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Synopsis 
Standing reach to grasp tasks are frequently implicated in falls among older adults, with 
quadriceps weakness identified as an independent risk factor that impairs dynamic stability during 
functional tasks. However, the relationship between quadriceps activation and balance control 
during goal-directed reaching remains unexplored. This study examined temporal coupling 
between dynamic stability and rectus femoris activation during perturbed standing reach to grasp 
in young adults. Results revealed threshold-dependent coordination emerging at moderate-to-high 
perturbation intensities, suggesting that temporal precision of quadriceps activation, not just 
strength, is critical for maintaining balance, with important implications for fall prevention. 

Background 
The ability to maintain standing balance while reaching to grasp objects is essential to many 
instrumental activities of daily living like retrieving a carton a milk from the refrigerator, grabbing a 
book off a shelf, and taking laundry out of the dryer (Nilsen et al. 2020). Moreover, the dynamic 
environment of everyday life requires the ability to adapt unpredictable disturbances, for example, 
being bumped on the arm while reaching for a coffee at a busy counter. The importance of this 
skill cannot be understated as standing while grasping objects account for 17.3% of falls in older 
individuals (Nachreiner et al. 2007; Stevens et al. 2014). Quadriceps muscle weakness has been 
identified as an independent risk factor for falls in older adults, with reduced strength impairing 
dynamic stability during functional activities such as the functional reach test, chair rise, and gait, 
and increasing fall odds by 2-3 fold in individuals over 70 years of age (Ahmadiahangar et al. 2018; 
Scarborough et al. 1999; Schenkman et al. 1996). However, this relationship has not yet been 
studied in the context of goal oriented, standing reach to grasp. We examined how dynamic 
stability is maintained to compensate for an unexpected mechanical wrist perturbation during goal-
directed grasping movements while standing, specifically investigating the change in quadriceps 
activation when dynamic stability was challenged. 

Methods 
Five young adults (age 18–35: two females) were recruited following 
IRB approved informed consent. All participants performed a 
standing reach-to-grasp task, which involved reaching and grasping 
a standardized object positioned in the mid-sagittal plane at 110% 
of arm length while maintaining whole-body balance. Participants 
stood barefoot on a force plate (Kistler Instrumente AG, Winterthur, 
Switzerland) in front of a table with self-selected stance width, using 
their right thumb and index finger to grip a fixed peg located to the 
right and anterior of the mid-sagittal plane (see Figure 1). Real-time 
visual feedback of center of pressure (COP) was provided to the 
participant to ensure consistent starting position across trials. Prior 
to the onset of reach-to-grasp movements, participants were 
instructed to center their COP on the subject-specific baseline COP 
location, which was the 10-second average of their COP location 
while participants quietly stood with their right hand pinching the 
fixed peg. On random trials, a 2-second mechanical perturbation 

Figure 1. Participants reach to 
grasp an object while standing 
on a force plate. Wrist 
perturbations applied via 
Phantom manipulandum at 
200ms post-movement onset. 



was delivered 200ms after movement onset using a Phantom Premium 1.5 HF (3D Systems, Inc., 
Andover, MA) attached proximal to the wrist styloid. Five perturbation magnitudes (P1, P2, P3, P4, 
P5, which were 4.4N, 8.8N, 13.2N, 17.6N, and 22N respectively) were presented in pseudo-
random order to minimize anticipation. Kinematic data were acquired (OptiTrak, Corvallis, OR) 
using a modified Helen Hayes marker set. Muscle activity was recorded using a wireless EMG 
system (Delsys Inc., MA, USA) with 22 electrodes placed across the right upper extremity, bilateral 
trunk, and lower limbs. EMG and kinetic signals were processed in MATLAB (MathWorks Inc., 
R2021b, Natick, MA) using standard procedures. Kinematic data were processed in Visual3D 
(HAS-Motion, Kingston, Ontario) using standard procedures. To characterize the dynamic postural 
stability during the task, the anteroposterior difference between center of mass (COM) and COP 
was quantified (Winter, 1995). EMG signals were normalized to a baseline trial in which the subject 
resisted the anticipated highest perturbation level (P5) for four seconds. The coupling of the 
dynamic postural stability and rectus femoris activation in response to perturbation was quantified 
via cross-correlation. 

