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a b s t r a c t This study evaluated the effectiveness of resistance training to preserve submaximal plantar ﬂexor (PF) torque steadiness following 60 days of bed rest (BR). Twenty-two healthy male subjects underwent either BR only (CTR, n = 8), or BR plus resistance training (RT, n = 14). The magnitude of torque ﬂuctuations during steady submaximal isometric PF contractions (20%, 40%, 60% and 80% of maximum) were assessed before and after BR. Across contraction intensities, torque ﬂuctuations (coefﬁcient of variation, CV) increased more (P < 0.05) after BR for CTR (from 0.31 ± 0.10 to 0.92 ± 0.63; P < 0.001), than for RT (from 0.30 ± 0.09 to 0.54 ± 0.27; P < 0.01). A shift in the spectral content of torque ﬂuctuations towards increased rhythmic activity between 6.5 and 20 Hz was observed in CTR only (P < 0.05). H-reﬂex amplitude (Hmax/Mmax ratio) declined across groups from 0.57 ± 0.18 before BR to 0.44 ± 0.14 following BR (P < 0.01) without correlation to CV. The present study showed that increased torque ﬂuctuation after BR resulted from enhanced physiological tremor. Resistance training prevented the spectral shift in isometric PF torque ﬂuctuation and offset 50% of the decline in performance associated with long-term BR. Ó 2010 Published by Elsevier Ltd.



1. Introduction Physical inactivity is known to induce considerable atrophy and hence muscle weakness of the postural muscles (Belavy´ et al., 2009; Berg et al., 2007). However, researchers have also argued that physical inactivity additionally induces neural alterations that hinder a maximal drive to long-term inactive muscles (Alkner and Tesch, 2004; Schulze et al., 2002; Yoshitake et al., 2007). Muscle function following inactivity may as well be impaired as a result of changes in intrinsic muscle contractile properties (Berg and Tesch, 1996; Duchateau and Hainaut, 1990). Collectively, these changes may also contribute to the diminished submaximal torque steadiness following BR, immobilization and unilateral lower limb suspension (Clark et al., 2007; Lundbye-Jensen and Nielsen, 2008a; Shinohara et al., 2003; Yoshitake et al., 2007). Of particular interest is the observation that muscles that are usually continuously active ⇑ Corresponding author at: Institute of Aerospace Medicine, Division of Space Medicine, German Space Center, Linder Hoehe 1 D-51147 Cologne, Germany. Tel.: +49 2203 601 3062; fax: +49 2203 611 59. E-mail address: [email protected] (E.R. Mulder). 1050-6411/$ - see front matter Ó 2010 Published by Elsevier Ltd. doi:10.1016/j.jelekin.2010.10.009



