. (5) Studies lacking
extractable or usable data.

Study Selection and Data Extraction

All retrieved records were imported into EndNote X9 for reference management.

(1) Duplicate records were identified and removed.

(2) Titles and abstracts were screened to exclude irrelevant studies.

(3) Full texts of potentially eligible articles were reviewed to exclude studies not meeting the inclusion
criteria.

(4) Remaining eligible studies were included in the final analysis.

Extracted data included article title, first author, year of publication, country of origin, participant char-
acteristics (age, sex, height, and weight), sample size, study design and grouping, and outcome measures.
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Quality Assessment of Included Studies

The methodological quality of the included studies was evaluated using the ROBINS-I Version 2
tool [9].

The tool evaluates bias risk across seven domains: confounding, classification of interventions, partici-
pant selection, deviations from intended interventions, missing data, outcome measurement, and selection of
reported results. Each domain is assessed using a structured set of signaling questions designed to guide
risk-of-bias judgments [10].

Results and Discussion

Results of Literature Search

A total of 2,437 records were retrieved from five databases: CNKI (n = 114), Wanfang (n = 19),
VIP (n = 6), PubMed (n = 615), and Web of Science (n = 1,683). An additional three studies were identified
through manual reference screening. After removing 177 duplicates, 2,263 unique records remained for
screening. After title and abstract screening, 2,196 records were excluded, leaving 67 articles for full-text
review. Following full-text review, 59 articles were excluded, and eight studies were included in the final
analysis (Bampouras et al., 2016; Narouei et al., 2023; Allahverdipour et al., 2021; Badawy et al., 2019;
Walsh et al., 2018; Kong et al., 2014; Matsuo et al., 2008; Tengyu et al., 2018) [7, 11-16].

A total of 2,437 records were retrieved from five
databases: CNKI (n = 114), Wanfang (n = 19), VIP Additional records identified through manual
(n=6), PubMed (n= 615), and Web of Science (n searches and reference screening (n = 3)

= 1,683).

| |
A

Duplicate records removed (n= 177)

!

Records screened by title and abstract (n = 2,263)  |—» Records excluded (n = 2,196)

Full-text articles excluded (n = 59):

= Dual-task interventions (n = 10)

Y

« Non-standard gait conditions (n = 14)
« Participants with underlying health conditions (n = 5)
Full-text articles assessed for eligibility (n = 67) [—¥ « Load training interventions (n = 8)

« Non-Chinese or non-English language (n = 2)

« Assistive device design studies (n = 3)

« Incomplete or unusable data (n =9)

« Non-experimental research (n = 8)

Y

Studies included in the final analysis (n = 8)

Figure 1. Flow Diagram of the Study Screening Process

Risk of Bias Assessment Results

According to the ROBINS-1 Version 2 assessment criteria, Walsh et al. and Kong et al. clearly reported
inclusion and exclusion criteria and effectively controlled for potential confounding factors. Consequently,
the risk of bias due to confounding was judged to be low. Allahverdipour et al. (2021) and Kong et al. (2014)
clearly described the inclusion procedures and participant recruitment methods, ensuring appropriate partici-
pant selection [12, 14, 15]. As a result, the risk of bias in participant selection was rated as low. However,
both studies employed measurement tools susceptible to inaccuracies, resulting in a moderate risk of bias in
outcome assessment. In all eight included studies, intervention conditions were clearly defined and appropri-
ately classified. Participants adhered strictly to the assigned interventions, with no notable deviations from
the intended procedures. All relevant outcomes were reported and supported by appropriate statistical valida-
tion. Accordingly, the risks of bias related to intervention classification, deviations from intended interven-
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tions, missing data, and selective outcome reporting were all judged to be low. Overall, the included studies
were assessed to have a moderate risk of bias, which is considered acceptable for inclusion in this review.

