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SUMMARY 

In this study, we manipulated proprioceptive input of the 

triceps surae muscles using Achilles Tendon Vibration (ATV) 

in order to investigate the process of multi-sensorial 

reweighting during voluntary rhythmic sway. ATV induced a 

strong excitatory effect on the muscles controlling periodic 

sway in the sagittal plane that was not altered much by 

increasing the load of sensory-motor processing in other 

channels when sway was either visually or auditory guided.   

 

INTRODUCTION 

Achilles Tendon Vibration (ATV) elicits a discharge of 

spindle group Ia afferents, providing an illusion that the 

muscle is lengthening [1]. In a freely standing individual, 

ATV induces a backward centre of pressure displacement. 

These behavioral responses are inhibited when ATV is applied 

together with more dynamic proprioceptive disruptions such 

as those experienced when standing on an unstable support 

[2], on a platform that is unpredictably tilted [3] and during 

normal walking [4]. Moreover, the CNS can use additional 

tactile feedback about body orientation to eliminate the 

destabilizing effect of ATV on body’s posture [5].  Based on 

this evidence, it is suggested that when multiple 

proprioceptive stimuli are combined to disrupt equilibrium, 

the CNS selectively disregards the information from a less 

challenging and weaker tonic input showing a capacity to 

rapidly assess and reweigh the available sensory information 

depending on its efficacy towards overall postural stability.   

 

Periodic Sway (PS) in the sagittal plane is a voluntary whole 

body task in which the body oscillates as an inverted 

pendulum around the ankle joint. The strength of the 

relationship between postural sway and ankle muscle activity 

reflects the importance of the ankle plantarflexors/dorsiflexors 

in controlling anterior/posterior sway [6]. 

 

In the present study, we applied ATV bilaterally during self 

paced, visually and auditory guided PS in order to investigate 

the processes of multisensory integration during task 

performance. We hypothesized that the degree of inhibiting 

postural responses to ATV during periodic sway is dependent 

on the load of sensory-motor processing in the other sensory 

channels (visual and auditory).  

 

METHODS 

Seventeen young university students (10 males, 7 females; 

age: 26.7 ± 4.23 years; height: 174.7 ± 10.6 cm; mass: 72.1 ± 

13.7 kg), with no self-reported history of neurological and 

musculoskeletal impairment participated in the study after 

giving their informed consent. 

 

Two adjacent 3D force plates (Bertec Balance Plate 6501, 

USA) recorded the ground reaction forces during task 

performance. Force signals were sampled through an A/D 

acquisition card (CB-68LP-National Instruments, 60 Hz) prior 

to feeding back and displaying them in real-time via a large 

stereo projector (Barco Baron 908, Belgium, 67 in diagonal) 

located in front of the participant at a distance of 1 m, at eye 

level. Muscle activity was synchronously recorded using 

surface electromyography (EMG) (MP100 A-CE, Biopac 

Systems Inc.,California). Surface bipolar electrodes were 

placed over the Tibialis Anterior (TA), Medial Gastrocnemius 

(MG) and Soleus (SOL) of the right leg. A pair of ankle 

tendon vibrators (Techno-Concept VB 115, 80 Hz, 3mm) was 

bilaterally attached over the Achilles tendon. All signals were 

synchronously sampled and processed using custom 

developed algorithms implemented with LabView (V. 8.6, NI 

USA) and MatLab (V.7.7, MathWorks Inc, USA).  

 

The participant stood on the dual force platform positioning 

his/her feet parallel (inter-heel distance of 10cm, forefoot on 

one platform, rearfoot on the other) in such a way that Body 

Weight (BW) was equally distributed between the two 

platforms. The task required periodical swaying in the sagittal 

plane (forward/backward) with the goal of transferring BW 

between the two platforms. Each trial consisted of 15 PS 

cycles and was divided into three phases; the first 5 cycles 

were performed without ATV (pre-vibration phase), the 

middle 5 cycles with ATV bilaterally applied (vibration phase) 

and the last 5 cycles without ATV (post-vibration phase). The 

PS task was performed under three sensory conditions: a) Self-

Paced sway: the participant was asked to sway at his/her own 

pace with eyes closed. b) Auditory-Paced sway:  the PS task 

was paced by a computer generated metronome (0.25 Hz). c) 

Visually-Paced sway: the participant swayed while matching 

the resultant force vector to a computer-simulated sine wave 

target displayed on a projection screen. Three PS trials were 

performed in each sensory condition while the order of 

presentation of the sensory conditions was randomized. 

Postural sway and muscle activation parameters were analyzed 

across the 3 vibration phases and 3 sensory conditions using 

repeated measures (3x3) ANOVA.  



