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Abstract. [Purpose] Maximum voluntary isometric contraction can increase the reliability of electromyography
data by controlling respiration; however, many studies that use normalization of electromyography data fail to ac-
count for this. This study aims to check changes in maximum voluntary isometric contraction based on changes
in posture and respiration conditions. [Subjects and Methods] Twenty-two healthy volunteers were included in this
study. Using 22 healthy subjects, MVIC of the biceps brachii muscle was measured in three respiration conditions:
(1) Maximum voluntary isometric contraction during inspiration after maximal expiration, (2) Maximum voluntary
isometric contraction during expiration after maximal inspiration and (3) Maximum voluntary isometric contrac-
tion during the Valsalva maneuver. The subjects were in tested in standing and supine postures under all three
respiration conditions. [Results] A significant difference was observed in the standing and supine postures based on
the respiration condition. A significant difference was observed in the maximum voluntary isometric contraction
during inspiration after maximal expiration and maximum voluntary isometric contraction during the Valsalva
maneuver conditions when the subjects were in the supine posture. [Conclusion] It is necessary to apply the same
respiration condition and the same posture to each subject when measuring Maximum voluntary isometric contrac-
tion for the normalization of electromyography data.

Key words: Biceps brachii, Maximum voluntary isometric contraction, Respiration

(This article was submitted Apr. 14, 2016, and was accepted Jul. 19, 2016)

INTRODUCTION

Maximum voluntary isometric contraction (MVIC) is a very important method with high reliability that is used to measure
and evaluate muscle strength!). Moreover, MVIC can be substituted for the normalization of electromyography (EMG) data,
which is used to measure muscle conditions in many studies. As such, MVIC has become a very important standard in patient
evaluation and studies involving muscle activity.

Although MVIC is the standard method used to evaluate muscle activation, it is measured in diverse ways due to intrinsic
and extrinsic factors?. Previous studies have reported that maximal isometric contraction differs according to the condition
of the neighboring joint?), the time of day the measurement is obtained®, the location of the joint®), and the contraction of
the synergic muscles®. One study has reported muscle activity variability due to psychological impact, such as the subject’s
motivation®). Moreover, athletes often use MVIC during training to strengthen their muscles in order to achieve better perfor-
mance and to assist in recovery from injury’- ®).
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Table 1. Biceps muscle MVIC according to ventilation condition on stand and supine position

MVIC, MVIC, MVICy
Stand posture* 456.4 + 185.2 599.6 + 259.9 4233 +198.0
Supine posture* 422.0 + 186.5 679.9 + 259,81 502.7 +269.7

Unit: pV, p<0.05, Mean + SD.

fSignificant difference between expiration and inspiration.

MVIC;: MVIC during inspiration after maximal expiration; MVICy: MVIC during expiration after
maximal inspiration; MVICy: MVIC during Valsalva maneuver

Respiration is an important activity that increases the efficiency of resistance exercise and generates changes in muscles.
Stabilizing the body trunk muscle by controlling the respiration condition (e.g., inspiration, expiration, or the Valsalva ma-
neuver) can enhance the activity of limb muscles”). In particular, the Valsalva maneuver induces significant contraction
power in the limb muscles when the spinal column is stabilized due to elevated intra-abdominal pressure'”. However, the
Valsalva maneuver elevates blood pressure and increases the load on the heart. Hence, it is difficult to use in subjects with
cardiovascular system disease!'). Moreover, an accurate method and mechanism is yet to be clarified, and the specific impact
on the limbs is still unclear'? 3. Moreover, according to a recent study, higher MVIC activity was observed during expiration
instead of during application of the Valsalva maneuver® '9. As such, studies examining MVIC based on the type of respira-
tion condition are continuously being conducted, and more research is needed.

Muscle activation of the lower limb muscles differs with the size of the base of support (BOS) and the height of the center
of gravity (COG)'. That is, posture is closely related to the movement of muscles as humans cannot escape the force of
gravity. However, studies examining MVIC have mainly focused on joint location and muscle length; very few studies have
investigated the activation of the biceps brachii muscle on the change of posture.