Risk of bias domains
I [ I 05 [

@@Od‘@@@g
00000000
0000009
00000000
00000000
00000009
©PVO0 000

Judgement : ‘ Low @ Moderate

Figure 2. Risk of Bias Assessment Across Included Studies Using ROBINS-I Tool

Note: D1 = Risk of bias due to confounding; D2 = Risk of hias in selection of participants into the
study; D3 = Risk of bias in classification of interventions; D4 = Risk of bias due to deviations from intended
interventions; D5 = Risk of bias due to missing data; D6 = Risk of bias arising from measurement of the out-
come; D7 = Risk of bias in selection of the reported result. 1: Narouei, S., 2023; 2: Allahverdipour, H., 2021;
3: Badawy, M., 2019; 4: Walsh, G. S. (2018); 5: Bampouras, T. M., 2016; 6: Kong, P. W., 2014; 7: Matsuo,
T., 2008; 8: Zhang, T., 2018

Basic Characteristics of Included Studies

Table 1 summarizes the basic characteristics of the included studies. All eight studies were published
between 2008 and 2023. All eight studies were published between 2008 and 2023. The studies originated
from the United Kingdom (n = 2), Japan (n = 2), and one each from the United States, China, Singapore, and
Iran. Collectively, the studies involved 278 healthy older adults. Regarding load carriage methods, four stud-
ies investigated bilateral hand-carrying, four involved unilateral carrying, two involved backpack-style carry-
ing, one involved lower-limb loading, one included pushing and pulling carts, and one assessed front-
carrying (e.g., cradling). Five studies implemented symmetrical loading, while another five assessed asym-
metrical (unilateral) loading patterns.

Table 1
Summary of General Characteristics of the Included Studies
Year of Sample Age Load Type
First Author Publication Country (f/llilg) (Years) Height Weight (kg) (Weight)
. No load; symmetrical
Narouei, S. 2023 Japan 29(7,22) | 67.96+£6.86 |157.63+8.48cm| 53.78+9.04 load (2% body weight)
Allahverdipour, No load; symmetrical
o 2021 Iran 42(21,21) >60 Not reported | Not reported loads (2, 4, 6 kg)
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Continuation of Table 1

Sample
. Year of . Age . . Load Type
First Author Publication Country (ﬁﬁ) (Years) Height Weight (kg) (Weight)
20(20,0) No load;
Badawy M. 2019 USA 5(5 0’) 59.7£3.5 175.3+4.4cm 70.2+6.6 asymmetrical load
' (5.67 kg, 10.21 kg)
No load; sta-
ble/unstable asymmet-
Walsh, G. S. 2018 UK 14(7,7) 65.0£6.0 1.70+0.10m 74+13 rical load (15% body
weight)
No load; asymmetrical
Bampouras, 19(0,19) loads (1.5 kg, 3 kg);
T M. 2016 UK 9(0.9) 71.0+6.0 1.65+0.06m 66.3£10.1 symmetrical loads
(3 kg, 6 kg)
No load; pushing load
. 52(24,28) (10 Kkg), pulling load
Kong, P. W. 2014 Singapore 32(14.18) 69.4+7.0 1.57£0.08m 62.5+10.0 (15 kg): symmetrical
load (4 kg)
11(0,11) No load; single-hand
Matsuo, T. 2008 Japan 6(0.6) 59.7+1.4 1.61£0.06m 56.8+4.7 carrying (3 kg, 8 kg)
70 21!\1a6le1: 0ke:| . NO load; symmet-
Zhang, T. 2018 China 15(8,7) | 71.43+4.72 | Not reported ’ Feméle' & rical/asymmetrical load
: 0 ;
61.02£9.47 kg (10% body weight)

All included studies employed an experimental design.

Selection of Research Instruments and Outcome Measures

The research instruments and outcome measures employed in the included studies are summarized in
Table 2. Four studies employed three-dimensional motion capture systems; three utilized surface electromy-
ography (SEMG); one used a high-speed camera with video analysis software; one implemented the
Optojump system; and one relied on a stopwatch. The outcome measures were primarily categorized into
gait parameters, joint kinematics, muscle activity, and miscellaneous variables. In terms of gait parameters,
walking speed was assessed in three studies; cadence, stride time (ST), and total double support (TDS) were
each reported in two studies; while step length (SL), step width (SW), coefficient of variation (CoV), and
step asymmetry (SA) were each evaluated in one study. For joint kinematics, the angles of the hip, knee, an-
kle, and trunk joints were measured in two studies; center of pressure (CoP) displacement and peak hip ab-
duction torque were each reported in one study. The Timed Up and Go (TUG) test duration was measured in

one study.

