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SUMMARY 

Biomechanical and physiological parameters were compared 

during voluntary contractions (20% of maximal torque) 

sustained to failure as subjects either supported an inertial 

load (high-compliance task) or exerted an equivalent force 

against a rigid restraint (low-compliance task).  The high-

compliance task was briefer than the low-compliance task 

although the decline in maximal torque and changes in 

muscle oxygenation were similar at the end of both tasks.  

These data suggest that differences in fatigability between 

low-compliance and high-compliance tasks likely do not 

originate from muscle blood flow and oxygenation.  

 

INTRODUCTION 

One of the purposes of ergonomics is to design work stations 

that minimize muscle fatigue.  Although muscle fatigue 

results from various factors that depend on the task being 

performed, previous work have documented a briefer time to 

failure, i.e. greater fatigability, for tasks involving to support 

inertial load (high-compliance task) compared with tasks 

requiring to exert an equivalent torque against a rigid 

restraint (low-compliance task)(1).  The briefer time to 

failure for high-compliance tasks is accompanied with a 

faster increase in muscle activity, as indicated by the faster 

increase in the electromyogram (EMG) of actives muscles 

(2,3,4).  However, it remains unclear if those differences 

originate from metabolic or hemodynamic parameters.  

Understanding the influence of load compliance on fatigue 

mechanisms may help to improve ergonomic designs in 

order to reduce deleterious effects of fatigue such as the 

decrease in force control. 

The aim of this study was to investigate the influence of load 

compliance on biomechanical, metabolic and hemodynamic 

parameters during isometric elbow flexion contractions 

sustained for as long as possible.  

 

METHODS 

Eleven subjects (21-36 yrs; 5 women) participated to this 

study. Subjects were seated in an adjustable chair with the 

right arm abducted slightly and the elbow resting on a 

padded support with the forearm horizontal and held in a 

position midway between pronation and supination.  The 

isometric torque exerted by the elbow flexors in the vertical 

direction was recorded by a force transducer.  Elbow angle 

during the low-compliance task was measured with a 

potentiometer that was taped to the lateral side of the upper 

limb across the elbow joint.  The subject's wrist and forearm 

were placed in the custom-made orthosis and an inertial load 

equivalent to 20% of the maximal torque was suspended 

from it at the same location that contacted the force 

transducer (distal part of the forearm) during the low-

compliance task.  The output of the force transducer and 

potentiometer was displayed on a monitor in front of the 

subject for the low- and high- compliance tasks, 

respectively.  

Surface EMG was recorded from the biceps brachii and the 

main antagonist muscle (triceps brachii).  Oxygenation 

changes in the biceps brachii and triceps brachii were 

evaluated during the two tasks by near-infrared spectroscopy 

(NIRO-200NX, Hamamatsu, Japan).  Spatial resolved 

spectroscopy method was used to compute the tissue 

oxygenation index (TOI) and the normalized hemoglobin 

concentration index (nTHI).  The nTHI parameter represents 

the hemoglobin concentration index relative to the initial 

value of total hemoglobin (nTHIrest = 1).  

After the torque and the associated EMG were recorded 

during brief maximal voluntary contractions (MVC) of the 

elbow flexor and extensor muscles, subjects in one 

experimental session had to exert a constant torque (20% 

MVC) against the force transducer for as long as possible 

(low-compliance task).  The task was stopped when the 

subject was unable to maintain the required torque level for a 

period of 3s.  In a second experimental session, subjects had 

to maintain an elbow angle of 90° while an inertial load 

corresponding to 20% MVC was attached to the wrist (high-

compliance task).  This task ended when subjects were 

unable to keep the elbow joint at the target angle. 

Immediately after the end of the task, an MVC was 

performed.  The order of the two experimental sessions was 

counterbalanced across subjects. 

Two-way ANOVAs with repeated measures (task condition 

x time) were used to identify significant (statistical threshold 

set at P< 0.05) changes across time and differences between 

the two load-compliance conditions. 

 

RESULTS AND DISCUSSION 

The time to failure was briefer (P = 0.02) for the high- 

compliance task (411 ± 51s) as compared with the low-

compliance task (540 ± 59s) although the decline in maximal 

torque was similar for the two tasks (-23.9% for both tasks). 



These data are in agreement with previous work showing a 

briefer duration for the low-compliance task while decline in 

MVC torque was similar (1).  

Mechanical fluctuations, expressed as the coefficient of 

variation for force (low-compliance task) and standard 

deviation of the joint angle (high-compliance task) increased 

in both tasks but to a greater extent (P < 0.05) for the low-

compliance task (+400 ± 171% of initial) than the high-

compliance task (+289 ± 119% of initial).  

At the start of the contraction, the EMG activity for the 

biceps brachii was 15.5 ± 6.0 and 17.3 ± 6.5% MVC in the 

low- and high-compliance tasks, respectively.  Thereafter, 

the EMG activity increased to 28.6 ± 11.2 and 27.5 ± 12.2% 

MVC at the end of the low- and high-compliance tasks (time 

main effect, P<0.001).  Similarly, the EMG activity for the 

triceps brachii (antagonist muscle) did not differ between the 

two tasks and increased (time main effect, P = 0.003) from 

14.8 ± 12.3 to 18.7 ± 6.5% MVC for the low-compliance 

task and from 16.9 ± 9.0 to 23.1 ± 7.0% MVC for the high- 

compliance task.  

 

Figure 1 – Changes in TOI (upper panel; expressed as 

percentage of rest value, i.e. before the sustained 

contraction) and nTHI (lower panel) for the biceps brachii 

during the low- (filled circles) and high-compliance tasks 

(open circles). The horizontal dashed lines represent the 

resting value. * statistical difference with resting value 

(P<0.05).  

 

TOI from the biceps brachii was 74.7 ± 4.8% and 76.1 ± 

5.4% at the start of the low- and high-compliance task, 

respectively, and decreased slightly during both tasks (time 

main effect, P< 0.001) without any difference between the 

two tasks (Figure 1).  However, nTHI for the biceps brachii 

did not change significantly for the two tasks (task x time, P 

= 0.99)(Figure 1).  Moreover, no statistical variation in TOI 

and nTHI was observed for tricep brachii, regardless of the 

load compliance.  

   
These data indicate an increase in oxygen consumption in 

the biceps brachii during the fatiguing tasks without any 

significant restriction in muscle blood flow.  However, 

difference in muscle oxygenation and muscle blood flow did 

not appear to play a key role in the briefer time to failure 

observed for the high-compliance task.  Nevertheless, subtle 

differences in the concentration of metabolic by-products 

between the two stability conditions cannot be ruled out 

from the present data, and further work is needed to 

investigate such possibility. 

  

CONCLUSIONS 
These data indicate that load-compliance influences the 

duration an individual can sustain a voluntary contraction.  

However, the present work indicates that muscle tissue 

oxygenation and blood flow changed similarly regardless of 

the limb stability.  As a consequence, those parameters are 

likely not at the origin of the briefer time to failure observed 

when load compliance is increased. 
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