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K. P. RIMMER, G. T. FORD, AND W. A. WHITELAW Department of Medicine, University of Calgary, Calgary, Rimmer, K. P., G. T. Ford, and W. A. Whitelaw. Interaction between postural and respiratory control of human intercostal muscles. J. Appl. PhysioZ. 79(5): 1556- 1561, 1995.-To study the interaction between postural and respiratory control of intercostal muscles, we used electromyography of intercostal muscles of the lateral chest wall in conscious humans. Bipolar fine-wire electrodes were placed in external and internal intercostal muscles in the midaxillary line of four subjects who sat on a bench and breathed through a pneumotachograph. They were instructed to hold their breath at end expiration, rotate their thorax to the right or left, and then hold the rotation while resuming breathing. Holding a rotation induces steady tonic activity in either internal or external intercostal muscles, depending on the direction of the rotation. The degree of rotation was varied from one run to the next, resulting in varied levels of tonic postural activity. When breathing resumes, internal intercostal muscles have their activity almost completely suppressed with each inspiration independently of whether the tonic postural tone is small or large. External intercostal muscles show inspiratory increases in activity superimposed on the postural tone, which apparently amplifies the effect of respiratory input to their motoneurons. respiratory
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MUSCLES ofthe lateralchestwall of mammals are used for respiration (3, 4, 10) but also participate in various postural and locomotor activities when they presumably work to stabilize or to move the rib cage. Contraction of these muscles and movements of the rib cage both have the capacity to change the stiffness of the rib cage and alter its mobility. Because of the multipurpose function of the muscles, postural and respiratory control of intercostal muscles might be expected to interact in ways that would permit combined activities and might adjust respiratory activity to accommodate postural changes in rib cage mechanics. Taking advantage of the observation that voluntary rotation of the rib cage induces postural tone in intercostal muscles (12), we have used this maneuver to produce varying degrees of postural tone. We report the effect of superimposed respiration on this postural activity of intercostal muscles. THE INTERCOSTAL