ISSN 3081-0531 (Print) ISSN 3081-054X (Online)




A Systematic Review of...

Table 2
Measurement Instruments and Outcome Variables in the Included Studies
Outcome Measures
Included Study Instrument Gait Joint Kinematics Muscle Activity Others
Parameters
A three-dimensional [Cadence, and |Hip, knee, and ankle |[Normalized Average Value of
N . motion capture sys- |toe off timing [joint angles EMG : rectus femoris (RF)
arouei, S.,
2023 tem, and surface
electromyography
(SEMG) system
. Timed Up
Alla:_r:vezrg;piour, Stopwatch and Go
B (TUG)
Speed Average and peak % maximum
voluntary contraction
(MVC) : left/right rectus
Surface abdomi_nis (RA), Ieft/right exter-
Badzawy M., electromyography nal obl!que (EO), Ieft/rlght inter-
019 (SEMG) system nal oblique (10), left/right
latissimus dorsi (LD), left/right
upper erector spinae (UES), and
left/right lower erector spinae
(LES)
. . Step width Hip, knee, and ankle “{Mean electromyographic (EMG)
Qc:?ii)er? _cde:ggl‘j?: Iscilr;?l (SW), and jointanglesinthe  |activity : RF, vastus medialis
Walsh, G. S., tem. and surface stride time (ST) |sagittal, frontal,and (M), biceps femoris (BF),
2018 ' transverse planes tibialis anterior (TA), gastrocnem-

electromyography
(SEMG) system

ius medialis
(GM), and soleus (SOL)

Stride length

(SL), coeffi-
cient of varia-
tion (CoV),
Bampouras, T. |Optojump, and total double
M., 2016  |treadmill support (TDS),
step asymmetry
(SA), and gait
stability Ratio
(GSR)
High-speed video Start-up time,
Kong, P. W., |camera, video analy- |and speed
2014 sis software, and
timing gates
Maximum trunk/head
lateral flexion to con-
tralateral side, maxi-
A three-dimensional mum upper arm ele-
Matsuo, T, motion capture sys- vation.for contrala-
tem, and three- teral side, contrala-
2008 : - -
dimensional force teral/ipsilateral max-
plate imum hip abduction
torque, and continu-
ous relative phase
(CRP)
A three-dimensional |Cadence, Center of pressure
motion capture sys- |speed, SL, ST, |(CoP) displacement
Zhang, 2018 |tem, and three- stance phase

dimensional force
plate

(SP), and COV
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In experimental research in sports and human movement sciences, researchers typically select appropri-
ate instruments and precise outcome measures based on study objectives, equipment accuracy, reliability,
and cost, as well as the demands of data processing and analysis.

In this study, various technologies used to measure kinematic parameters operate on a shared funda-
mental principle: capturing the trajectories of anatomical landmarks to calculate motion-related variables.
Their primary differences lie in technological sophistication and system evolution. Historically, motion cap-
ture began with Eadweard Muybridge’s pioneering use of sequential photography to capture the dynamic
movement of galloping horses—an approach later widely adopted for studying human locomotion. With the
advent and widespread adoption of video technology, researchers began employing high-speed cameras and
camcorders to record gait behavior. By analyzing sequential frames, they extracted spatiotemporal character-
istics of movement. Kong et al. used high-speed video cameras and video analysis software to measure par-
ticipants’ initiation time and gait speed [15]. The emergence of digital and sensor technologies has enabled
optical motion capture systems to record human walking trajectories with significantly enhanced precision.
Bampouras et al. employed the Optojump system to measure step length (SL) and total support duration
(TSD) during treadmill walking in older adults [7]. Similarly, Narouei et al. utilized a three-dimensional mo-
tion capture system to acquire gait parameters and joint angles [11]. The key distinction between the two sys-
tems lies in data dimensionality. The Optojump system measures temporal parameters by detecting light in-
terruptions between emitter and receiver bars, enabling the assessment of contact time, flight time, and stride
timing during walking, running, and jumping. In contrast, a three-dimensional motion capture system incor-
porates a Z-axis, enabling the capture of reflective marker trajectories on joints to derive multi-planar joint
angles at the hip, knee, ankle, and trunk.