switch to a more bursting activation pattern following chronic disuse (Alaimo et al., 1984; Belavy´ et al., 2007; Kozlovskaya and Kirenskaya, 2004; Riley et al., 1990; Semmler et al., 2000), which shares its characteristics with enhanced physiological tremor (Deuschl et al., 2001). Since the Hoffmann (H)-reﬂex amplitude generally increases with inactivity (Clark et al., 2007; Duchateau, 1995; Lambertz et al., 2003; Lundbye-Jensen and Nielsen, 2008a; Seynnes et al., 2010) and positive feedback of the stretch reﬂex pathway is believed to lead to the grouping of EMG discharges (Young and Hagbarth, 1980), it is tempting to speculate that the increased torque ﬂuctuation following physical inactivity may result from tremulous alpha motoneuron activity caused by alterations within the spinal reﬂex circuitry. High-load resistance training offers promise of an attractive countermeasure during space ﬂight, as it effectively preserves muscle size and maximal voluntary torque capacity during BR (Akima et al., 2001). Resistance training has also been shown to be effective in reducing ﬂuctuations in submaximal torque output in aged adults (Hortobagyi et al., 2001), patients with essential tremor (Bilodeau et al., 2000), and subjects undergoing BR (Shinohara et al., 2003). The present study tried to extend these ﬁndings by
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focusing on the potential role of the H-reﬂex in increasing plantar ﬂexor submaximal torque ﬂuctuation after BR and the efﬁcacy of resistance exercise as a countermeasure. We hypothesized that BR alone would decrease plantar ﬂexor torque steadiness as a result of increased EMG bursting activity caused by tremulous alpha motoneuron activity due to an increase in H-reﬂex size. Resistance training would counteract these effects, thereby conserving plantar ﬂexor torque steadiness. 2. Methods 2.1. Bed rest protocol and subjects The BR protocol, subjects and exercise protocol is described in detail elsewhere (Belavy´ et al., 2010; Mulder et al., 2009). In short, 22 medically and psychologically healthy males (aged between 21 and 45) completed the study, which was approved by the ethical committee of the Charité Universitätsmedizin Berlin. All subjects gave their informed written consent prior to participation in the study. Subjects were randomly assigned to either a resistance exercise group (n = 7), a resistance exercise plus whole body vibration group (n = 7) or to an inactive control group (CTR, n = 8) 2 days before the start of 60 days of head down tilt BR (Belavy´ et al., in press; Mulder et al., 2009). 2.2. Exercise countermeasure Details regarding the training protocol have been published elsewhere (Belavy´ et al., 2010; Mulder et al., 2009). In brief, resistance training was performed three days a week during BR. The total duration of actual loading was 5–6 min per exercise session, with the entire training protocol requiring approximately 23 min per session including rest periods and changes in position for each exercise. The following exercises were sequentially performed in HDT on the Galileo Space exercise device (Novotec Medical GmbH, Pforzheim, Germany) after a brief warm-up using bilateral squat exercises at low-loads:  Bilateral squats: 75–80% of pre bed-rest maximum voluntary contraction; target between 8 and 12 repetitions; 1 set. Load was progressed by 5% if the subject could perform more than ten repetitions in two adjoining training sessions; in the vibration-group: vibration frequency 24 Hz, amplitude 3.5–4 mm, peak acceleration 8.7g, where g = 9.81 ms 2.  Single leg heel raises: 1.3 times body-weight; with a movement frequency of 0.4–0.7 Hz; the exercise was performed until exhaustion with the load set such that exhaustion was achieved between 30 and 50 s; 1 set for each left and right leg. If the subject was able to perform the exercise for more than 50 s then the load was increased by 5%. In the vibration-group: vibration frequency 26 Hz, amplitude 3.5–4 mm, peak acceleration 10.2g.  Double leg heel raises: 1.8 times body-weight; with a movement frequency of 0.4–0.7 Hz; the exercise was performed until exhaustion with the load set such that exhaustion was achieved between 30 and 50 s; 1 set. If the subject was able to perform the exercise for more than 55 s then the load was increased by 5%. In the vibration-group: vibration frequency 26 Hz, amplitude 3.5–4 mm, peak acceleration 10.2g.  Back extensions: performing static hip and lumbar spine extension against gravity with ankle dorsiﬂexion at 1.5 times bodyweight applied at the shoulders; performed as a static/isometric exercise for 60 s; 1 set. This exercise was not progressed. In the vibration-group: vibration frequency 16 Hz, amplitude 3.5– 4 mm, acceleration 3.9g.
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Note that the acceleration parameters stated refer to the acceleration of the platform itself, effective accelerations on the subject are much lower. The maximum resulting ground reaction forces transmitted to the feet of the subjects result in effective acceleration at the feet in the order of 0.7g (unpublished observations). Based upon the data published previously (Shinohara et al., 2003), the addition of vibration to resistance exercise would need to produce approximately 68% of the effect of training on preventing increases in torque ﬂuctuations to be detectable given seven subjects in each group, an estimated between group standard deviation of 42%, an alpha level of 0.05 and a power of 0.8. Because there was an insufﬁcient number of subjects in the present study to detect a meaningful effect of vibration on torque ﬂuctuations, data from the two countermeasure groups were pooled (RT group). 2.3. Measurements of maximal isometric strength and submaximal torque steadiness Before and after BR, isometric plantar and dorsiﬂexion torque was measured (D-2553, Lorenz Messtechnik, Haarlem, The Netherlands) with the subjects seated upright in the dynamometer. Knee, hip and ankle angles were set at 90°. After a warm-up, consisting of 10 contractions against 75 Nm, the maximal voluntary contraction (MVC) was assessed, as previously described (Mulder et al., 2009). Subjects then performed four 15-s submaximal isometric plantar ﬂexions at 20%, 40%, 60% and 80% of the current plantar ﬂexor MVC torque. The order of the trials was randomized and display gain and sensitivity were adjusted for each trial to keep the target torque at the center of the screen with 20% deviation of the target torque visible on the monitor. 2.4. Electromyography Bipolar surface electromyography (EMG) was recorded at 2000 Hz using a 24-channel EMG system (Porti, Twente Medical Systems International BV, Enschede, the Netherlands). The pregelled, self adhesive, Ag/AgCL electrodes (AMBU N-OOS, Ballerup, Denmark) were positioned over the soleus, the gastrocnemii and tibialis anterior according to the recommendations for surface EMG (Hermens et al., 1999). The ground electrode was placed at the right tibia. The inter electrode distance was 20 mm. 2.5. Hofmann reﬂex The spinal Hoffmann reﬂex (H-reﬂex) was assessed in the resting soleus muscle before and on day 56 of BR (i.e. 4 days before reambulation). The subjects lay face-down in the 6° HDT position, while the distal part of the shin was supported by a 204 mm positioning roll. We carefully assured that the position of the knee and ankle joints (respectively 150° and 100°), as well as the position of the EMG recording electrodes over the soleus (Hermens et al., 1999) did not differ between testing days. The maximal H-reﬂex (Hmax) and the maximal compound motor response (Mmax) were assessed by using 500 ls current pulses applied percutaneously to the tibial nerve in the popliteal fossa. A monopolar cathode electrode with a large diameter (bulge with a diameter of 3.0 cm) was used to decrease discomfort during electrical stimulation (Verhoeven and van Dijk, 2006). The cathode was connected to a constant-current, square wave stimulator (Digitimer Model DS7; Digitimer Ltd., Hertfordshire, England). The selfadhesive anode electrode (50  50 mm, Schwa-medico, Nieuw Leusden, The Netherlands) was ﬁxed over the patella. Stimulation intensity increased stepwise until the H-reﬂex had disappeared and Mmax was reached. Typically 25–45 stimuli were given per session. Four-second rest periods were incorporated between
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successive stimuli to assure that the excited motoneurons were fully recovered (Sabbahi and Sedgwick, 1987). We ascertained that the amplitude of the M-wave at Hmax was constant between experiments, as previously described (Aagaard et al., 2002). The H-reﬂex latency time was obtained as the time between stimulus artifact and the dominant peak of the H-reﬂex, averaged over eight successive stimuli around Hmax. H-reﬂexes could not be reliably obtained in two subjects; these data were therefore discarded. 2.6. Data analysis All data were analyzed ofﬂine using customized scripts in MATLAB (Mathworks 2007a, Natick, MA, USA). Torque signals were low-pass ﬁltered using a 4th order Butterworth ﬁlter (cut-off frequency 30 Hz). The mean torque and its SD and coefﬁcient of variation (CV = SD/mean  100%) were calculated using a running window of 2 s to select the ‘‘least ﬂuctuating’’ behavior of the neuromotor system at its present state. Data from these epochs were also analyzed in the frequency domain. The power spectrum was thereby divided into two frequency bins of 0.5–6 and 6.5–20 Hz. The latter bin covered the entire range of narrow band rhythmic oscillations in the present study (7–12 Hz). We did not further subdivide the 6.5–20 Hz frequency range (Semmler et al., 2007), because frequencies exceeding 12 Hz contained insigniﬁcant power levels. The power within each frequency bin was expressed relative to the total power between 0.5 and 20 Hz. The raw EMG signals ﬁrst were digitally band-passed ﬁltered (15–300 Hz) using a fourth-order, zero-lag Butterworth ﬁlter. The amplitude of the EMG recorded during the MVC trials was quantiﬁed as the root mean square (RMS) of one single 1-s epoch that yielded the highest mean torque for any of the MVC trials (Mulder et al., 2009). Submaximal EMG signals were root-mean-squared over the selected 2-s epoch and were subsequently normalized to MVC. Coherence analyses were performed using FieldTrip (Donders Institute for Brain, Cognition and Behaviour, Radboud University Nijmegen, the Netherlands; see http://www.ru.nl/neuroimaging/ ﬁeldtrip). The analysis was performed over the most stable 10-s portion of the submaximal contraction at the relative contraction intensity of 20% MVC. EMG and torque data were divided into subsequent non-overlapping epochs of 1 s each. A Hanning taper function was applied to each epoch before coherence was calculated. The signiﬁcance of the coherence was examined by referring to the null hypothesis of zero, which was tested by randomly shufﬂing the 1-s data epochs 300 times. The 95% conﬁdence interval was created by determining the average coherence value plus twice the standard deviation from these random shufﬂes. 2.7. Statistical analysis Changes in submaximal CV, spectral distribution of torque ﬂuctuation, submaximal agonistic and antagonistic EMG amplitude were compared across groups with a three-factorial repeated-measures analysis of variance (ANOVA) design to detect the BR  torque intensity  group interaction. Changes in Hmax/Mmax, Mmax, and M/Mmax were analyzed by using a repeated-measures, twofactorial ANOVA design to detect the BR x group interaction. If a signiﬁcant interaction (P < 0.05) or a tendency towards an interaction (P < 0.1) between group and time was seen, separate repeatedmeasures ANOVAs were used for each group to detect where the changes occurred. If a main effect of BR was seen within the ANOVA without a main effect of group, the pooled response is presented. Pearson correlations were constructed to test the signiﬁcance between the oscillation frequency at 20% MVC and the latency of the H-reﬂex after BR. Statistical signiﬁcance was



