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INTRODUCTION 
Surface electromyography (sEMG) is a frequently-used 

measure of underlying muscle function. However, the direct 

link between sEMG and the resultant joint motion is not well 

understood. In silico forward dynamics modelling has shown 

that movement outcomes are highly dependent on the muscles 

recruited and the timing and intensity of their activations [1]. 

Thus, it is critical to better understand the in vivo relationship 

between muscles’ motor inputs (i.e. activation measured using 

sEMG) and outputs (i.e. the resulting joint motion patterns). 
 

In terms of the spine, coordinated agonist/antagonist muscle 

activation is a key variable in ensuring a stable joint and 

movement trajectory to avoid pain and/or injury [2]. Here we 

use a continuous wavelet approach to determine coherence 

between sEMG and kinematics in the time-frequency domain 

during a goal-directed repetitive spine flexion/extension task. 

We hypothesize that the use of wavelet coherence and phase 

plots can provide valuable insight into how sEMG drives the 

kinematics of movement, and will provide a method of 

assessing various factors (e.g. pain and fatigue) that moderate 

this relationship to alter neuromuscular control of movement. 
 

METHODS  
Fourteen healthy males provided their informed consent to 

participate in a previously published study [3]. sEMG 

electrodes (Trigno, Delsys Inc., MA, USA) were placed 

unilaterally (right-side) over seven muscles of the trunk. Data 

from the lumbar erector spinae (LES) and internal oblique (IO) 

were chosen for this analysis. Participants performed 35 cycles 

of repetitive unloaded spine flexion/extension movements with 

a constrained pelvis to the beat of a metronome at a rate of 0.25 

Hz. Two instrumented targets - at shoulder height and knee 

height in the anterior sagittal midline – were touched each 

cycle by both hands with arms extended [3]. Kinematic data of 

the full body were captured at 200 Hz with an Oqus 400+ 

motion capture system (Qualisys, Sweden). Visual3D (v 5.0, C-

Motion Inc., MD, USA) was used to compute 3-D lumbar spine 

angles, but only flexion/extension data were used for this study.  
 

The continuous wavelet transform (CWT) was used to analyze 

EMG characteristics over a broad dynamic range, and to 

determine coherence relationships with kinematic data. The 

Morlet wavelet basis function was selected because its scales 

have a direct relationship to Fourier period [4]. CWT 

coefficients were calculated for frequencies ranging from 0.02 

to 100 Hz. Forty-eight scales between discrete wavelet scales 

(e.g. s = 2, 4, 8, 16, etc.) were used to capture subtle changes 

in low frequency content (total of 591 frequencies). CWTs and 

wavelet coherence were computed with an adapted version of 

Matlab (The Mathworks, MA, USA) wavelet coherence 

software. Coherences and phase angles were computed 

between LES and IO sEMG signals and sagittal plane lumbar 

spine kinematic data. R2 values in the 0.05 to 4 Hz band were 

averaged in time to obtain a frequency profile.  R2 was 

separately averaged for the same frequency over time.  
 

RESULTS 

Across all participants LES tended to precede lumbar extension 

with a well-defined, but relatively brief activation peak. 

Conversely, IO contractions were longer and exhibited no clear 

peak activation during many of the movement cycles. Both 

muscles strongly cohered with kinematics at 0.25 Hz, which 

corresponds to one movement cycle.  Figure 1 shows the 

ensemble averages of the coherence between lumbar spine 

kinematics and LES and lumbar spine kinematics and IO. At 

the full cycle frequency (0.25 Hz), the flexion and extension 

portions (0.5 Hz), and each trunk acceleration direction change 

(1 Hz), LES coherence was significantly higher than IO. 

 
Figure 1: Ensemble averages (+ 95% confidence intervals) of 

the coherence between lumbar spine kinematics and LES 

(blue) and lumbar spine kinematics and IO (red). 
 

DISCUSSION AND CONCLUSIONS 

According to the coherence results presented, both LES and IO 

are important contributors to trunk kinematics, although LES 

appears to be the principal mover while IO contributes more to 

stabilization. The close agreement between lumbar spine 

kinematics and the linear enveloped sEMG of both muscles in 

traditional time series acts as an internal validation of the 

coherence technique. We propose that wavelet coherence may 

be helpful in evaluating how a variety of factors (e.g. pain, 

dysfunction, pathology, fatigue) affect the relationship 

between muscles’ motor inputs (i.e. activation measured using 

sEMG) and outputs (i.e. the resulting joint motion patterns). 

More specifically, these particular analyses allow for the 

assessment of change in the strength of the relationship 

(coherence) as well as the time-lag (phase) between two 

signals; similar to a cross-correlation, but in the time and 

frequency domains. 
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