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Adaptations in muscle activation and glenohumeral joint angle during manual wheelchair propulsion over an obstacle

Introduction

About 75 million people worldwide require a manual wheelchair (WHO 2018). Within manual wheelchair users, the prevalence of upper limb pain, particularly in the shoulder, is over 70% [START_REF] Smith | Prevalence of wheelchair and scooter use among community-dwelling Canadians[END_REF]. Due to the persistence of pain, their mobility and quality of life are severely compromised [START_REF] Chow | Wheelchair propulsion biomechanics and wheelers' quality of life: an exploratory review[END_REF]. Previous studies looking at wheelchair locomotion mainly investigated propulsion on a flat surface [START_REF] Koontz | Manual wheelchair propulsion patterns on natural surfaces during start-up propulsion[END_REF]Waldford 2019) and to a lesser extent over curbs, slopes, or during other advanced wheelchair skills [START_REF] Cowan | Preliminary outcomes of the SmartWheel users' group database: a proposed framework for clinicians to objectively evaluate manual wheelchair propulsion[END_REF][START_REF] Nagy | Pushrim kinetics during advanced wheelchair skills in manual wheelchair users with Spinal Cord Injury[END_REF][START_REF] Lalumiere | Ascending curbs of progressively higher height increases forward trunk flexion along with upper extremity mechanical and muscular demands in manual wheelchair users with a spinal cord injury[END_REF][START_REF] Rouvier | Manual wheelchair biomechanics while overcoming various environmental barriers: a systematic review[END_REF]. However, none have focused on the kinematics of wheelchair propulsion over an obstacle (e.g. gutters or tram tracks) despite them being com-mon within urban environments. Assessing propulsion over an obstacle would improve our understanding of the challenges and injury risks wheelchair users face while being mobile within urban environments. Thus, the aim of this study is to identify the adaptations of wheelchair users when propelling over an obstacle.

Methods

Participants

The protocol was approved by the Sainte-Justine University Hospital Center Ethics Committee (MP-21-2020(MP-21- -2533)). It included seven manual wheelchair users (six males, average mass 71.77 ± 11.38 kg, height 178.6 ± 8.1 cm, age 20-40 years, four right-handed) who had used a wheelchair for 6 months to 8 years. The participants had no history of right shoulder pain or injury, or neurodegenerative disorders.

Data collection and analysis

Each participant used his/her wheelchair during the data collection. Thirty-eight reflective markers were used to track the participants' trunk and upper right limb. Additionally, six markers were placed on the wheelchair frame, five on each back wheel, and four on the obstacle.

The kinematic data were recorded using Vicon (Vicon Motion Systems, Oxford, UK) at 250 Hz. Muscle activity was recorded at 2000 Hz using surface electromyography (EMG) electrodes for 12 muscles (Delsys, Natick, MA, USA): deltoids (anterior (DA), median (DM), posterior (DP)), trapezius (upper (TI), middle (TM), lower (TS), serratus anterior (SA), latissimus dorsi (LA), pectoralis major (clavicular head) (PS), biceps (BI), and triceps (long (TRB), lateral (TRL). For the six participants who consented, intramuscular EMG electrodes were inserted into the supraspinatus (SUPSP), infraspinatus (INFSP), and subscapularis (SUBSC).

The participants propelled themselves at a constant, comfortable, self-selected speed over a smooth, flat surface (>1 m), starting and stopping propulsion outside of the view of the cameras. The steady-state propulsion was confirmed by evaluating wheelchair velocity. Then they propelled over an obstacle with the dimensions 0.06 Â 0.12 Â 1.3 m (H Â W Â L). They began facing the obstacle with the wheelchair axle 1 m from it, and propelled their wheelchair up to 1 m after the obstacle. The participants chose the movement approach while propelling over the obstacle; no technique was imposed.

The 15 muscles' EMG maxima and the joint angle time histories (Wu 2004) were calculated and tested for normality using the Shapero-Wilks test. A paired t-test with Bonferroni correction was performed to compare the maxima glenohumeral (GH) joint angles (flexion-extension, abduction-adduction, and externalinternal axial rotation) and muscle activation for each condition.

Results and discussion

The peak GH flexion-extension angles were significantly lower (p < 0.017), and the peak GH joint external rotation angles were significantly higher (p < 0.017) during propulsion over an obstacle compared to propulsion on a flat surface (Table 1). Maximum muscle activation was significantly higher (p < 0.003) during propulsion over an obstacle compared to propulsion on a flat surface for the following muscles, with the percentage difference: DA (70 ± 20%), DM (32 ± 36%), DP (25 ± 41%), TI (72 ± 19%), TM (39 ± 36%), TS (72 ± 15%), SA (32 ± 33%), LA (75 ± 18%), PS (63 ± 29%), BI (69 ± 16%), SUPSP (19 ± 53%), and INFSP (22 ± 78%) (Figure 1).

Previous studies have found that higher peak shoulder joint angles occur whilst ascending higher curbs compared to lower curbs [START_REF] Lalumiere | Ascending curbs of progressively higher height increases forward trunk flexion along with upper extremity mechanical and muscular demands in manual wheelchair users with a spinal cord injury[END_REF][START_REF] Nagy | Pushrim kinetics during advanced wheelchair skills in manual wheelchair users with Spinal Cord Injury[END_REF]). In the present study, the flexion-extension angles recorded during propulsion over an obstacle were lower than during propulsion on a flat surface. However, the external rotation (i.e. negative axial rotation) was significantly higher. Given the high SD values for both GH joint angles and muscle activation, these results should be treated carefully. As participants chose their movement approach for the obstacle, the high SD could be due to the variance in technique and strength. Propulsion over an obstacle required a limited GH range of motion compared to flat propulsion. This may be due to the higher levels of control required to complete the obstacle. During propulsion over the obstacle, all muscles showed, on average, over 19% higher peak EMG excitations compared to propulsion on a flat surface. Propulsion over an obstacle may be more strenuous compared to propulsion on a flat surface, as wheelchair users must elevate themselves above the obstacle, counteracting gravity. Indeed, previous studies have found maxima muscle activation of the BI, PS, and DA were significantly higher whilst ascending higher curbs compared to lower curbs [START_REF] Lalumiere | Ascending curbs of progressively higher height increases forward trunk flexion along with upper extremity mechanical and muscular demands in manual wheelchair users with a spinal cord injury[END_REF].

Conclusions

Overall, GH flexion-extension angles were significantly lower, and GH external rotation angles were significantly higher whilst propelling over an obstacle than over a flat surface, Given the high SD values, it would be beneficial to expand this work by testing more participants. The peak muscle activations were higher during propulsion over an obstacle, indicating that this task is more strenuous than propelling on a flat surface. A perspective is to measure the external efforts, using an instrumented wheel, to also document the GH joint moments.
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GH joint angles

Obstacle Flat surface Flexion-extension 10.7 ± 7.4 Ã 15.7 ± 5.8 Ã Abduction-adduction 25.6 ± 6.9 27.7 ± 8.2 Internal-external axial rotation À5.1 ± 8.9 Ã À0.1 ± 4.1 Ã Ã represents a significant difference (p < 0.0017). 
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 1 Figure 1. Peak muscle excitation during propulsion on a flat surface (F) and over an obstacle (O) for deltoids anterior (DA), biceps (BI), and pectoralis major (PS).