set to P < 0.05. Values are presented as means ± SD in text and means ± SE in ﬁgures. 3. Results 3.1. Isometric torque ﬂuctuations Fig. 1 shows representative data from one CTR subject performing the isometric plantar ﬂexion steadiness task at 20% of the current MVC before (A) and following (B) bed rest. Note the rhythmic torque oscillation around 8 Hz with bursting EMG proﬁles after BR. The magnitude of torque ﬂuctuations (CV) before BR depended non-linearly on torque level (ANOVA contrasts P < 0.005), for both CTR and RT with the largest ﬂuctuations occurring at the intermediate contraction intensities (Fig. 2). Following BR, CV depended linearly on contraction intensity for both CTR and RT (ANOVA contrasts P < 0.01) with the largest ﬂuctuations occurring at 20% MVC (Fig. 2). Across intensities, CV increased more (P < 0.05) for CTR (from 0.31 ± 0.10% to 0.92 ± 0.63%; P < 0.001) with BR than for RT (from 0.30 ± 0.09 to 0.54 ± 0.72; P < 0.01). The magnitude of the increase in CV depended also signiﬁcantly on contraction intensity for both groups (P < 0.01), with the largest increases in CV occurring at the 20% MVC level. 3.2. Spectral analysis of isomeric torque ﬂuctuations Spectral analysis showed that most CTR subjects displayed torque proﬁles with considerable rhythmic oscillation after BR. In each contraction, the oscillations were restricted to a narrow frequency band (see example in Fig. 3). Only the CTR group displayed a signiﬁcant shift in the spectral distribution of torque ﬂuctuations following BR (P < 0.05; Fig. 4). Across contraction intensities, more normalized power at 6.5– 20 Hz was seen after BR, as compared to before BR (P < 0.05). The largest changes in normalized power were observed at 20% MVC. Spectral distribution of torque ﬂuctuations remained unaltered for RT (Fig. 4). The difference across contraction intensities was signiﬁcant between groups (P < 0.01). 3.3. Neural activation at submaximal torque levels Normalized plantar ﬂexor EMG amplitude increased 9% across contraction intensities with BR (P < 0.05). No effect of contraction intensity and no differences between groups were observed (Fig. 5 top panel). Similarly, normalized tibialis anterior EMG amplitude (i.e. stabilizing cocontraction of this antagonist muscle) also increased across contraction intensities following BR, by 34% (P < 0.01). No differences between groups were observed (Fig. 5 lower panel). 3.4. Association of torque ﬂuctuations with Hofmann reﬂex The M-wave/Mmax at Hmax (0.21 ± 0.12) did not signiﬁcantly change with BR (0.25 ± 0.14), suggesting that the same proportion of motor neurons was activated each session (Seynnes et al., 2010). Mmax increased collectively (i.e. across CTR and RT; n = 20) from 8.48 ± 2.39 mV before BR to 10.51 ± 3.03 mV following BR (P < 0.01). Hmax/Mmax declined with BR across groups from 0.57 ± 0.18 to 0.44 ± 0.14 (P < 0.01; Fig. 6). No correlations were found between (absolute or relative) changes in Hmax/Mmax ratio and CV. Signiﬁcant Pearson correlations appeared between oscillation frequency in the torque signals and H-reﬂex latency. Such correlations (Fig. 7) were found following BR at 20 % MVC (r = 0.73,



387



E.R. Mulder et al. / Journal of Electromyography and Kinesiology 21 (2011) 384–393



20% MVC



Before BR



(40 Nm) 2s



SOL



100 µV



GM



100 µV



LM



50 µV



TA



25 µV



500 ms



20% MVC



After BR



(30 Nm) 2s



SOL



100 µV



GM



100 µV



GL



50 µV



TA



25 µV



500 ms



Fig. 1. Representative data from a CTR subject performing an isometric plantar ﬂexion steadiness task at 20% of the current MVC before (A) and after (B) bed rest. Torque and electromyogram (EMG) signals from the three agonist muscles are presented. Note the appearance of bursting EMG proﬁles and rhythmic torque oscillation after bed rest. The vertical lines in the torque signal outline the most stable 2-s epoch for which the torque and EMG signals were analyzed. SOL, soleus; GM, gastrocnemius medial head; GL, gastrocnemius lateral head.
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Fig. 2. Extent of torque ﬂuctuations (expressed as CV) during steady plantar ﬂexion, before and after bed rest. The P-value left of the slash (/) represents the overall increase in CV with bed rest for each group. The P-value right of the slash signiﬁes the signiﬁcant bed rest  contraction intensity interaction for each group.