Among the included studies, three employed similar methodologies to measure lower-limb SEMG sig-
nals during load-carrying walking in older adults. However, due to differing experimental objectives, the se-
lected muscles and evaluation metrics varied slightly. All three studies included the rectus femoris (RF) as a
target muscle. Badawy et al. additionally included muscles such as the external oblique (EO), internal
oblique (10), and latissimus dorsi (LD) to investigate trunk muscle activation during movement [13].
Walsh et al. focused on comprehensive lower-limb muscle activity and thus included a broader array of low-
er-extremity muscles in their analysis. Regarding evaluation metrics, Narouei et al. and Walsh et al. [11, 14]
conducted time-domain analysis of SEMG to calculate the average electromyographic amplitude, reflecting
the mean activation levels of the measured muscles. In contrast, Badawy et al. normalized the EMG values
of each muscle to the percentage of maximum voluntary contraction (MVC), emphasizing the relative inten-
sity of maximal muscle recruitment [13].

Biomechanical Effects of Various Load-Carrying Methods on Gait in Older Adults

In the included studies, researchers frequently designed a range of load-carrying conditions to compre-
hensively assess the effects of load carriage on gait in older adults. Load carriage methods are typically cate-
gorized as symmetrical or asymmetrical based on the distribution of weight. In symmetrical loading, weight
is evenly distributed across the sagittal or frontal plane; in contrast, asymmetrical loading results in unequal
weight distribution across the left/right or anterior/posterior axes of the body. Zhang, reported that under
asymmetrical load conditions equivalent to 10% of body weight—such as single-handed carrying, shoulder-
loading, or front-holding—older adults exhibited significantly increased cadence and decreased normalized
step length*(SL) and stride time (ST) [17]. These findings suggest that asymmetrical load carriage adversely
affects gait performance in older adults. Gait speed and step length are commonly used indicators of postural
stability during linear walking. To improve balance, older adults often adopt a compensatory strategy marked
by higher cadence and reduced step length—commonly referred to as a “shuffling gait” [18]. This strategy
shortens step length, thereby limiting the displacement of the center of mass, reducing body acceleration, and
minimizing ground reaction forces. However, existing evidence suggests that this strategy does not neces-
sarily lower fall risk in older adults. In fact, increased cadence elevates the likelihood of foot-to-foot contact,
thereby raising the risk of self-induced tripping [19, 20]. Asymmetrical load carriage introduces torsional
forces on the trunk, increasing the demand on the anti-rotational capacity of muscles around the ankle, hip,
and other joints in older adults. Additionally, it complicates the biomechanical control required to maintain
the center of mass over the base of support [21].

Narouei et al., Bampouras et al., and Badawy et al. (2019) reported no significant effects of symmetrical
load carriage on gait parameters [7, 11, 13]. Similarly, Allahverdipour et al. found that symmetrical loading
had no significant effect on the time to complete the Timed Up and Go (TUG) test [12]. Previous research
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has demonstrated that bilateral load carriage, compared to unilateral loading, significantly reduces spinal
strain, with biomechanical impact estimated to be about half that of single-handed carrying [22]. According
to Bampouras et al., symmetrical loading reduced fear of falling in older adults, enhanced perceived walking
stability, and may have modulated neural mechanisms involved in postural control [7]. The sensation of
“weighted grounding” associated with symmetrical loading was reported to enhance confidence in balance
maintenance during quiet standing.

In summary, asymmetrical load carriage impairs gait stability in older adults, as evidenced by increased
cadence and decreased step length. Carrying a symmetrical load equivalent to 5% of body weight does not
adversely affect gait in older adults and may even enhance postural stability during quiet standing.