METHODS



Subjects were healthy volunteers aged 27-51 yr (1 woman, 3 men) with no known respiratory disease. They agreed to participate after the nature of the experiment was explained to them. Subject I was studied on more than one occasion. The protocol was approved by our institutional review committee. Bipolar fine-wire electrodes were placed in inspiratory and expiratory intercostal muscles in the midaxillary line on the left side (interspaces 5-9), with the subjects seated on a bench. The technique is described in detail in a previous pub1,556
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lication (11). Briefly, bipolar electrodes were fashioned by placing 75-pm insulated steel wires in the barrel of a 25gauge hypodermic needle. The needles were used to introduce the wires and then were withdrawn, leaving the wires in place. The location of the electrodes was determined by advancing the needles in very small steps and pausing after each one to have the subject activate various chest wall muscles by making particular movements (anterior movement of the shoulder against resistance, inspiration, expiration, and tensing the abdomen). Electromyograms (EMGs) during insertion were continuously viewed on an oscilloscope with the addition of auditory output. In interspaces 5-7, electrodes pass in order through serratus anterior and external intercostal to the internal intercostal muscles. In interspaces 8 and 9, electrodes pass through abdominal external oblique and external intercostal to the internal intercostal muscles and can eventually reach the diaphragm. Acceptable recordings gave clear single-unit recordings in maneuvers designed to activate one muscle and gave either no signal or a distant filtered low-amplitude noise in maneuvers designed’ to activate adjacent muscles. The EMG signals were filtered below 50 Hz and above 5 kHz, amplified (DISA 500 system), and integrated with a resistance-capacitance integrator with a time constant of 0.1 s. Subjects breathed through a mouthpiece attached to a pneumotachograph. The flow signal was integrated to give volume (HP 8815A integrator). Flow, volume, and integrated EMGs were recorded on a strip-chart recorder (HP 7758A). In addition, flow and the raw EMG was recorded on an FM tape (RACAL recorder) for later review. The tapes were reviewed after each experiment to verify the quality of the signals and identify electrical noise. We used the DataSponge data-acquisition program to save data from the tape (sampling 1,000 times/s) and later print selected raw and integrated EMG recordings. The subjects initially sat upright, facing forward, and were allowed to breathe quietly until a stable pattern was established. Following instructions from the experimenters, they then exhaled to residual volume to record their expiratory reserve volume (ERV), breathed quietly again for a few breaths, and stopped breathing at the end of a normal expiration [at functional residual capacity (FRC)]. They then rotated their torso either leftward or rightward and held it in the rotated position. After a few seconds, they resumed breathing while still holding the torso in a constant rotated position. The subjects had no auditory or visual feedback from the EMG signal. Periodically, while maintaining the rotated position, the subjects were again asked to stop breathing for several seconds at end expiration to confirm that the tonic level of EMG activity related to the rotation had remained constant. After a period of quiet breathing, they rotated back to the midline position and exhaled to residual volume again. Rotations to left and right were repeated several times. Attempts were made to vary the degree of rotation from one run to another. Many muscles are likely involved in causing rotations; we sought simply to achieve different levels of postural tone in the intercostal muscles by varying the degree of rotation to which respiration was added. To quantify the data, each rotation was analyzed separately. Peak inspiratory and peak expiratory integrated EMGs were measured for five or six breaths before the rota-
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FIG. 1. Behavior of left-sided intercostal muscles during rotation of thorax to left in subject 1 on day 2. Volume integrated from flow signal, integrated external intercostal EMG of 6th interspace, integrated internal intercostal EMG of 9th interspace, and raw EMG of internal intercostal muscle of 9th interspace are shown from top to bottom. After quiet breathing, subject exhales to residual volume [expiratory reserve volume (ERV) maneuver]. He then holds his breath at functional residual capacity. At arrow, he rotates his thorax to left in 3 steps. Holding this position, he resumes normal breathing. Brief breath hold is seen near end of tracing to confirm baseline tonic activity. Each time division represents 1 s. tion and for all breaths during quiet breathing while the rotated posture was maintained. The plateau value of the EMG during apnea at end expiration was also recorded. RESULTS



It was necessary to coach some of the subjects before they could produce steady tone in the intercostal muscles during rotations. They would maintain the same rotated position yet show progressive disappearance of intercostal muscle tone, as if other muscles took over the task of maintaining the position and allowed the intercostals to relax. It was possible to overcome this tendency without using feedback from the EMG recordings to the subjects by asking them to concentrate their attention on holding the lower lateral sector of the rib cage in a certain position. Typical results are shown in Figs. 1 and 2. A turn to the left is shown in Fig. 1. Initially the subject is facing forward and breathing quietly with a mean tidal volume of 710 ml. Small-amplitude phasic expiratory ac-



