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Abstract Background Practical Applications

PURPOSE: This study used wavelet analyses, signal processing Simultaneously recorded electromyographic (EMG) and Subjects: Twelve recreationally active men (mean £ SD: age =20.9 + 2.2 Practitioners may use wavelet analyses to obtain information about the
procedures that provide information about the time, frequency, and mechanomyographic (MMGQ) signals provide complementary information yrs.; height = 179.8 £ 5.3 cm; body mass = 80.2 £+ 9.9 kg) free of any upper effects of fatigue on the time and frequency components of EMG and MMG
intensity components of electromyographic (EMG) and about the electrical and mechanical activity of muscles during various types body pathologies participated in this study. The subjects visited the signals that are not available using individual parameters, such as amplitude
: : : of exercise tasks (Madeleine et al., 2001; Malek & Coburn, 2012). Typically, laboratory on two occasions for testing. Procedures: The subjects performed and mean power frequency.

mechanomyographic (MMG) signals, to examine the effects of . . . . ; .

hor: ained. isometric forearm flexion tasks to a ratine of the responses of single parameters (e.g., amplitude and mean power a standardized warm-up (4, 3 s submaximal [50-75% maximal effort]
ane qung SUS a.lne ’ & frequency) obtained from the EMG and MMG signals are analyzed to make isometric forearm flexion muscle actions), 2, 3 s forearm flexion pre-test
Percelyed exertion (RPE) versus torque on the EMG and MMG inferences about motor unit activation strategies (Beck et al., 2004; Farina et maximal voluntary isometric contractions (MVICs) before and after the
intensity responses. METHODS: Twelve men (mean + SD: age = al., 2004), however, they do not provide information about the timing of sustained, isometric forearm flexion tasks anchored to a RPE of 4 (RPEFT) - oS .- . S R d I

—»—RPEFT POST

20.9 £ 2.2 yrs.; height = 179.8 = 5.3 cm; body mass = 80.2 + 9.9 kg) muscular events (von Tscharner, 2000; Beck et al., 2008). Therefore, von and the torque (TRQFT) that corresponded to a RPE of 4, and 2, 3 s post-test ’ men § 50 —ReerTire
performed forearm flexion maximal voluntary isometric Tscharner (2000) and Beck et al. (2008) developed wavelet analyses that use MVICs. Signal Processing: The EMG and MMG signals were recorded : o vt 5“_2
contractions (MVICs) before and after sustained, isometric forearm filter banks of 11 nonlinearly scaled Cauchy wavelets that maintain the time, from the biceps brachii and processed using wavelet analyses that o e Bl o £ : Q / \
flexion tasks anchored to an RPE of 4 (RPEFT) and the torque grggllljn)CY» ?1n1€/[1i\1/}t(§n(ssit}1,(§(e)sﬁllu)ﬁ(‘m aclross the fr.eq;leli:y range Offl\ég’ (1.0' d}fcomposid the osig?als onto sets of(lél\l/}c();ﬂinearly.scaleii (;agg};waaﬁﬁé U N oo o e B e B Rl

Z) an - z) signals, respectively. A recent study (Benitez that span the entire frequency range . approximately 7- z; : ek e T - b |
(TRQFT) that corresponded to aI.1 RPE ot 4. :Fhe EMG and MMG et al., 2024) used the MMG wavelet analysis (Beck et al.,2008) to examine approximately 2-120 Hz) of the signals. Total intensity and intensity spectra . p Y igs}; EESE E?EF'
signals were recorded from the biceps brachii and processed using sex-related differences in MMG intensity responses during a sustained, were obtained from the wavelet analyses. Analyses: Separate three-way > oo f 5
wavelet analyses that decomposed the signals onto sets of 11 isometric leg extension task anchored to the torque at MVIC. No study, [anchor (RPE vs torque) x time (pre-test MVIC vs post-test MVIC) x wavelet =+ = o1 Lo g %: @ { E
nonlinearly scaled Cauchy wavelets that span the entire frequency however, has examined the wavelet-based EMG and MMG intensity band (1-11)] repeated measures ANOVAs were used to analyze the EMG (% e 0 emssa 10 N R T
range (EMG: approximately 7-395 Hz; MMG: approximately 2-120 responses following sustained tasks anchored to a rating of perceived total volts squared) and MMG (% total squared meters per second squared) il Cmmee S e S omme ek
Hz). Total intensity and intensity spectra were obtained from the exertion (RPE) versus torque. intensity data. A p-value < 0.05 was considered statistically significant. —— ke post
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wavelet analyses. Separate three-way [anchor (RPE vs torque) x
time (pre-test MVIC vs post-test MVIC) x wavelet band (1-11)]
repeated measures ANOVAs were used to analyze the EMG (% total
volts squared) and MMG (% total squared meters per second
squared) intensity data. RESULTS: For EMG intensity, there was a
significant three-way interaction (p < 0.001) that was decomposed
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Thus, this study used wavelet analyses to examine the effects of anchoring ZE ) o
sustained, 1sometric forearm flexion tasks to RPE versus torque on the EMG £%