P < 0.001, n = 16), at 40 % MVC (r = 0.62, P < 0.05, n = 13) and at 60% MVC (r = 0.71, P < 0.05, n = 10). As can be seen in Fig. 7, mean oscillation frequency increased thereby signiﬁcantly with contraction intensity (Pearson correlation, r = 0.647, P < 0.01). Because oscillations were virtually absent at 80% MVC, no statistics were performed and no data is displayed for this intensity. Torque/EMG coherence spectra of subjects that did not display narrow band oscillations in the torque signals (either pre or post BR) also lacked a dominant peak in the coherence spectra in the 6.5–20 Hz range (example in Fig 8, top panel). However, for those



subjects whose torque signal rhythmically oscillated at 20% MVC, the coherence analysis showed a dominant peak (example in Fig. 8, lower panel), indicating that agonistic and antagonistic EMG activities were indeed modulated with the same periodicity as the torque signal. 4. Discussion The present study showed that the decrease in submaximal isometric plantar ﬂexor torque steadiness after BR largely resulted
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Fig. 3. Normalized power spectrum of torque ﬂuctuations before and after bed rest in one subject (CTR). The data show the appearance of a clear peak in the normalized power spectrum at 8 Hz during steady plantar ﬂexion at 20% MVC after bed rest (grey line). The inset shows the corresponding distribution of the torque power spectrum into two bins; one bin from 0.5 to 6 Hz, and one bin from 6.5 to 20 Hz.



from enhanced physiological tremor. The tremor frequency was related to the latency of the Hoffman reﬂex and equaled the periodicity of bursting EMG activity proﬁles following BR. Resistance training was partially successful as it mitigated the loss in submaximal plantar ﬂexor torque steadiness caused by BR. 4.1. Effect of bed rest on isometric torque steadiness In addition to a loss in plantar ﬂexion strength (Mulder et al., 2009), the present study showed that BR also reduces submaximal isometric torque steadiness. The latter is consistent with previous reports on increased torque ﬂuctuations due to aging and disuse (Clark et al., 2007; Enoka et al., 2003; Shinohara et al., 2003). However, the 200% increase in CV in the present study differs considerably from the 88% and 12% increases in CV previously reported for the plantar ﬂexor group after disuse (Clark et al., 2007; Shinohara et al., 2003). These discrepancies are likely attributed to methodological differences between studies with respect to contraction duration, intensity, and analyzed portion. Differences in the model and duration used to induce inactivity may also play a role (Clark et al., 2007; Shinohara et al., 2003).



Though the power of torque ﬂuctuations also increased for lower frequencies (data not shown), the increase in the power observed at the higher frequencies was disproportionally large (Fig. 4) and depended inversely on contraction intensity, as previously described (Shinohara et al., 2003). With only a small number of active motor units, the coupling of ﬁring behavior would more easily lead to ‘‘EMG gaps’’ and thus higher torque variability at lower than at higher force levels. Oscillations within the 6–15 Hz frequency band are usually described as physiological tremor (Deuschl et al., 2001), which is considered to primarily originate from cortical oscillations that are effectively transmitted to the motoneurons (Raethjen et al., 2002; Stegeman et al., 2010). When contracting muscles become fatigued (Young and Hagbarth, 1980) or exhibit muscle damage following eccentric exercise (Semmler et al., 2007) physiological tremor amplitude is substantially enhanced. Previous research showed that the stretch reﬂex pathway plays a signiﬁcant role in modulating physiological tremor via muscle spindle feedback (Young and Hagbarth, 1980). The central part of the stretch reﬂex is the H-reﬂex circuitry, which includes the Ia-afferent ﬁbers and the alpha motoneurons on which they project monosynaptically. With respect to inactivity, most, but not all (Clark et al., 2007; Yamanaka et al., 1999), studies report an increased H-reﬂex size following physical inactivity (Clark et al., 2007; Duchateau, 1995; Lambertz et al., 2003; Lundbye-Jensen and Nielsen, 2008a; Seynnes et al., 2010). Decreased presynaptic inhibition of the Ia afferents is thought to contribute to this effect (Lundbye-Jensen and Nielsen, 2008b). Unexpectedly, the amplitude of the soleus H-reﬂex amplitude declined with BR in the present study. Though changes in H-reﬂex amplitude are more easily detected in partially activated muscles (Aagaard et al., 2002), for logistical reasons the H-reﬂexes in the present study were obtained in the relaxed soleus and not during the performance of the submaximal contractions. Furthermore, unlike previous studies (Clark et al., 2007), the ankle joint was completely unrestrained in the present study. These testing conﬁgurations may have contributed to the decline in resting soleus H-reﬂex amplitude in the present study. Consequently, no signiﬁcant relationship between changes in H-reﬂex amplitude and CV was found. However, the signiﬁcant correlation between H-reﬂex latency and tremor frequency following BR (Fig. 7) indicates a signiﬁcant role for the H-reﬂex arc in at least dictating the frequency of the augmented physiological tremor following bed rest.



4.2. Spectral analyses of torque ﬂuctuation



4.3. Isometric steadiness and electromyographic activity following bed rest



The increased torque ﬂuctuations after BR coincided with elevated rhythmic oscillations between 6 and 12 Hz (Figs. 1 and 3).



Conﬁrming previous studies, EMG activity in the plantar ﬂexor group following BR indicated more bursting activity (Alaimo et al.,
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Fig. 4. Dependency of the normalized power of torque ﬂuctuations at 6.5–20 Hz on normalized torque level (% MVC) during steady isometric plantar ﬂexion, pre and post bed rest. The P-value left of the slash (/) represent the overall increase in relative power at 6.5–20 Hz with bed rest for CTR. The P-value right of the slash signiﬁes the signiﬁcant bed rest x contraction intensity interaction for CTR.
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Fig. 5. Submaximal plantar ﬂexor (PF) and tibialis anterior (TA) EMG amplitude increased following bed rest (P < 0.05), irrespective of group allocation.
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Fig. 6. Adaptations in the soleus H-reﬂex amplitude (Hmax/Mmax ratio) as a consequence of bed rest. As no differences were observed between CTR (n = 7), and RT (n = 13); the P-value represents the overall signiﬁcant decline in H-reﬂex amplitude with bed rest.