tivity is seen in the internal intercostal tracing. The external intercostal is silent. During an ERV maneuver, there is a large-amplitude discharge from the internal intercostal. With rotation, a smaller discharge is seen, with a stepwise increase in activity as the subject increases the degree of rotation in three steps with his breathing stopped at relaxed end-expiratory volume. When breathing resumes, mean tidal volume is 680 ml. The internal intercostal muscle discharge disappears at the beginning of each inspiration, remains zero through inspiration, and then returns to its previous plateau early in expiration. Observed on the external intercostal tracing are only some irregular signals that had characteristics of electrical noise when the tape recordings were reviewed. During a right turn, as shown in Fig. 2, the external intercostal is strongly activated as the rotation is initiated but decreases to a low-grade tonic discharge. When breathing resumes there is phasic increased activity of the external intercostal during inspiration, although no such activity was seen before the rotation
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FIG. 2. Behavior of left-sided intercostal muscles during rotation of thorax to right in subject 1 on day 1. Integrated volume, integrated internal intercostal EMG of 9th interspace, integrated external intercostal EMG of 5th interspace, and raw EMG of external intercostal in 5th interspace are shown from top to bottom. At arrow, subject turns to right and then holds position while holding his breath at functional residual capacity. Subject then resumes breathing. Each time division represents 1 s.
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FIG. 3. Peak and trough integrated EMGs of internal intercostal (IC) muscles during turns to left in 4 subjects breathing air is shown. On abscissa is value of EMG during apnea at end expiration while subject was voluntarily maintaining thorax in rotated position. On ordinate are peak and trough EMGs for breaths while subject was breathing quietly while holding same rotated position. Dashed line, identity line that indicates value of EMG expected if expiratory level during breathing with rotation was same as EMG during voluntary apnea at end expiration with rotation before natural breathing is resumed. Open symbols, trough inspiratory EMG; solid symbols, peak expiratory EMG. FRC, functional residual capacity. Bars, SD of all breaths measured during 1 rotation maneuver.
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in this subject. Phasic EMG activity of the external intercostals was seen in three subjects before the rotation; however, the magnitude of this activity was barely measurable at the gains used. This tracing illustrates some other features of the external intercostal tracings that were usually seen. The breath-to-breath variability was greater than for the internal intercostals, and there was a tendency toward a small number of units with larger voltage spikes in the composite EMG signal than was seen for the internal intercostals during turns in the opposite direction. In this particular example the phasic inspiratory increase in external intercostal activity appears to die out through the rotation. This was not a usual feature. Data for the internal intercostals for all four subjects are shown in Fig. 3, where the inspiratory and peak expiratory integrated EMG values are plotted against the integrated EMG during apnea (i.e., EMG during a breath hold at end expiration while the thorax is voluntarily maintained in a rotated position). Peak EMG on expiration is nearly equivalent to baseline EMG (during voluntary apnea) while the rotation is maintained. In inspiration, the EMG of the internal intercostal was zero for subjects 1 and 2 and nearly zero for subjects 3 and 4, independent of the original baseline apnea tone. External intercostal muscle data are shown in Fig. 4 in the same format as that used in Fig. 3. For the three subjects with reliable data, expiratory EMG was the same as in the voluntary apnea just after the rotation had been initiated. Peak inspiratory EMG was



higher than end-expiratory EMG. The difference between inspiratory and end-expiratory EMG amplitude was greater than the amplitude swings before the rotations in all the subjects. The zero point on the x-axis represents the peak inspiratory EMG before the rotation, which was zero or very nearly so. In subject 1 amplitude on day 2 and in subject 2, this inspiratory appeared to increase progressively with the level of baseline activity. The increased magnitude of phasic inspiratory activity seen during maintenance of rotation cannot be accounted for by changes in tidal volume before and during rotation because tidal volume was not systematically different before rotation and while rotation was maintained. An increase in FRC also cannot explain the phasic inspiratory external intercostal activity with rotation because ERV measured before and after the rotation for all turns with stable volume recordings either remained unchanged (subjects 1 and 3) or decreased (subject 2; P < 0,05 by sign test). Poor quality volume tracings in subject 4 precluded analysis of ERV changes. Subject 2 demonstrated a peculiar pattern of EMG activity in the internal intercostal muscles on turns to the left (Fig. 5). During two separate rotations this subject had an end-expiratory pause during breathing. The amplitude of the integrated EMG was not significantly different during these end-expiratory pauses from the EMG during apnea at the prerotation endexpiratory volume. Preceding this end-expiratory pause, a burst of EMG beginning early in expiration is seen. This burst of EMG is related to the peak expira-
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FIG. 4. Peak and trough average EMG of external intercostal muscles during turns to right by 3 subjects breathing air. Same format as Fig. 3. Zero point on x-axis represents prerotation peak inspiratory EMG activity.
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tory flow, which is higher than expected for natural quiet .breathing. This burst of EMG activity is of variable amplitude or may be completely absent when one breath is compared with another while rotated. Also noted is a small decrease in end-expiratory volume seen with rotation after breathing resumed. This was noted on inspection of the volume tracing (Fig. 5) and was reflected in the ERVs before and after the rotation. The mean ERV before the rotation was 2.45 t 0.09 liters, and after the rotation it was 2.14 t 0.25 liters. DISCUSSION