and MMG intensity responses. Results - Ho
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. ) For EMG intensity, there was a significant three-way interaction (p < 0.001) Fig 2 Mechanomyographic (MMG) intensity patterns for the normalized (% total intensity)
with two-way [anchor X Flme] repea.ted mMeasurcs ANQVAS for each that was decomposed with two-way [anchor x time] repeated measures composite pre-test (a, ) and post-test (b, f) maximal voluntary isometric contractions
wavelet band. The pairwise comparisons for the Slgnlﬁcant (p — TS ST \!ﬂ.‘ssqm‘%%m 1:_ TIGHOST et ©_RTEMG l.m i 1a;% ? sodj o L ANOVAs for each wavelet band. The pairwise comparisons for the (MVICs) before and after sustained, isometric forearm flexion tasks anchored to a rating of
0.002-0.042) interactions and main effects from the follow-up two- n R O R ol R 22l e significant (p = 0.002-0.042) interactions and main effects from the follow-up perceived exertion of 4 (RPEFT) and the torque (TRQFT) that corresponded to a rating of
way ANOVAs indicated that EMG intensity from pre-test to post- Pttt e, ¢ il il [0, & PSSR oo S0 \ two-way ANOVAs indicated that EMG intensity from pre-test to post-test perceived exertion of 4. MMG difierence (pre-test MVIC. — post-test MVIC) intensity

MVIC: I d let bands 2 and 3. d d 2" — zb"’ e AR = o i MVIC: (a) Increased at wavelet bands 2 and 3, decreased at wavelet bands 7- patterns for the RPEFT (c) and TRQFT (g). MMG intensity spectra for the pre-test MVIC,
test : (a) Increased at wavelet bands 2 and 3, decreased at ok | Wone | e [ ] B TN . j post-test MVIC, and difference (pre-test MVIC — post-test MVIC) for the RPEFT (d),
wavelet bands 7-8 and 11, and remained unchanged at wavelet bands S Tmes S Tmew Lt e 8 and 11, and remained unchanged at wavelet bands 1, 4-6, and 9-10 for the TRQFT (h), and the RPEFT and TRQFT combined (i)
1 4-6. an d 9-10 fOI’ the TR QFT an d (b) increase d at wavelet ban d 6 ]; TRQFT EMG PRE vonssqmﬁ%iﬁ ]Uf_ TROQFT EMG POST vohssqu?%ig ]f‘ TRQFT EMG DIFF mh“qu%f;’ g iy :ﬁgg B TRQFT, and (b) 1.ncreased at wavelet band 6, decreased at wavelet bands 8 PRE = pre-test MVIC, POST = post-test MVIC, DIFF = difference
’ ’ ’ , ’ ‘] “ ol oG gies 5] 1 AR GIREREE and 11, and remained unchanged at wavelet bands 1-5, 7, and 9-10 for the " <
y - B 23 30 wavelet 3 > wavelets 1, 2,4,5,6,7,8,9,10,and 11 (p <0.05)
decreased at wavelet bands 8 and 11, and remained unchanged at N w3 oo 5 f | R B2 RPEFT
let bands 1 d 9-10 for th ' - TSN g S S ST R D e N W - rwavelet 4 > wavelets 1,2, 5,6, 7, 8,9, 10, and 11 (p < 0.05)
wavelet bands . —5,. 7, and 9-10 for the RPEET. For MMG 1nteps1ty, P " T e T | | o | | »wavelet 5 > wavelet 1, 10, and 11 (» < 0.05)
there were no significant (p = 0.220-0.999) interactions or main So 2 o oo as 1o 0 %o e oroeas 1o 0 Soesasdeosdo 0 1334367490 For MMG intensity, there were no significant (p = 0.220-0.999) interactions #wavelet 6 > wavelet 1, 10, and 11 (p < 0.05)
effects for anchor and time, but there was a significant (p < 0.001) . e e e or main effects for anchor and time, but there was a significant (p < 0.001)
: : S S - ReEFT DIFF main effect for wavelet band. The Bonferroni-corrected pairwise comparisons
main effect for wavelet band. The Bonferroni-corrected pairwise si el et palrwi P
comparisons for the significant (p < 0.001) follow-up one-way Pin T TRQET DU for the significant (p < 0.001) follow-up one-way ANOVA indicated that
ANOVA indicated that MMG intensity (coll d h d 2% ) MMG intensity (collapsed across anchor and time) at: (a) Wavelet band 3 R e f erences
) ndicated tha HIENSILY (COHApSCa aCloss ahthor an S was greater than wavelet bands 1-2, and 4-11; (b) wavelet band 4 was greater
time) at: (a) Wavelet band 3 was greater than wavelet bands 1-2, and Wavee than wavelet bands 1-2, and 5-11; (c) wavelet band 5 was greater than
4-11; (b) wavelet band 4 was greater than wavelet bands 1-2, and 5- wavelet bands 1, and 10-11; and (d) wavelet band 6 was greater than wavelet .
Beck, T. W., Housh, T. J., Johnson, G. O., Weir, J. P., Cramer, J. T., Coburn, J. W., & Malek, M.
1 1; (C) wavelet band 5 was greater than wavelet bands 1’ and 10-1 1; bands I, and 10-11. H. (2004). Mechanomyographic amplitude and mean power frequency versus torque relationships
- during isokinetic and 1 tri le acti f the bi brachii. J 1 of Elect h
and (d) wavelet band 6 was gre.:ater than wavelet bands 1., and 10 11. Fig 1 Electromyographic (EMG) intensity patterns for the normalized (% total intensity) allll:inll(% Iics)i ;l:gl; ?j(sl)sosnslz _rgc;zusc e actions of the biceps brachii. Journal of Electromyography
CONCLUSIONS: These findings suggested that EMG intensity composite pre-test (a, €) and post-test (b, f) maximal voluntary isometric contractions
decreased at high frequencies and increased at intermediate and low (MVICs) before and after sustained, isometric forearm flexion tasks anchored to a rating of Beck, T. W., von Tscharner, V., Housh, T. J., Cramer, J. T., Weir, J. P., Malek, M. H., & Mielke,
frequencies, respectively, following the RPEFT and TRQFT. The perceived exertion of 4 (RPEFT) and the torque (TRQFT) that corresponded to a rating of M. (2008). Time/frequency events of surface mechanomyographic signals resolved by

