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ABSTRACT

OlJ[IqnYz Symmetrical and asymmetrical bag carrying during repetitive activities

Article Info: such as walking may increase mechanical loading and potentially elevate the risk of

musculoskeletal injury. Analysis of ground reaction forces (GRF) during walking is
Received: 26 January 2026 therefore of clinical relevance. The aim of this study was to investigate the vertical
Accepted: 25 February 2026 ground reaction force during different symmetrical and asymmetrical bag-carrying
Available Online: 28 April 2026 conditions.

Seventeen female university students voluntarily participated in this study.
Vertical ground reaction force data were recorded using an RSscan foot scanner at a
sampling frequency of 300 Hz. Two asymmetrical carrying conditions (single-hand
carrying and single-shoulder carrying) were compared with two symmetrical
conditions (backpack and front pack).

Carrying a bag with one hand resulted in a significantly higher loading rate
compared with single-shoulder carrying (P = 0.007) and backpack carrying (P =
0.005). However, no significant difference in loading rate was observed between
single-hand carrying and front-pack carrying (P = 0.051). The time to peak vertical
ground reaction force at heel contact was significantly shorter during front-pack

Keywords: carrying compared with single-hand carrying (P = 0.03).
Single-hand bag carrying is associated with a significantly greater

Loading rate, Symmetrical loading rate compared with single-shoulder and backpack carrying. Given that these

load, Asymmetrical load, impact forces are applied at every heel strike during walking, minimizing single-hand
Vertical ground reaction bag carrying may help reduce repetitive mechanical loading.
force
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1. Introduction

Carrying a bag is a common daily activity across various age groups and occupations, including students
and office workers (1). The method of load carriage has been shown to influence gait biomechanics and
ground reaction forces (2). Previous studies indicate that both bag design and carrying strategy substantially
affect the magnitude and distribution of forces applied to the body (3-5). Alterations in gait pattern and
increases in reaction forces may elevate mechanical stress on the lower-extremity joints and potentially
increase the risk of musculoskeletal injury (6,7). Repetitive activities performed under external load, such
as walking while carrying a bag, have been proposed as contributing mechanisms in the development of
movement impairments (8). Furthermore, carrying a backpack equivalent to 10% of body weight for 30
minutes has been reported to induce short-term musculoskeletal alterations (9,10).

In daily life, individuals typically carry bags either symmetrically (e.g., backpack or front pack) or
asymmetrically (e.g., single-hand or single-shoulder carrying) (2,11,12). From a biomechanical
perspective, symmetrical loading may promote a more even distribution of forces between the lower limbs,
whereas asymmetrical loading may alter center-of-mass alignment and increase joint loading asymmetry
(2,13). Studies examining asymmetrical loading have reported limb differences in plantar pressure and
postural control (14,15). The analysis of vertical ground reaction force (GRF) during walking is clinically
relevant (16). Variables derived from vertical GRF—such as peak force, time to peak, impulse, and vertical
loading rate—provide insight into mechanical loading characteristics. Increased vertical loading rate has
been associated with stress fractures, patellofemoral pain, and plantar fasciitis (17-20). Despite existing
research on load carriage, direct comparisons of vertical GRF characteristics between symmetrical and
asymmetrical bag-carrying methods remain limited. Therefore, the aim of the present study was to compare
vertical GRF variables during symmetrical and asymmetrical bag carrying in healthy young women.

2. Methods

The present study employed a quasi-experimental, repeated-measures laboratory design. Seventeen female
students from Malayer University without any history of musculoskeletal disorders participated
voluntarily. Participants were recruited through an open call at the university. A Pierre Cardin laptop bag
(Model 2189, Iran) was used for all load carriage conditions. The load was standardized to 10% of each
participant’s body weight (22). Vertical ground reaction force (GRF) data were recorded using a FootScan
pressure platform (RSscan-9, Belgium; dimensions: 578 x 418 x 12 mm) operating at a sampling frequency
of 300 Hz. The system contains 4096 active sensors. Data were collected during the stance phase of
walking, defined as the interval from initial heel contact to toe-off. From the vertical GRF curve (Fig. 1),
the following variables were extracted: first peak vertical force at heel contact (FzI.C), mid-stance vertical
force (FzM.S), and propulsion phase vertical force (FzP.O). Temporal variables included time to peak at
heel contact, mid-stance, and propulsion. All variables were calculated from the stance-phase vertical GRF
waveform.

3. Results

No significant differences were observed among bag-carrying conditions in peak vertical ground reaction
force at heel contact (Fzl.C), mid-stance (FzM.S), or propulsion phase (FzP.O) (P > 0.05). Analysis of
temporal variables revealed significant differences in time to peak vertical GRF. During single-hand
carrying, time to peak at heel contact was significantly shorter compared with single-shoulder carrying (P
= 0.003) and backpack carrying (P = 0.03). Additionally, time to peak at mid-stance was significantly
shorter in the single-hand condition compared with the single-shoulder condition (P = 0.018). No other
significant temporal differences were detected. Vertical loading rate differed significantly between
conditions. Single-hand carrying resulted in a significantly greater loading rate compared with backpack
carrying (P = 0.003) and single-shoulder carrying (P = 0.003). No significant differences were observed in
vertical impulse across the different bag-carrying methods (P > 0.05).
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Fig. 1. Vertical loading rate (BW/s) across different bag-carrying conditions (mean + SD).

4. Discussion

The present study compared symmetrical and asymmetrical bag-carrying methods with respect to vertical
ground reaction force (GRF) characteristics during walking. No significant differences were observed in
peak vertical GRF across heel contact, mid-stance, or propulsion phases. This finding suggests that altering
the method of load carriage at 10% body weight does not substantially change the magnitude of peak
vertical force. Similar observations have been reported in previous studies examining load carriage and
peak GRF responses (24). However, temporal characteristics of force application differed between
conditions. Specifically, single-hand carrying resulted in a shorter time to peak vertical GRF at heel contact
and mid-stance compared with selected symmetrical conditions. Because loading rate is mathematically
influenced by both force magnitude and time to peak, the reduced time to peak in the single-hand condition
contributed to a significantly greater vertical loading rate. Increased loading rate has been associated with
stress-related musculoskeletal conditions, including stress fractures and patellofemoral pain (17-20).
Although the present study did not assess injury outcomes, these findings suggest that asymmetrical single-
hand carriage may increase instantaneous mechanical loading demands during walking. No significant
differences were observed in vertical impulse, indicating that the total accumulated load during stance
remained comparable across carrying methods. Therefore, the primary distinction between conditions
appears to lie in how rapidly force is applied rather than in total load magnitude. From a practical
perspective, when load carriage is necessary, symmetrical methods such as backpack use may provide a
more mechanically favorable pattern of force application compared with single-hand carrying. However,
given the modest load (10% body weight) and the absence of kinetic asymmetry measures or long-term
follow-up, conclusions regarding injury risk should be interpreted cautiously. Future studies incorporating
kinematic, electromyographic, and bilateral force analyses are warranted to further clarify the
biomechanical consequences of different load carriage strategies.
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