These experiments confirm previous observations that tonic discharge in internal and external intercostal muscles can be induced by rotating the thorax (12). They also show that there is modulation of the tonic discharge when respiration is superimposed on the postural maneuver. In particular, internal intercostal muscles, once



Volume



activated by rotation, are strongly inhibited during inspiration so that even rather large amplitude discharges induced by strong rotational movements disappear completely in inspiration. External intercostals show phasic inspiratory activity while rotated that was absent or markedly less before the rotation. Before discussion of these results in terms of interaction between voluntary postural and involuntary respiratory control systems, it is necessary to consider whether the respiratory movements in this contrived experiment could not also have been voluntary. This possibility cannot be excluded with certainty. This concern arises particularly in subject 2, who demonstrated early expiratory bursts of EMG in the internal intercostal muscle associated with increased expiratory flow in some breaths while rotated. The reason for these bursts is not clear, but they suggest the subject made a brief active effort in early expiration. However, despite this, subject 2 clearly demonstrates the same features of inFIG. 5. Tracing from subject 2 during rotation to left. Simultaneous flow, volume, and integrated internal intercostal EMG are shown from top to bottom. Initial part of trace shows breath hold followed by turn (arrow). Baseline apnea is seen before resumption of breathing. With initial breath, volume tracing shows baseline change indicating reduction in end-expiratory volume. End-expiratory pause is seen with most breaths with plateau of EMG that is not different from voluntary breath hold before breathing is resumed after rotation. Burst of EMG in expiration occurs that is greater than EMG during voluntary apnea. Asterisk, voluntary breath hold while rotated. Each time division represents 1 s.