Effects of Various Load-Carrying Methods on Joint Kinematics and Muscle Activation During
Gait in Older Adults

Matsuo et al. demonstrated that asymmetrical load carriage led to lateral tilting of the trunk and head,
unequal shoulder heights, and imbalanced extension torques between the left and right lower limbs [16].
During gait, trunk movement drives upper-limb swinging through shoulder motion, while pelvic rotation ini-
tiates lower-limb movement. At this stage, angular momentum is balanced between the upper and lower
limbs, contributing to dynamic gait stability [23]. Abnormal trunk and lower-limb movements disrupt angu-
lar momentum balance during normal gait. To compensate, other body segments perform compensatory ac-
tions, which pose greater challenges for older adults with age-related muscle weakness. In addition to load
distribution (symmetrical vs. asymmetrical), some studies also classified load carriage by the load’s physical
state: stable (e.g., solid objects) versus unstable (e.g., liquids or sand-filled containers). Walsh et al. found
that unstable load carriage had a more pronounced impact on trunk stability than stable load conditions [14].
Under unstable load conditions, the Local Divergence Exponent (LDE) in the frontal plane increases,
joint angles become irregular, and frontal-plane instability intensifies. Notably, older adults inherently
demonstrate lower mechanical stability in the frontal plane compared to the sagittal (anterior—posterior)
plane [24-26].

Asymmetrical load carriage leads to imbalanced activation of bilateral muscles, significantly impairing
the coordination of homologous muscle groups on both sides of the body. Badawy et al. reported that mus-
cles on the loaded side produced greater force than those on the unloaded side [13]. Among the trunk mus-
cles tested, four showed significantly increased activation under asymmetrical loading: the left external
oblique (EO), left lower erector spinae (LES), right latissimus dorsi (LD), and upper erector spinae (UES).
The increased activity of these muscles helped maintain an upright trunk posture during gait. Regarding low-
er-limb muscles, the rectus femoris (RF) showed elevated activation during both posterior load carriage and
symmetrical bilateral leg loading. The rectus femoris is a biarticular muscle spanning both the hip and knee
joints, primarily responsible for transferring mechanical energy between them (Thiru et al., 1999). This ac-
counts for the increased activation of the rectus femoris under load-carrying conditions. Walsh et al., after
evaluating a broader range of lower-limb muscles, reported increased activation of the soleus (SOL) [14].
However, activation levels of the gastrocnemius medialis (GM) and vastus medialis (VM) did not differ sig-
nificantly between loaded and unloaded conditions. Compared to the GM and VM, the soleus plays a distinct
role in gait, contributing more to gravitational support and forward propulsion [27, 28].

In summary, asymmetrical load carriage in older adults induces lateral trunk tilt during walking and
causes imbalanced muscle activation between the two sides of the body. Unstable loads increase trunk sway
amplitude and compromise postural stability in the frontal plane. Among lower-limb muscles, the rectus
femoris (RF) demonstrated the highest level of activation.

Effects of Different Load Weights on Gait Performance in Older Adults

Zhang reported that when older adults carried a unilateral load equivalent to 10% of their body weight,
stride time (ST) significantly decreased, while cadence significantly increased compared to unloaded walk-
ing [17]. In contrast, Bampouras et al. found that unilateral upper-limb loading using a shopping bag had no
significant effect on dynamic gait stability [7]. This suggests that frontal plane perturbations induced by such
loading can be compensated for through effective motor control strategies. However, the discrepancy in find-
ings may be attributed to differences in load design: the maximum unilateral load used in the Bampouras et
al. study was less than 5% of body weight [7].

Furthermore, Zhang reported that carrying a backpack load equal to 10% of body weight did not signif-
icantly alter gait parameters in older adults [17]. In contrast, Walsh et al. found that carrying 15% of body
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weight on the back increased step width (SW), potentially compromising postural stability [14]. SW is a crit-
ical gait parameter for evaluating fall risk in older adults. When older adults are afraid of falling, they tend to
increase step width and reduce stride length to enlarge their base of support and limit displacement of the
center of mass, thereby improving stability [4]. Similarly, McAndrew et al. found that variations in SW are
strongly correlated with gait stability [29]. A wider step width generally enhances dynamic stability during
walking by providing a broader base of support, which aids in maintaining balance and reducing fall risk.
Carrying a backpack load equal to 10% of body weight did not negatively impact gait stability in older
adults. However, when the load increased to 15% of body weight, older adults reported a perceived decline
in gait stability. This perceived instability triggered compensatory mechanisms, such as increased step width,
to improve postural control during walking.