nonlinearly scaled wavelets. Biomedical Signal Processing and Control, 3(3), 255-266.

Conclusions

perceived exertion of 4. EMG difference (pre-test MVIC — post-test MVIC) intensity

EMG intensity decreases at higher frequencies and increases at . .
M & 1 patterns for the RPEFT (c¢) and TRQFT (g). EMG intensity spectra for the pre-test MVIC,

lower‘frequenm?s following Tboth fatiguing tasks were hkely .related post-test MVIC, and difference (pre-test MVIC — post-test MVIC) for the RPEFT (d), lj.eflflitez, B.,.K?fak, ith’ schc;,IP. I, h(/llitchinson, c.i & Btetrgstror?, H. C. (2(()124). No ;ex "
to peripheral fatigue mechanisms that affected motor unit action TRQFT (h), and the RPEFT and TRQFT combined (i) , , , , , le frenlce.s - T?e'lo' o ) A a]g neumn}“scu T p&enl@ glfﬁsl’."lise “fglf 18(‘)‘ Igg’;gmg Jo4
: : : : _ _ _ 3 These findings suggested that EMG intensity decreased at high frequencies ilateral, isometric leg extensions. European Journal of Applied Physiology, 124(10), 2993-3004.
potential conduction velocity. Furthermore, the lack of change in o Prectest MVIS, POST = post-test MVIC, DIFE = difference and increased at intermediate and low frequencies, respectively, following the
1 1 1 10111 *POST > PRE (p <0.0125 to 0.025) ’ ’ Farina, D., Merletti, R., & Enoka, R. M. (2004). The extraction of neural strategies from the
MMG IIltGI.lS.Ity fOHOVV.IIlg both fatlgulng tas.ks suggested that, under "PRE > POST (p <0.0125 to 0.025) RPEFT and TRQFT. The EMG intensity decreases at higher frequencies and surface EMG. Journal of Applied Physiology, 96(4), 1486-1495.
some conditions, the signal reflects mechanical factors rather than increases at lower frequencies following both fatiguing tasks were likely
motor unit activation strategies. PRACTICAL APPLICATIONS: related to peripheral fatigue mechanisms that affected motor unit action Madeleine, P., Bajaj, P., Sogaard, K., & Arendt-Nielsen, L. (2001). Mechanomyography and
Practitioners may use wavelet analyses to obtain information about potential conduction velocity. Furthermore, the lack of change in MMG ?ﬁﬁ;’ﬂf{fﬁ?ﬁ?ﬁrﬁﬁZﬁ%ﬁ;ﬁfgﬁgl)mf 1 és—olrgftm 1€ SECERTE CONHEons
the effects of fatigue on the time and frequency components of EMG intensity following both fatiguing tasks suggested that, under some -
and MMG signals that are not available using individual parameters conditions, the signal reflects mechanical factors rather than motor unit Malek, M. H., & Coburn, J. W. (2012). The utility of electromyography and mechanomyography
’ activation strategies. for assessing neuromuscular function: A noninvasive approach. Physical Medicine and

such as amplitude and mean power frequency. Rehabilitation Clinics, 23(1), 23-32.
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