1560



POSTURE



AND



RESPIRATION



IN HUMAN



ternal intercostal inhibition with inspiration on left turns and external intercostal phasic inspiratory activity during right turns. The relative consistency of these data in each subject, the fact that tidal volume was not systematically altered by rotational movements, and the consistency of results across subjects offer some reassurance that we can make the observations with confidence. Neural mechanisms that could underlie the observations of this study are complex and incompletely understood. It is well demonstrated that even during quiet breathing the intercostal motoneurons of anesthetized or decerebrate cats are supplied with a slowly oscillating influence [the central respiratory drive potential (CRDP)] that causes them to be hyperpolarized through the phase of respiration when they would be turned off and then less polarized during the phase when they would be turned on (9). One could assume that expiratory (internal) intercostal motoneurons receive such an oscillating drive at all times, even when they are inactive, but because the potential does not come to threshold at any point in the respiratory cycle, this oscillating drive is not appreciated. When tonic postural influence is added, these neurons would be above threshold in expiration but below threshold in inspiration. Thus one could view our observations during left turns in the internal intercostals as demonstrating the sum of the normal CRDPs of quiet breathing and constant voluntary postural tone induced by a rotation. Similarly, during right turns, the external intercostal activity could also be viewed as the sum of these two factors, thus raising them above the threshold allowing respiratory variations to be seen. Additional complexity can be added to this simple model by considering possible afferent input from tendon organs and muscle spindles of the lateral chest wall. In the rotated thorax, the discharging muscles are shortened under tension generated by themselves, whereas their antagonist intercostals are lengthened under passive tension. The baseline discharges and the operating characteristics of both tendon organs and muscle spindles in these two sets of muscles will be altered by the rotation, and this could alter the transformation of descending respiratory drive to respiratory motoneuron activity. Active contraction strongly excites tendon organs, with passive tension on the tendon being a much weaker stimulus (8). Tendon organ discharge inhibits the muscle to which the tendon organ is attached and possibly excites antagonistic muscles (6). In our experiment, during a turn to the left, internal intercostal muscles shorten actively while the antagonist intercostal muscles are passively stretched. Tendon organ discharge would tend to inhibit the internal intercostal. Such inhibition could add to the hyperpolarized CRDP in inspiration, strengthen its effect, and thus contribute to the strong inspiratory inhibition seen in these patients. However, a simple tendon organ effect cannot really explain the findings of the external intercostals. The external intercostal, which was silent through the respiratory cycle during left turns, is presumably inhibited by the postural tone of a rotation and gives no
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indication about possible excitation that could arise from tendon organ discharge in the internal intercostal. In turns to the right, tendon organs in the external intercostals would be excited and would tend to inhibit the external intercostal, which was not observed. In fact, quite the opposite was seen, with possible amplification of phasic respiratory activity with rotation. If one considers muscle spindles and their afferent input, possible mechanisms for the observations of the external intercostals can be hypothesized. The intercostals of the lateral chest wall are richly supplied with muscle spindles that are considered to contribute to the discharge of the intercostal motoneurons during respiration (2, 5, 8). If postural activity modifies the set or gain of the y-loop, it could alter the amplitude of respiratory swings in the intercostal EMG. That is, if postural tone increases, the gain in the y-loop could increase and account for the increased amplitude of EMG swings seen in the external intercostal muscles with turns to the right. Evidence that such a change in gain of the loop is possible in human intercostal muscles comes from studies of interaction of short-latency reflexes from loading superimposed on tone induced by singing (7). Other evidence to support this hypothesis comes from study of reflexes in peripheral muscles. When the baseline tone is increased in human arm muscles, an increase in the gain of the y-loop has been observed (1). An increase in baseline tone occurs during rotation to the right, and an increase in the gain of the y-loop would certainly therefore explain the increased external EMG swings noted. Having said this, we could invoke numerous other spinal and supraspinal mechanisms to explain our observations. It is clear that there is modulation of the background postural tone by breathing. Although we can speculate on the mechanism and purpose of this interaction, it is very clear that it is complex and that our understanding is incomplete. We speculate that this modulation is necessary either for maintenance of normal tidal volume during a sustained rotation or to maintain posture in the face of respiratory motion. Figure 2 suggests that it may not be necessary for maintenance of tidal volume, because the phasic inspiratory activity appears to lessen late in the sustained rotation, yet tidal volume does not change. One must also consider that interaction may be necessary to maintain a fixed posture during breathing. Alternating inhibition and excitation of muscles on opposite sides of the chest wall may allow the trunk to remain in a fixed rotated posture. Left internal and right external intercostals are synergists for rotation of the chest and antagonists for respiration. They maintain a constant torque on the chest wall during respiration if the decrease in torque exerted by one set of intercostals is reciprocated by an increase in torque by the other. Most likely, a combination of compensation for changes in chest wall mechanics and maintenance of posture is operative. The authors acknowledge the important contributions of Hong Sun and Dr. Bao Yuan Chen for technical assistance and Denise Anderson and Deborah Gehlen for their help in preparing the manuscript. They give special thanks to the subjects who made this study possible.



POSTURE



AND



RESPIRATION



IN HUMAN



This work was supported by the Medical Research Council of Canada. Address for reprint requests: K. P. Rimmer, Dept. of Respiratory Medicine, 841 Centre Ave. East, Calgary, Alberta T2E OAl, Canada. Received



25 October



1994; accepted in final form 21 June



1995.



REFERENCES 1. Bedingham, W., and W. G. Tatton. Dependence of EMG responses evoked by imposed wrist displacements on preexisting activity in the stretched muscles. Can. J. NeuroZ. Sci. 11: 272280, 1984. 2. Critchlow, V., and C. von Euler. Intercostal muscle spindle activity and its y motor control. J. Physiol. Lond. 168: 820-847, 1963. 3. De Troyer, A., and V. Ninane. Respiratory function of intercostal muscles in supine dogs: an electromyographic study. J. Appl. Physiol. 60: 1692 - 1699, 1986. 4. Duron, B., and D. Marlot. Intercostal and diaphragmatic electrical activity during wakefulness and sleep in normal unrestrained adult cats. Sleep 3: 269-280, 1980.