Hence, three respiration conditions—inspiration, expiration, and the Valsalva maneuver—were applied in this present
study to examine the MVIC of the biceps brachii muscle based on respiration condition and posture. Each respiration condi-
tion was tested with the subjects in standing posture and supine posture. By investigating the MVIC of the biceps brachii
muscle based on the respiration condition and posture, this paper attempts to provide a more reliable standard posture and
respiration method when measuring MVIC for the normalization of EMG data.

SUBJECTS AND METHODS

Twenty-two healthy volunteers (13 males, 9 females; age, 25.6 + 2.4 years; age range 2229 years; weight, 63.5+ 10.48 kg;
weight range, 47-88 kg; height, 169.8 + 8.9 cm; height range, 158—187 cm) took part in the experiments. All of the subjects
gave their written informed consent and the study was approved by our institutional review board.

Muscle activation was measured in standing posture and supine posture: shoulder flexion 0°, elbow flexion 90°. The sub-
jects performed the following three respiration conditions: (1) MVIC during inspiration after maximal expiration (MVIC)),
(2) MVIC during expiration after maximal inspiration (MVICg), and (3) MVIC during Valsalva maneuver (MVICy,). Each
respiration condition was applied randomly to each subject. To ensure the objectivity of the data, the measurements were
taken three times under each condition, and the average values were used in the statistical analysis. Each MVIC was held for
five seconds. The muscle activation data for the middle three seconds, excluding the first second and the last second, were
recorded and averaged for the analysis. To prevent fatigue, the participants took a three-minute break after each five-second
MVIC interval.

Surface EMG (MyoSystem TM DTS, Noraxon Inc., USA) was used, and a surface electrode IWC-DTS and 9113A-DTS,
Noraxon Inc., USA), consisting of three electrodes (Positive-Ground-Negative), was used to measure the activation of the
biceps brachii muscle on the dominant side. The surface electrode was attached relative to the Surface Electromyography
for the Non-Invasive Assessment of Muscles (SENIAM). The frequency of the EMG signal was set to 20-500 Hz and the
sampling frequency was 1,024 Hz. Depilation was performed using a razor on the attaching sites; the horny substance was
removed with sandpaper. To gather accurate EMG data, the electrodes were attached after the sites were cleaned with an
alcohol swab.

The measured data was analyzed using paired sample t-test and Statistical Package for the Social Sciences (SPSS) (version
12.0) for Windows in order to compare the muscle activations at the two different postures. Repeated-measures one-way
analysis of variance (ANOVA) with factor tasks was used to compare the muscle contractions during the three different types
of respiration conditions: MVIC;, MVICg, and MVICy. When necessary, the post-hoc Sheffe’s test was used to analyze the
significant differences among the various types of respiration conditions. The level of significance was set at p<0.05.

RESULTS

Table 1 shows the MVIC results for each respiration condition based on the standing and supine postures. Significant
differences in the relative MVIC for the biceps brachii muscle were observed for the three respiration conditions in the stand-
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Table 2. Biceps muscle MVIC according to each posture on three ventila-
tion condition

Stand posture Supine posture
MVIC, 456.4 +185.2 422.0 + 186.5
MVICg* 599.6 +259.9 679.9 +259.8
MVIC* 423.3 +198.0 502.7 £269.7

Unit: uV, p<0.05, Mean + SD

ing posture (p<0.05) (Table 1). The post-hoc test found statistically significant differences between MVICy; and MVIC; for
the standing posture. Significant differences in the relative MVIC for the biceps brachii muscle were observed for the three
respiration conditions for the supine posture (p<0.05) (Table 1). The post-hoc test found statistically significant differences
between MVIC and MVIC; for the supine posture.

Table 2 shows the MVIC results for each posture based on the three respiration conditions. Significant differences in
MVICg, and MVICy, were observed between the standing posture and the supine posture (p<0.05) (Table 2).