A cross-study comparison of the included literature indicates that different load magnitudes have dis-
tinct impacts on gait parameters in older adults. Unilateral hand-held loads equivalent to 10% of body weight
were found to increase cadence and decrease gait cycle duration. Carrying a backpack load amounting to
15% of body weight was associated with increased step width during walking. However, the exact load
threshold at which gait alterations occur is influenced by various factors, including sex; physical fitness, and
functional capacity. Further experimental research is required to accurately determine this threshold.

Effects of Varying Load Magnitudes on Joint Kinematics and Muscle Activation During Gait in
Older Adults

Matsuo et al. reported that increasing asymmetrical load progressively induced lateral tilt of the head
and trunk, exacerbated shoulder height asymmetry, increased torque in the contralateral hip joint, and de-
creased torque in the ipsilateral hip [16]. As external load increases, additional musculoskeletal components
are recruited to maintain frontal plane alignment and trunk equilibrium. Moreover, adequate hip abduction
torque is essential for stabilizing the supporting lower limb. The trunk and limbs operate synergistically dur-
ing gait, and their coordination is crucial for maintaining-postural stability. Arm swing and trunk rotation
dissipate ground reaction forces and enhance gait stability. The trunk and shoulders function as biomechani-
cal dampers during locomotion, playing a critical role in maintaining postural balance. Trunk rotation and
sway help reduce gait oscillations and improve dynamic postural stability [30]. Increased loading typically
restricts natural arm swing during walking in older adults. The upper limbs assist mediolateral stability by
regulating trunk rotation. In the absence of arm swing, postural stability significantly deteriorates, particular-
ly in older adults [31]. The lower limbs and trunk coordinate synergistically to maintain both vertical and
mediolateral stability during gait. During the stance and swing phases, they regulate the body’s center of
mass (CoM), while trunk motion ensures smooth and stable locomotion [32]. Increased loading amplifies
the contribution of the trunk and limbs, whose coordinated movements are essential for maintaining postural
stability.

As asymmetrical load. increases, the body deviates further from its normal gait pattern, as indicated by
trunk lean toward the loaded side, decreased hip torque on the ipsilateral side, and increased torque on the
contralateral side.

Conclusions

This study systematically reviewed the biomechanical effects of load carriage on gait in older adults and
summarized the experimental methodologies employed to assess gait parameters, joint kinematics, and mus-
cle activity. It synthesized findings based on different load types and magnitudes, highlighting their effects
on gait stability, joint kinematics, and muscle coordination during walking in older adults. Current evidence
indicates that optical motion capture systems are predominantly used to assess gait and joint kinematics,
whereas surface electromyography (SEMG) is commonly applied to measure muscle activation. Load car-
riage compromises gait stability, alters joint kinematics, and disrupts muscle coordination—effects that are
especially pronounced under asymmetrical loading conditions.

Study Limitations

Although this study provides a comprehensive review of the biomechanical effects of load carriage on
gait in older adults—specifically in terms of gait parameters, joint kinematics, and muscle activity—several
limitations should be acknowledged: (1) The number of included studies was relatively small, which limits
the generalizability of the findings and necessitates cautious interpretation. (2) Most included studies focused
solely on level-ground walking. The biomechanical implications of load carriage under more challenging
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locomotor tasks—such as obstacle crossing or stair negotiation—remain insufficiently studied and warrant
further investigation.

Future Research Directions

In view of the biomechanical effects of load carriage on gait in older adults, future research should fo-
cus on the following key areas: (1) Investigate the effects of different load magnitudes, while considering
individual factors such as sex and physical fitness, to establish safe load thresholds for walking in older
adults. (2) Design and assess exercise-based interventions to mitigate the negative impact of load carriage on
gait performance and reduce the risk of falls in older adults.
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