INTERCOSTAL



MUSCLES



1561



5. Eklund, G., C. von Euler, and S. Rutkowski. Spontaneous and reflex activity of intercostal gamma motoneurons. J. Physiol. Lond. 171: 139-163, 1964. 6. Jami, L. Golgi tendon organ in mammalian skeletal muscle: functional properties and central actions. Physiol. Rev. 72: 623666, 1992. 7. Newsom Davis, J., and T. A. Sears. The proprioceptive reflex control of the intercostal muscles during their voluntary activation. J. Physiol. Lond. 209: 711-738, 1970. 8. Sears, T. A. Efferent discharges in alpha and fusimotor fibres of intercostal nerves of the cat. J. PhysioZ. Lond. 174: 295-315, 1964. 9. Sears, T. A. The slow potentials of thoracic respiratory motoneurons and their relation to breathing. J. PhysioZ. Lond. 175: 404424, 1964. 10. Taylor, A. The contribution of the intercostal muscles to the effort of respiration in man. J. Physiol. Lond. 151: 390-402, 1960. 11. Whitelaw, W. A., and T. Feroah. Patterns of intercostal muscle activity in humans. J. AppZ. PhysioZ. 67: 2087-2094, 1989. 12. Whitelaw, W. A., G. T. Ford, K. P. Rimmer, and A. De Troyer. Intercostal muscles are used during rotation of the thorax in humans. J. AppZ. Physiol. 72: 1940-1944, 1992.



























des documents recommandant







[image: alt]





Human respiratory muscle actions and control during exercise 

lung volume increased with percentage of WË™ max as a result of an increase in Vrc,p ... shown that the chest wall moves with more than two degrees of .... intercepts of the RCp relaxation line are given in Table. 1. ..... On the basis of the above .










 


[image: alt]





Dynamics of Human Postural Transitions - CiteSeerX 

Experiment 1: Postural Transitions. Method. Participants. Eleven undergraduate students from the University of the Mediterranean. (5 male and 6 female; age.










 


[image: alt]





Dynamics of Human Postural Transitions - CiteSeerX 

at the 10th International Conference on Perception and Action, Edinburgh, ..... target and oscillations of the head in the AP direction, Ï†t-h; (c) the peak-to-peak amplitude of ...... Nashner, L. M., Shupert, C. L., Horak, F. B., & Black, F. O. (198










 


[image: alt]





Postural control at the human wrist - Wiley Online Library 

Jan 10, 2008 - In our movements and posture, we always act against a physical load. A key property of any load is its elastic stiffness (K), which describes how ...










 


[image: alt]





The visual control of stability in children and adults: postural 

Sep 14, 2004 - The postural control system receives information about the body and its environment from ..... postural and motor development in children. We hypoth- ... sagittal plane to allow the adjustment of the electric output signal according to










 


[image: alt]





Interaction between urban planning and education, concerning 

Jun 21, 2009 - and social systems together into a single conceptual structureâ€� .... quality, clear organizational structure, and continued financial stability.










 


[image: alt]





Interaction between drying, shrinkage, creep and cracking 

Interaction between drying, shrinkage, creep and cracking .... Chern [1], in order to take into account the interaction ..... pi(Ë†Ïƒ) = s0 + (1 âˆ’ s0)(ã€ˆË†ËœÏƒiã€‰+/|Ë†ËœÏƒi |). (17).










 


[image: alt]





Jolicoeur (1987) Additivity and interaction between 

shape matching, and (b) bias mechanisms can play an important role in .... There was a total of 160 trials for each subject, 80 same and 80 differ- end, divided ...










 


[image: alt]





Coordination between posture and movement: interaction ... - Research 

Abstract We examined the interaction between the control of posture and an aiming movement. Balance control was varied by having subjects aim at a target.