DISCUSSION

This study measured the MVIC of the biceps brachii muscle under three respiration conditions, MVIC;, MVICg, and
MVICy, and two posture conditions, standing and supine postures, in order to examine the impact of respiration condition and
posture on the MVIC of the upper limb muscles. The study results indicated strong muscle activity for MVICy, in comparison
to the other respiration conditions. This result can be attributed to the fact that the movement direction of body trunk acted
as a substitution for an action against a specific resistance, since the movement direction of the body trunk during inspiration
is the same as the contraction direction of the biceps brachii muscle. That is, the resistance that can induce MVIC caused
compensation due to the power of trunk extension and rib elevation that is identical to the action direction of the biceps
brachii muscle. This phenomenon is believed to be identical in the standing posture and the supine posture.

Moreover, MVICg and MVICy, showed strong muscle activity in the supine posture. It is conjectured that the high activity
of MVIC and MVICy, in the supine posture is due to the contraction of muscle in a more stable posture than is possible in
the standing posture as expiration and the Valsalva maneuver make the rib cage move in a caudal direction. These results
are consistent with the findings in previous literature that reported the impact of posture stability on muscle activation of the
limbs!®),

These results imply that the MVIC activity of the biceps brachii muscle is significantly influenced by the respiration
condition and posture.

Hence, in the case of measuring MVIC for the normalization of EMG data, the results from previous studies, including
studies on joint location and the use of synergic muscles, as well studies on respiration performed on a daily basis, should
be equally applied first. Moreover, the change of posture should be considered in addition to the respiration condition. The
MVIC measurement should be conducted in an identical posture by controlling the location and movement of the neighbor-
ing joint and the body trunk. It is conjectured that the reliability of EMG data normalization must be increased by measuring
MVIC after equalizing these conditions.

ACKNOWLEDGEMENT

This research was supported by Kyungsung University Research Grants in 2016.

REFERENCES

1)  Visser J, Mans E, de Visser M, et al.: Comparison of maximal voluntary isometric contraction and hand-held dynamometry in measuring muscle strength of
patients with progressive lower motor neuron syndrome. Neuromuscul Disord, 2003, 13: 744-750. [Medline] [CrossRef]

2)  Dal Maso F, Marion P, Begon M: Optimal combinations of isometric normalization tests for the production of maximum voluntary activation of the shoulder
muscles. Arch Phys Med Rehabil, 2016, 97: 1542-1551. [Medline]

3) Lee SY, Hong MH, Choi SJ: Peak torque and average power at flexion/extension of the shoulder and knee when using a mouth guard in adults with mild midline
discrepancy. J Phys Ther Sci, 2014, 26: 1051-1053. [Medline] [CrossRef]

4)  Martin A, Carpentier A, Guissard N, et al.: Effect of time of day on force variation in a human muscle. Muscle Nerve, 1999, 22: 1380—1387. [Medline] [Cross-
Ref]

5)  Jaskolski A, Kisiel K, Adach Z, et al.: The influence of elbow joint angle on different phases of force development during maximal voluntary contraction. Can
J Appl Physiol, 2000, 25: 453—465. [Medline] [CrossRef]

3009


http://www.ncbi.nlm.nih.gov/pubmed/14561498?dopt=Abstract
http://dx.doi.org/10.1016/S0960-8966(03)00135-4
http://www.ncbi.nlm.nih.gov/pubmed/26801059?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/25140095?dopt=Abstract
http://dx.doi.org/10.1589/jpts.26.1051
http://www.ncbi.nlm.nih.gov/pubmed/10487904?dopt=Abstract
http://dx.doi.org/10.1002/(SICI)1097-4598(199910)22:10<1380::AID-MUS7>3.0.CO;2-U
http://dx.doi.org/10.1002/(SICI)1097-4598(199910)22:10<1380::AID-MUS7>3.0.CO;2-U
http://www.ncbi.nlm.nih.gov/pubmed/11098157?dopt=Abstract
http://dx.doi.org/10.1139/h00-030

6)

7

8)

9)

10)
11)

12)

13)

14)

15)