1984; Kozlovskaya and Kirenskaya, 2004; Riley et al., 1990; Semmler et al., 2000). However, the ﬁndings of the present study also indicated that the antagonistic TA showed such an activation pattern (see Fig 8). This likely implies that both agonistic and antagonistic motor unit discharge rates converged to similar values following physical inactivity (Enoka et al., 2003). The overall increase in submaximal plantar ﬂexor EMG activity is also in line with previous research (Berg et al., 1997; Berg and Tesch, 1996; Duchateau and Hainaut, 1990; Schulze et al., 2002). Because the
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H-reflex latency (ms) Fig. 7. Relationship between oscillation (tremor) frequency in the torque signal and H-reﬂex latency during steady plantar ﬂexion at the 20%, 40% and 60% MVC after bed rest for the RT subjects (triangles) and CTR subjects (circles). Signiﬁcant Pearson correlations (solid lines; see Section 3 for more details) were found for all contraction intensities where tremor was evident in the torque signal following bed rest.



plantar ﬂexor muscles in the present study produced a similar relative tension pre and post BR, the elevation in both agonistic and antagonistic EMG amplitude seems most likely a general random signal effect as increased phase locking in ﬁrings between the
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Fig. 8. Representative examples showing the level of coherence between torque and EMG spectra during steady plantar ﬂexion at 20% MVC without (top panel) and with (lower panel) rhythmic torque oscillation. The large positive peak at 9 Hz for all muscles in the lower panel points out the very strong coherence between agonist (and antagonist) EMG and the torque signal at this frequency. The dashed horizontal lines indicate the upper level of the 95% conﬁdence interval for coherence. SOL, soleus; GM, gastrocnemius medial head; TA, tibialis anterior; GL, gastrocnemius lateral head.



different motor units would lead to a reduced level of mutual phase cancelation of the motor unit potentials (Keenan et al., 2005). 4.4. The effect of resistance training on isometric plantar ﬂexor torque steadiness In accordance with earlier BR research (Shinohara et al., 2003), plantar ﬂexor training during BR partially mitigated the loss in torque steadiness. In addition, ambulatory studies have also shown that strength training can concomitantly improve maximal force and force steadiness (Hortobagyi et al., 2001). Habituation to the task is important, as submaximal force steadiness is negatively inﬂuenced by the visual correction (Tracy, 2007). As the trained individuals were given constant visual feedback during training, they might have partly offset changes in submaximal CV by learning to avoid large corrections in force output. However, since visual



correction mainly affects the lower frequency range of torque ﬂuctuations (Tracy, 2007), it cannot explain why training prevented an enlargement in physiological tremor. On the other hand, ambulatory strength training has also been shown to improve ﬁnger force steadiness in subjects with essential tremor by reducing the activity of a ‘central oscillator’ operating at low (3–6 Hz) frequencies (Bilodeau et al., 2000). Furthermore, Tracy et al. (2004) suggested that strength training may also exert an effect on neural mechanisms that underlie physiological tremor. In the present study, this could not be conﬁrmed as neither the changes in H-reﬂex amplitude, nor that in agonist and antagonist EMG amplitudes differed between the experimental groups. Based on the above, we suggest that the present countermeasure may have preserved voluntary force control by preventing or limiting changes in intrinsic muscle contractile characteristics as a result of BR.
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4.5. Limitations The sample size estimate for the 2nd Berlin BedRest Study was based upon bone parameters (Belavy´ et al., 2010) and based upon our calculations the current study was insufﬁciently sensitive to assess a meaningful difference between the two training groups for the current motor control parameters. For this reason we pooled the data from both training groups. Unsurprisingly, if one does consider the two countermeasure training groups separately, there were no statistical differences between the two training groups (data not shown). Whilst it is theoretically possible for vibration to have an additional effect, given the low numbers of subjects, to focus on the meaningful comparisons, we pooled the two training groups together. 5. Conclusion In conclusion, the present study revealed that 60 days of BR increased isometric torque ﬂuctuation during steady submaximal plantar ﬂexion, largely due to augmented physiological tremor. Resistance training during BR prevented a speciﬁc enhancement of physiological tremor and halved the increase in plantar ﬂexor torque ﬂuctuation. These effects could not be explained by differential changes in H-reﬂex amplitude, and/or submaximal EMG activity, suggesting that other, currently unknown factors may have contributed to the present results. Acknowledgements The 2nd Berlin BedRest Study (BBR2-2) was supported by grant 14431/02/NL/SH2 from the European Space Agency and grant 50WB0720 from the German Aerospace Center (DLR). The 2nd Berlin BedRest Study was also sponsored by Novotec Medical, Charité Universitätsmedizin Berlin, Siemens, Osteomedical Group, Wyeth Pharma, Servier Deutschland, P&G, Kubivent, Seca, AstraZeneca and General Electric. Daniel L. Belavy´ was supported by a post-doctoral fellowship from the Alexander von Humboldt Foundation. References Aagaard P, Simonsen EB, Andersen JL, Magnusson P, Dyhre-Poulsen P. Neural adaptation to resistance training: changes in evoked V-wave and H-reﬂex responses. J Appl Physiol 2002;92:2309–18. Akima H, Kubo K, Imai M, Kanehisa H, Suzuki Y, Gunji A, et al. Inactivity and muscle: effect of resistance training during bed rest on muscle size in the lower limb. Acta Physiol Scand 2001;172:269–78. Alaimo MA, Smith JL, Roy RR, Edgerton VR. EMG activity of slow and fast ankle extensors following spinal cord transection. J Appl Physiol 1984;56:1608–13. Alkner BA, Tesch PA. Knee extensor and plantar ﬂexor muscle size and function following 90 days of bed rest with or without resistance exercise. Eur J Appl Physiol 2004;93:294–305. Belavy´ DL, Beller G, Armbrecht G, Perschel FH, Fitzner R, Bock O, et al. Evidence for an additional effect of whole-body vibration above resistive exercise alone in preventing bone loss during prolonged bed rest. Osteoporos Int 2010. doi:10.1007/ s00198-010-1371-6. Belavy´ DL, Bock O, Börst H, Armbrecht G, Gast U, Degner C, et al. The 2nd Berlin BedRest Study: protocol and implementation. J Musculoskelet Neuronal Interact 2010;10:207–19. Belavy´ DL, Miokovic T, Armbrecht G, Richardson CA, Rittweger J, Felsenberg D. Differential atrophy of the lower-limb musculature during prolonged bed-rest. Eur J Appl Physiol 2009;107:489–99. Belavy´ DL, Richardson CA, Wilson SJ, Felsenberg D, Rittweger J. Tonic-to-phasic shift of lumbo-pelvic muscle activity during 8 weeks of bed rest and 6-months follow up. J Appl Physiol 2007;103:48–54. Berg HE, Eiken O, Miklavcic L, Mekjavic IB. Hip, thigh and calf muscle atrophy and bone loss after 5-week bedrest inactivity. Eur J Appl Physiol 2007;99:283–9. Berg HE, Larsson L, Tesch PA. Lower limb skeletal muscle function after 6 weeks of