Results 
A Friedman test revealed a significant main effect of perturbation condition on the correlation 
between COM-COP difference and normalized RF activation between 50-500ms post-perturbation 
at zero lag (𝜒!(5)=20.66, p<0.001). The control condition demonstrated a moderate, negative 
correlation (median=-0.45), indicating some temporal coupling between dynamic stability 
measures and quadriceps activation during unperturbed reaching. This negative coupling is likely 
due to the de-activation of the quadriceps as part of the anticipatory postural adjustment that hits 
its peak at movement onset with the negative shift in COM-COP difference in the control condition 
as seen in Figure 2a. The P1 condition showed a shift towards positive correlations (median=0.25), 
while P2 exhibited moderate positive correlations (median=0.65). Post-hoc pairwise comparisons 
revealed that P3 differed significantly from control (median=0.75, p<0.05), indicating emerging 
temporal synchronization at moderate perturbation intensities. The P4 and P5 conditions 
demonstrated strong positive correlations (medians=0.78, and 0.80, respectively), with highly 
significant differences from control (p<0.01). No significant differences were observed among the 
three highest perturbation conditions, suggesting a plateau effect in the increase of COM-COP 
difference and increase EMG activation, suggesting further increases in COM-COP difference 
relies on increased activation magnitude in RF rather than improved timing. These findings 
indicate that temporal synchronization between dynamic stability and quadriceps activation 
emerges progressively with increasing perturbation magnitude, reaching maximal coordination at 
moderate-to-high perturbation intensities where quadriceps activation becomes necessary to 
maintain postural stability. 

Figure 2: a. Mean COM-COP difference and normalized RF activation over time per condition. 
MO=Movement Onset, Pert.=Perturbation. b. Cross-correlation of COM-COP difference and normalized RF 
EMG at zero lag. Box=IQR with median (solid line); whiskers=99% CI. Post-hoc Friedman test: *p<0.05 
(Control vs P3), **p<0.01 (Control vs P4, P5). 



Discussion 
The progressive strengthening of temporal coupling between dynamic stability (COM-COP) and 
RF activation with increasing perturbation amplitude reveals a critical threshold-dependent 
neuromuscular mechanism for balance maintenance during perturbed goal-directed reaching. 
While previous research has established that quadriceps weakness increases fall risk 
(Ahmadiahangar et al. 2018; Scarborough et al. 1999), our findings extend this understanding by 
demonstrating that temporal precision of quadriceps activation, not just strength, is essential for 
maintaining dynamic stability during standing reach-to-grasp and reveal that quadriceps activation 
is necessary regardless of perturbation location, including perturbations to the upper extremity that 
do not directly engage the lower limbs. The significant positive correlations emerging at moderate 
perturbation intensities and plateauing at higher intensities suggest that successful balance 
recovery requires rapid temporal synchronization between stability detection and corrective 
muscle activation when environmental demands increase. These findings have important 
implications for fall prevention in older adults and stroke survivors. The moderate, negative 
correlations during unperturbed control reaching indicate feedforward motor programming suffices 
for predictable conditions (Stapley et al. 1998). However, real-world environments frequently 
involve unexpected perturbations demanding rapid feedback-driven coordination. The delayed 
emergence of significant coupling until moderate perturbation intensities suggests that young 
healthy adults only require temporal synchronization between stability and quadriceps activation 
when perturbations sufficiently challenge postural control, at which point coordinated muscle 
activation becomes necessary to maintain balance during reaching. This threshold-dependent 
coupling mechanism warrants investigation in older adults and clinical populations, as age-related 
declines in quadriceps strength and sensorimotor integration delays may shift this threshold to 
lower perturbation intensities or impair the temporal precision of corrective responses, potentially 
explaining the elevated fall risk during everyday reaching tasks especially those involving 
unexpected environmental demands (Gordleeva et al. 2025; Schenkman et al. 1996). 
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