 


[image: alt]





Investigation of the interaction between ... - Laurent Pizzagalli 

questions, by computing the interaction between H or H2, and a screw dislocation in silicon. ... a periodic boundary condition is applied for modelling an infinite straight ... dislocation line) of the system used in the calculations. The screw.










 


[image: alt]





Geometrical aspects of the interaction between expanding clouds and 

Aug 18, 2015 - out by a process of attraction and alignement of the complex poles that define the solution. .... Close to the final slowing down of the ascending column, ...... This work is partially supported by the Contract PN 09 39 01 01.










 


[image: alt]





Geometrical aspects of the interaction between expanding clouds and 

Aug 18, 2015 - see the rising column as a stream of gas with specific properties penetrating a volume of stationary .... diffusion sustained by random eddy exchanges introduces .... which corresponds to constant velocity of the incoming air, the sour










 


[image: alt]





Human-Machine interaction as a model of 

In section 4, the implementation on a real robot is given. Then ... (communication and learning) which provides two roles: the role of imitator and the role of model. .... a simple homeostatic architecture as a bootstrap for interaction and imitation










 


[image: alt]





Human-Computer Interaction Interaction Homme-Machine .fr 

Interaction engineering. â€¢ Design ..... Menus. â€¢ Pointers. â€¢ Benefits. â€“ Soft learning curve. â€“ Standard environments ... Menu, window icon, keyboard shortcuts.










 


[image: alt]





Mimicry and expressiveness of an ECA in human-agent interaction 

fluent in English. The sample .... ies, the user is led to believe that they are communicating with a fully .... Answers to the survey were more accurate in re- sponse to ..... (PDF 28 kb) ... of Business, Charles Darwin University, Darwin, Australia










 


[image: alt]





Mimicry and expressiveness of an ECA in human-agent interaction 

when people perceive themselves as similar to another person they will like .... spoken phrase to the agent in a language-learning, specif- ically error detection ...










 


[image: alt]





Gibson (1952) The relation between visual and postural 

the directions of up-down and right-left was secondary. This conclusion was based on observations which contra- dicted those of Wertheimer and indi- cated that ...










 


[image: alt]





Influence of Experience on Postural Control: Effect of Expertise in 

Sep 8, 2008 - these affordances, and the same environment can have dif- ..... normalized (initial values were plotted to 0). 180. 5. Time (s). 30. COP (mm). 160.










 


[image: alt]





Human-computer interaction Chapter 3 

Premises => Algorithms => Conclusions. â€“ Example : ... The conclusion always derives from the premises by logical operations but this does not ... Another application are the Â« expert systems Â» : in order to choose the ... Research state : inform










 


[image: alt]





Towards Accessible Human-Computer Interaction 

Mar 13, 1997 - Considerable literature already exists that discusses how people ..... they finished with the fifth item, there were only two cadets left; by the sixth, all but one had been eliminated. ... This scenario is of course an oversimplificat










 


[image: alt]





Chronology of postural and focal component of 

study on one case. 2. Methods ... deltoids (PD), pectoralis major (PM), long head of biceps brachialis (BB), long ... (CP before 50ms) and compensatory (CP after.










 


[image: alt]





Human automatic postural responses: responses to ... - Research 

1988). Does the organization of postural responses follow the same rules in ..... amplitude. 1.0. 190 m. E. 160 o ~ g m 130 a. 100. 70. A. 220. 190. E. 160 o ~.










 


[image: alt]





Cardiac and respiratory effects of continuous 

HÃ´pitaux de Paris. Address requests ... [email protected]. Copyright ...... Au cows des 6 premiers mois, 2652 tpisodes ont Bti inclus. L'analyse.










 


[image: alt]





On the Dynamical Nature of Human Postural Transitions Olivier 

the antero-posterior (AP) direction with a peak-to-peak amplitude of Ä± cm. Participants were ... Oullier & al. (1999). 3 step lasted for 10 oscillation cycles, leading to a total of 12 minutes per condition. ... Nashner, L. M., & McCollum, G. (1985)










 














×
Report Interaction between postural and respiratory control of human





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