391



bed rest. J Appl Physiol 1997;82:182–8. Berg HE, Tesch PA. Changes in muscle function in response to 10 days of lower limb unloading in humans. Acta Physiol Scand 1996;157:63–70. Bilodeau M, Keen DA, Sweeney PJ, Shields RW, Enoka RM. Strength training can improve steadiness in persons with essential tremor. Muscle Nerve 2000;23:771–8. Clark BC, Pierce JR, Manini TM, Ploutz-Snyder LL. Effect of prolonged unweighting of human skeletal muscle on neuromotor force control. Eur J Appl Physiol 2007;100:53–62. Deuschl G, Raethjen J, Lindemann M, Krack P. The pathophysiology of tremor. Muscle Nerve 2001;24:716–35. Duchateau J. Bed rest induces neural and contractile adaptations in triceps surae. Med Sci Sports Exerc 1995;27:1581–9. Duchateau J, Hainaut K. Effects of immobilization on contractile properties, recruitment and ﬁring rates of human motor units. J Physiol 1990;422:55–65. Enoka RM, Christou EA, Hunter SK, Kornatz KW, Semmler JG, Taylor AM, et al. Mechanisms that contribute to differences in motor performance between young and old adults. J Electromyogr Kinesiol 2003;13:1–12. Hermens HJ, Freriks B, Merletti R, Stegeman D, Blok J, Rau G, et al. European recommendations for surface electromyography, SENIAM 8. Enschede, The Netherlands: Roessingh Research and Development b.v.; 1999. Hortobagyi T, Tunnel D, Moody J, Beam S, Devita P. Low- or high-intensity strength training partially restores impaired quadriceps force accuracy and steadiness in aged adults. J Gerontol A Biol Sci Med Sci 2001;56:B38–47. Keenan KG, Farina D, Maluf KS, Merletti R, Enoka RM. Inﬂuence of amplitude cancellation on the simulated surface electromyogram. J Appl Physiol 2005;98:120–31. Kozlovskaya IB, Kirenskaya AV. Mechanisms of disorders of the characteristics of ﬁne movements in long-term hypokinesia. Neurosci Behav Physiol 2004;34:747–54. Lambertz D, Goubel F, Kaspranski R, Perot C. Inﬂuence of long-term spaceﬂight on neuromechanical properties of muscles in humans. J Appl Physiol 2003;94:490–8. Lundbye-Jensen J, Nielsen JB. Central nervous adaptations following 1 week of wrist and hand immobilization. J Appl Physiol 2008a;105:139–51. Lundbye-Jensen J, Nielsen JB. Immobilization induces changes in presynaptic control of group Ia afferents in healthy humans. J Physiol 2008b;586:4121–35. Mulder ER, Horstman AM, Stegeman DF, de HA, Belavy DL, Miokovic T, et al. Inﬂuence of vibration resistance training on knee extensor and plantar ﬂexor size, strength, and contractile speed characteristics after 60 days of bed rest. J Appl Physiol 2009;107:1789–98. Raethjen J, Lindemann M, Dumpelmann M, Wenzelburger R, Stolze H, Pﬁster G, et al. Corticomuscular coherence in the 6–15 Hz band: is the cortex involved in the generation of physiologic tremor? Exp Brain Res 2002;142:32–40. Riley DA, Slocum GR, Bain JL, Sedlak FR, Sowa TE, Mellender JW. Rat hindlimb unloading: soleus histochemistry, ultrastructure, and electromyography. J Appl Physiol 1990;69:58–66. Sabbahi MA, Sedgwick EM. Recovery proﬁle of single motoneurons after electrical stimuli in man. Brain Res 1987;423:125–34. Schulze K, Gallagher P, Trappe S. Resistance training preserves skeletal muscle function during unloading in humans. Med Sci Sports Exerc 2002;34:303–13. Semmler JG, Kutzscher DV, Enoka RM. Limb immobilization alters muscle activation patterns during a fatiguing isometric contraction. Muscle Nerve 2000;23:1381–92. Semmler JG, Tucker KJ, Allen TJ, Proske U. Eccentric exercise increases EMG amplitude and force ﬂuctuations during submaximal contractions of elbow ﬂexor muscles. J Appl Physiol 2007;103:979–89. Seynnes OR, Mafﬁuletti NA, Horstman AM, Narici MV. Increased H-reﬂex excitability is not accompanied by changes in neural drive following 24 days of unilateral lower limb suspension. Muscle Nerve 2010;42:749–55. Shinohara M, Yoshitake Y, Kouzaki M, Fukuoka H, Fukunaga T. Strength training counteracts motor performance losses during bed rest. J Appl Physiol 2003;95:1485–92. Stegeman D, van der Ven WJM, van Elswijk GA, Oosterveld R, Kleine BU. The amotoneuron pool as transmitter of rhythmicities in cortical motor drive. Clin Neurophysiol 2010;121:1633–42. Tracy BL. Visuomotor contribution to force variability in the plantarﬂexor and dorsiﬂexor muscles. Hum Mov Sci 2007;26:796–807. Tracy BL, Byrnes WC, Enoka RM. Strength training reduces force ﬂuctuations during anisometric contractions of the quadriceps femoris muscles in old adults. J Appl Physiol 2004;96:1530–40. Verhoeven K, van Dijk JG. Decreasing pain in electrical nerve stimulation. Clin Neurophysiol 2006;117:972–8. Yamanaka K, Yamamoto S, Nakazawa K, Yano H, Suzuki Y, Fukunaga T. The effects of long-term bed rest on H-reﬂex and motor evoked potential in the human soleus muscle during standing. Neurosci Lett 1999;266:101–4. Yoshitake Y, Kouzaki M, Fukuoka H, Fukunaga T, Shinohara M. Modulation of muscle activity and force ﬂuctuations in the plantarﬂexors after bedrest depends on knee position. Muscle Nerve 2007;35:745–55. Young RR, Hagbarth KE. Physiological tremor enhanced by manoeuvres affecting the segmental stretch reﬂex. J Neurol Neurosurg Psychiatry 1980;43:248–56.