  
 Figure 1:  Representative synchronized signals of normalized force 

(% of BW) and EMG activity of Medial Gastrocnemious (MG), 

Soleus (SOL) and Tibialis Anterior (TA) during one trial of self 

paced periodic sway.  

 

RESULTS AND DISCUSSION 

Forward sway is controlled by the eccentric action of MG and 

SOL which then contract concentrically to bring the body back 

to the mid-stance position (Figure 1). Similarly, backward 

sway is controlled by the eccentric and then concentric action 

of TA. In the forward direction, ATV resulted in a significant 

sway reduction [F (2, 32) = 44.87, p < 0.001] and increased 

variability of forward leaning [F (2, 32) = 29.54, p <0.001] 

possibly due to the tonic vibration reflex activation of SOL 

and GM during both the eccentric and concentric phase of 

forward sway. This was confirmed by an earlier burst onset 

[GM: F (2, 20) = 3.52, p < 0.05; SOL: F (2, 20) = 10.02, p < 

0.001] and a higher RMS [GM: F (2, 32) = 3.21, p = 0.053; 

SOL: F (2, 32) = 6.69, p < 0.05] of both GM and SOL during 

the ATV cycles. During backward sway, ATV resulted in an 

increase of sway amplitude [F (2, 32) = 23.61, p < 0.001] that 

was underlined by an increase in TA’s activation [burst 

duration: F (2, 32) = 25.58, p < 0.001; RMS: F (2, 32) = 

17.01, p < 0.001; burst onset: F (2,32) = 5.82,p < 0.01].  

Although sway amplitude returned to pre-vibration levels after 

the offset of vibration (post-vibration phase), interesting post-

vibration effects were noted in sway variability and muscle 

activation patterns; Specifically, GM and SOL’s prolonged 

activation in the post-vibration phase resulted in sustained 

high variability of forward sway but a substantial reduction of 

backward sway variability [F (2, 32) = 66.29, p < 0.001] 

possibly due to the sustained antagonistic co-activation of 

SOL and MG. Limited sensory condition by ATV interaction 

effects noted for the behavioral but not the neuromuscular 

measures suggest that the sensory guiding stimuli (auditory, 

visual) did not significantly alter the effects ATV.  
 

CONCLUSIONS 

ATV has a strong excitatory influence on the ankle muscles 

controlling rhythmic voluntary sway in the sagittal plane that 

does not seem to be inhibited by the presence of additional 

visual or auditory constraints imposed to control the sway 

task. The dissimilar findings of the present study and those 

showing an inhibition of responses to ATV when balance is 

proprioceptively challenged [2-4] reflect a general sensory-

motor plan, whereby muscle Ia input is processed according to 

the task at hand and the presence of sensory constraints. It 

seems that Ia afferent input induced by ATV has so strong 

influence on the ankle muscles controlling periodic sway that 

is little affected by sensory input across other channels.  
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Table 1: Sway (peak amplitude normalized to BW and variance) and EMG RMS (normalized to RMS of the pre-ATV cycles) during the 5 pre 

ATV, 5 ATV and 5 post ATV cycles of Forward (FS) and Backward (BS) Sway. Group means ± SD.  

 

                                                         Self-paced sway                                               Auditory-paced sway                                             Visually-paced sway 

 Pre ATV ATV Post ATV Pre ATV ATV Post ATV Pre ATV ATV Post ATV 

FS amplitude  .536(±.090) .500 (±.097) .544(±.096) .526(±.100) .483(±.115) .538(±.102) .534(±.092) .512(.±098) .542(±.093) 

BS amplitude .363(±.089) .392(±.091) .359(±.081) .371(±.094) .402(±.091) .369(±.090) .365(.±078) .386(±.078) .369(±.082) 

FS variance 9.31(±2.60) 11.93(±2.86) 11.86(±2.87) 8.63(±1.78) 11.00(±2.90) 12.31(±3.15) 7.02(±1.87) 9.39(±2.67) 9.91(±2.46) 

BS variance 7.54(±3.40) 7.68(±2.78) 3.78(±2.14) 8.29(±3.13) 9.31(±2.09) 4.35(±1.34) 7.12(±3.09) 7.21(±2.71) 4.06(±2.54) 

GM RMS (nu) 1 1.126(±.340) 1.038(±.081) 1 1.104(±.194) 1.104(±.193) 1 1.086(±.172) 1.042(±.077) 

SOL RMS (nu) 1 1.800(±.873) 1.051(±.102) 1 1.490(±.868) 1.028(±.107) 1 1.648(±.802) 1.038(±.079) 

TA RMS  (nu) 1 1.212(±.155) 1.008(±.141) 1 1.240(±.299) 1.030(±.243) 1 1.203(±.290) 1.020(±.137) 

 


