Effects of breathing on muscle strength of large muscle groups
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INTRODUCTION

The Valsalva maneuver (VM) refers to a forced expiration against a closed glottis. This technique is usually recommended for athletes during maximal voluntary contraction (MVC), because the VM could potentially maximize force output. However, the VM has associated potential negative effects on the cardiovascular system compared to normal breathing, such as increased blood pressure. Recently, Li and Laskin (2006) reported that peak force of the finger flexors increased significantly from forced inspiration to forced expiration. Interestingly, the peak forces were not significantly different from that produced during the VM. Since the VM is generally used in large muscles, the purpose of this study was to generalize these results to large muscles by examining the ventilation effects on muscle strength of big muscles, including knee muscles, shoulder muscles, and elbow muscles. 
METHODS 
Muscle strength of the knee joint was tested in one group (N=10), while muscle strength of shoulder and elbow joints was tested in another group (N=10). In the knee group, subjects were seated in a KimCom dynamometer chair with a face mask connected to a pneumotachometer to monitor ventilation. The trunk was restrained with the both arms crossed in front of the chest. The hip and knee joints were approximately 90º of flexion. After a 10-minute warm-up, subjects were instructed to produce 3~5 second maximal isometric knee flexion and extension force, respectively, under the following breathing conditions: 1) Normal breathing; 2) Valsalva maneuver (VM); 3) Synchronized forceful inhalation (i.e., MVC is synchronized with inhalation, IN), and 4) Synchronized forceful exhalation (OUT).
Similarly, the hip, knee, and ankle joints of both sides rested at about 90º of flexion in the shoulder elbow group. The elbow joint was tested at 90º of flexion for both elbow flexion and extension MVC when the shoulder joint was kept at approximately the neutral position; the forearm was fully supinated, and the mechanical stop was secured to the distal quarter of the test forearm for both elbow flexion and extension. The shoulder joint was tested at 45º of abduction when the mechanical stop was secured to the middle upper arm, and the elbow was maintained at about 90º of flexion. Note that the trunk was not restrained during experiments. Specific instructions were given to assure there was no tilting or leaning of the trunk during the experiments. The same procedures and breathing conditions were used for both elbow and shoulder joints. Within each group, breathing conditions and muscle contractions were randomized. Two trials were tested for each condition.
The peak force of each trial was calculated. To compare the effect of breathing, the peak forces during IN, OUT, and VM, were normalized to that measured during normal breathing. A two-way ANOVA was used. Factors were BREATH (3 levels, IN, OUT, VM) and MUSCLE (2 levels, FLEX/EXT).    
RESULTS AND DISCUSSION

The effect of voluntary breathing on muscle strength was consistently observed in all tested muscle groups. In agreement of previous reports, the effects were respiratory phase-dependent and muscle-specific (Fig 1). Shoulder addition MVC was significantly decreased during forceful inhalation (IN) (F[2,18]=7.74, p=0.004); elbow extension MVC was significantly decreased during IN (F[2,18]=3.90, p=0.039); knee extension MVC was enhanced during OUT (F[1,9]=9.35, p=0.014).  
[image: image1.wmf]MVC (%)

80

90

100

110

120

IN

OUT

VM

ABD

ADD

A. Shoulder

MVC (%)

80

90

100

110

120

IN

OUT

VM

ABD

ADD

ABD

ADD

A. Shoulder

  

[image: image2.wmf]MVC (%)

80

90

100

110

120

IN

OUT

VM

Flex

Ext

B. Elbow

MVC (%)

80

90

100

110

120

IN

OUT

VM

Flex

Ext

Flex

Ext

B. Elbow


[image: image3.wmf]80

90

100

110

120

IN

OUT

VM

MVC (%)

Flex

Ext

C. Knee

80

90

100

110

120

IN

OUT

VM

MVC (%)

Flex

Ext

Flex

Ext

C. Knee


Fig 1 The effect of breathing on muscle strength. Muscle strength was normalized to the peak force during normal breathing. 
Interestingly, MVC during the Valsalva maneuver was not significantly different from MVC measured during OUT. 

In addition, synchronized forceful exhalation (OUT) imposed positive effects on muscle strength during shoulder adduction (Fig 1A), elbow extension (Fig 1B), and knee extension (Fig 1C). When taking into count the finding of increased finger flexion MVC during OUT (Li and Laskin 2006), a combination of shoulder adduction, elbow extension, fingers into a fist, and knee extension during forceful exhalation creates an image of a forward punching, e.g., during boxing.
SUMMARY AND CONCLUSION
1) We generalize our previous results to large muscle groups that synchronized breathing influences MVC production during ballistic isometric muscle contractions. 

2) The VM is not superior to synchronized breathing during ballistic MVC production. Given the negatives associated with the VM, synchronized forceful ventilation (assumed to impose minimal risks to the cardiovascular system) is a proper breathing technique for MVC production. 
3) This set of data implies that voluntary breathing imposes a global impact on the motor system by integrating individual elements into coordinated, meaningful movement, i.e., synergy.
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