392



E.R. Mulder et al. / Journal of Electromyography and Kinesiology 21 (2011) 384–393 Edwin R. Mulder was born in The Netherlands in 1975. He received his Master of Human Movement Sciences (2001) and Ph.D. (2007) in Human Movement Sciences from the VU University in Amsterdam. From 2010 he works as a researcher at the German Aerospace Institute where his main interests involve muscle and cardiovascular adaptations in weightlessness.



Astrid M. Horstman received a M.Sc. degree in Human Movement Sciences in 2006 from the VU University in Amsterdam. In 2010 she obtained her Ph.D. on the basis of a thesis focusing on functional muscle characteristics after stroke and unloading.



Arnold de Haan received the M.Sc. degree in biochemistry at the University of Amsterdam, The Netherlands, in 1978. He received his Ph.D. degree in 1988 on the thesis ‘‘Mechanics and Energetics of Skeletal Muscle’’ He is professor in Exercise Physiology at the Faculty of Human Movement Sciences of the VU University Amsterdam, the Netherlands. Since 2003, he is part-time professor in Muscle Biochemistry at the Manchester Metropolitan University, Manchester, United Kingdom. He is main coordinator of the European Consortium for Research into Biological Movement (Biomove). He is Director of the Research Institute MOVE of the VU University Amsterdam, the Netherlands. His main professional interests concern short-term changes in metabolic and functional muscle characteristics (fatigue, potentiation) and adaptations to increased and decreased muscle activity as a result of training, disease, bedrest, spinal cord injury and aging. With integrative and translational research, he tries to bridge the gap between research at the genetic/molecular level and research performed whole human body level.



Daniel L. Belavy´ is currently a post-doctoral research associate at the Charité University Medicine Berlin. His interests are in musculoskeletal changes in weightlessness, countermeasures against these changes and he has also published in the ﬁelds of signal/ data analysis. He has also developed a stronger interest in a work-life balance and enjoys traveling through Europe.



Karin Gerrits was born in Bramsche, Germany in 1971 and moved to the Netherlands in 1986. She received her Physical therapy degree (1989) from the Hogeschool Enschede, Master of Human Movement Sciences (1993) from the University Medical Centre Nijmegen, and Ph.D. in Human Movement Sciences (2000) from the VU University Amsterdam. From 2001 she has been working as an Assistant professor at the Faculty of Human Movement Sciences, VU University Amsterdam and her main research work/interest involves muscle physiology and (chronic) adaptations in health and disease.



Mark Massa was born in the Netherlands, in Voorburg on 22 January 1963. He received his B.Sc degree in electrical engineering at the HTS Arnhem, the Netherlands, in 1987. Currently he is working at the Radboud University Medical Centre as a hardware/ software engineer. For the department of Neurology/ Clinical Neurophysiology, his work focuses on data analysis for surface EMG force measurements. Part of his time he also works for the department of Anatomy as a technical and teaching assistant in Human Movement Sciences.



Bert U. Kleine received his medical degree from the Friedrich-Schiller-University in Jena, Germany in 2000. In 2001 he defended is MD thesis at the same university. He worked 1.5 years as intern at the Department of Neurology of the University of Tübingen, Germany. Between 2002 and 2010 he was resident in neurology and clinical neurophysiology at Radboud University Nijmegen Medical Centre, The Netherlands. In 2003, he received a stipendium from The Netherlands Organization for Health Research and Development for a Ph.D. project on motor neuron disease. His research interests include motoneuron physiology in motor neuron disease, transcranial magnetic stimulation, and evidence based medicine in diagnostic studies.



Dieter Felsenberg is leader of the Centre for Muscle and Bone Research and Professor at the Charité University Medicine Berlin. His research focuses on osteoporosis, bone and muscle metabolism, bone biomechanics, diagnostics of bone metastases, sports medicine, rheumatoid arthritis, micro-CT technology and muscle and bone metabolism in weightlessness. He is a member of a number of European and American radiological and osteoporosis societies, is vicepresident of the German Academy of Osteology and Rheumatology (DAdorW) and president of the German Society of Muscle and Bone Research.



Machiel Zwarts received his MD from the Faculty of Medicine, University of Groningen in 1978 and completed his residency in Neurology and Clinical Neurophysiology in 1984 at the University hospital, Groningen. In 1989 he received his Ph.D. degree on the thesis ‘‘Applications of muscle ﬁber conduction velocity estimation’’ –A surface emg study-. From 1997–2010 he was professor of Clinical Neurophysiology at the Radboud University Medical Centre, Nijmegen, the Netherlands. From 2010 he is head of the tertiairy epilepsy centre Kempenhaeghe, Heeze. In 1992 he was awarded the ﬁrst ‘‘Storm van LeeuwenMagnus prijs’’ of the Dutch society of Clinical Neurophysiology and in 2001 he presented the 26th Annual Edward H. Lambert Lecture on invitation of the American Association of Electrodiagnostic Medicine. He is chairmen of the Dutch Society for Clinical Neurophysiology and coauthor of the second edition of ‘‘Electrodiagnostic Medicine’’ (2002) by Dumitru D, Amato AA and Zwarts MJ. His research concerns the electrophysiological measurement and diagnosis of neuromuscular disorders and muscle fatigue. A major goal is the development and application of multi-channel surface electromyography as a new tool in the noninvasive diagnosis of neuromuscular disorders. Other areas of interest are ultrasound diagnosis of neuromuscular disease, magnetic stimulation of the nervous system, electrophysiological predictors of recovery, emg guided botulinum toxin treatment for movement disorders and central aspects of local muscle fatigue.



E.R. Mulder et al. / Journal of Electromyography and Kinesiology 21 (2011) 384–393 Dick F. Stegeman received a Ph.D. degree for work on model studies of human electric nerve activity. Since 1984, he is medical physicist at the Radboud University Nijmegen Medical Centre, Department of Neurology/Clinical Neurophysiology. Since 2003, he is also full professor of applied electrophysiology at the Faculty of Human Movement Sciences at the VU university in Amsterdam. He is the co-(author) of over 155 SCI-publications. His interests concern electrophysiological modeling, the theory of volume conduction and the measurement and quantitative analysis of electroneurographic, EMG and EEG data. The main ﬁelds of application of these subjects are clinical neurophysiology, cognition research and kinesiology. The present research concentrates on spatio-temporal information in electrophysiological data and the use of non-invasive brain stimulation (TMS, tDCS) for diagnosis and therapy. A key development of his group is a system for high-density EMG.