Ball N, Scurr J: An assessment of the reliability and standardisation of tests used to elicit reference muscular actions for electromyographical normalisation. J
Electromyogr Kinesiol, 2010, 20: 81-88. [Medline] [CrossRef]

Wang R, Hoffman JR, Tanigawa S, et al.: Isometric mid-thigh pull correlates with strength, sprint and agility performance in collegiate rugby union players.
J Strength Cond Res, 2016, 30: 3051-3056. [Medline] [CrossRef]

Umeda M, Kempka L, Weatherby A, et al.: Effects of caffeinated chewing gum on muscle pain during submaximal isometric exercise in individuals with
fibromyalgia. Physiol Behav, 2016, 157: 139-145. [Medline] [CrossRef]

Barbosa AW, Martins FL, Vitorino DF, et al.: Immediate electromyographic changes of the biceps brachii and upper rectus abdominis muscles due to the
Pilates centring technique. J Bodyw Mov Ther, 2013, 17: 385-390. [Medline] [CrossRef]

Li S, Laskin JJ: Influences of ventilation on maximal isometric force of the finger flexors. Muscle Nerve, 2006, 34: 651-655. [Medline] [CrossRef]

Hagins M, Pietrek M, Sheikhzadeh A, et al.: The effects of breath control on intra-abdominal pressure during lifting tasks. Spine, 2004, 29: 464—469. [Med-
line] [CrossRef]

Henderson LA, Macey PM, Macey KE, et al.: Brain responses associated with the Valsalva maneuver revealed by functional magnetic resonance imaging. J
Neurophysiol, 2002, 88: 3477-3486. [Medline] [CrossRef]

Pott F, Van Lieshout JJ, Ide K, et al.: Middle cerebral artery blood velocity during intense static exercise is dominated by a Valsalva maneuver. J Appl Physiol
1985,2003, 94: 1335-1344. [Medline] [CrossRef]

Aruin AS, Forrest WR, Latash ML: Anticipatory postural adjustments in conditions of postural instability. Electroencephalogr Clin Neurophysiol, 1998, 109:
350-359. [Medline] [CrossRef]

Jang HJ, Kim SY, Oh DW: Effects of augmented trunk stabilization with external compression support on shoulder and scapular muscle activity and maximum
strength during isometric shoulder abduction. J Electromyogr Kinesiol, 2015, 25: 387-391. [Medline] [CrossRef]

3010 J. Phys. Ther. Sci. Vol. 28, No. 11, 2016


http://www.ncbi.nlm.nih.gov/pubmed/19027326?dopt=Abstract
http://dx.doi.org/10.1016/j.jelekin.2008.09.004
http://www.ncbi.nlm.nih.gov/pubmed/26982977?dopt=Abstract
http://dx.doi.org/10.1519/JSC.0000000000001416
http://www.ncbi.nlm.nih.gov/pubmed/26855267?dopt=Abstract
http://dx.doi.org/10.1016/j.physbeh.2016.02.008
http://www.ncbi.nlm.nih.gov/pubmed/23768286?dopt=Abstract
http://dx.doi.org/10.1016/j.jbmt.2013.01.003
http://www.ncbi.nlm.nih.gov/pubmed/16770794?dopt=Abstract
http://dx.doi.org/10.1002/mus.20592
http://www.ncbi.nlm.nih.gov/pubmed/15094544?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15094544?dopt=Abstract
http://dx.doi.org/10.1097/01.BRS.0000092368.90019.D8
http://www.ncbi.nlm.nih.gov/pubmed/12466462?dopt=Abstract
http://dx.doi.org/10.1152/jn.00107.2002
http://www.ncbi.nlm.nih.gov/pubmed/12626468?dopt=Abstract
http://dx.doi.org/10.1152/japplphysiol.00457.2002
http://www.ncbi.nlm.nih.gov/pubmed/9751298?dopt=Abstract
http://dx.doi.org/10.1016/S0924-980X(98)00029-0
http://www.ncbi.nlm.nih.gov/pubmed/25586003?dopt=Abstract
http://dx.doi.org/10.1016/j.jelekin.2014.12.005