393



























[image: HEEL PAIN - PLANTAR (1).pdf]
HEEL PAIN - PLANTAR (1).pdf












[image: Physiologist Physiologist - American Physiological Society]
Physiologist Physiologist - American Physiological Society












[image: Physiologist Physiologist - American Physiological Society]
Physiologist Physiologist - American Physiological Society












[image: Enhancing Android Accessibility for Users with hand tremor by ...]
Enhancing Android Accessibility for Users with hand tremor by ...












[image: Download The Plantar Fasciitis Plan: Free Your Feet ...]
Download The Plantar Fasciitis Plan: Free Your Feet ...












[image: New Foot Heel Pain / Plantar Fasciitis Offer]
New Foot Heel Pain / Plantar Fasciitis Offer












[image: psychophysiology human behavior and physiological response pdf ...]
psychophysiology human behavior and physiological response pdf ...












[image: Characterization of the Psychological, Physiological and ... - CiteSeerX]
Characterization of the Psychological, Physiological and ... - CiteSeerX












[image: Physiological Consequences of Bipolar ...]
Physiological Consequences of Bipolar ...












[image: Indexing certain physiological parameters on drought management]
Indexing certain physiological parameters on drought management












[image: Heart rate variability Standards of measurement, physiological ...]
Heart rate variability Standards of measurement, physiological ...












[image: Characterization of the Psychological, Physiological ... - ScienceOpen]
Characterization of the Psychological, Physiological ... - ScienceOpen












[image: Characterization of the Psychological, Physiological and ... - CiteSeerX]
Characterization of the Psychological, Physiological and ... - CiteSeerX












[image: Physiological Condition Differentially Affects the ...]
Physiological Condition Differentially Affects the ...















Enhanced physiological tremor deteriorates plantar ...






Seynnes et al., 2010) and positive feedback of the stretch reflex pathway is believed to lead to the grouping of ... countermeasure during space flight, as it effectively preserves muscle size and maximal voluntary torque ... detail elsewhere (BelavÃ½ et al., 2010; Mulder et al., 2009). In short,. 22 medically and psychologically ... 






 Download PDF 



















 999KB Sizes
 0 Downloads
 140 Views








 Report























Recommend Documents







[image: alt]





HEEL PAIN - PLANTAR (1).pdf 

The PTT attaches from the inside of the tibia (shin bone) to the. medial arch bones of the foot (navicular and cuneiforms) and plays a major role in supporting the ...














[image: alt]





Physiologist Physiologist - American Physiological Society 

Oct 5, 2012 - publisher to build communities of interest around the .... tion in reader traffic cannot be explained .... Status and proposed Bylaws filed by ... ship profile to provide information on ..... APS Integrative and Organismal Systems (IOS)














[image: alt]





Physiologist Physiologist - American Physiological Society 

Oct 5, 2012 - advertisement (job announcements, grant and travel ...... Integrating and Leveraging IOS Networks to Facilitate ..... their degree. Creat- ing the ...














[image: alt]





Enhancing Android Accessibility for Users with hand tremor by ... 

screen interfaces, for example, the â€œmore optionsâ€� menu but ton is only 7 mm in width on Android. Error rate on such small targets can be higher than 40% [10].














[image: alt]





Download The Plantar Fasciitis Plan: Free Your Feet ... 

Download The Plantar Fasciitis Plan: Free Your Feet From. Morning Pain PDF Ebook ... Plantar Fasciitis Plan, Dr. Dombroski identifies and explains causes ...














[image: alt]





New Foot Heel Pain / Plantar Fasciitis Offer 

... problem loading more pages. Retrying... com-new-groundwork-cad-trial-100-com-new-foot-heel-p ... sciitis-offer-93-for-every-auction-1499338212382.pdf.














[image: alt]





psychophysiology human behavior and physiological response pdf ... 

Page 1 of 1. File: Psychophysiology human behavior. and physiological response pdf. Download now. Click here if your download doesn't start automatically. Page 1 of 1. psychophysiology human behavior and physiological response pdf. psychophysiology h














[image: alt]





Characterization of the Psychological, Physiological and ... - CiteSeerX 

Aug 31, 2011 - free thinking when eyes were closed and significantly altered the global and ... comfortably at a desk facing a computer screen. Eight subjects ..... application into Chinese and loan of two choice reaction testing software,.














[image: alt]





Physiological Consequences of Bipolar ... 

quences of a novel energy source, bipolar radiofrequency energy, in a chronic ... Numerous energy sources have been used to .... data were digitized at 1,000 Hz. Activation times were ... atrial tissue, bi-directional electrical isolation was docu-.














[image: alt]





Indexing certain physiological parameters on drought management 

S. VINCENT, R. RETHINARAJA AND S. RAJARATHINAM. Coconut Research Station, Veppankulam 614 906, Tamil Nadu. Abstract: The genotype of coconut East Coast Tall was studied for its tolerance of drought through the physiological parameters by using differ














[image: alt]





Heart rate variability Standards of measurement, physiological ... 

Heart rate variability Standards of measurement, physiological interpretation, and clinical use.pdf. Heart rate variability Standards of measurement, physiological ...














[image: alt]





Characterization of the Psychological, Physiological ... - ScienceOpen 

Aug 31, 2011 - accuracy in a two choice scenario in 8 subjects were not affected by betel quid intoxication. ..... P,0.001 doi:10.1371/journal.pone.0023874.t003.














[image: alt]





Characterization of the Psychological, Physiological and ... - CiteSeerX 

Aug 31, 2011 - inhibitors [8], acetylcholine esterase inhibitors [9] and metabolites ...... Data was stored on a dedicated windows XP laptop PC for post.














[image: alt]





Physiological Condition Differentially Affects the ... 

Mar 30, 2010 - solely on endogenous energy reserves, as sockeye salmon cease .... of clean river water passing through the individual's mouth and gills.


























×
Report Enhanced physiological tremor deteriorates plantar ...





Your name




Email




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





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















