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Can grip strength be used as a surrogate marker to monitor recovery from shoulder fatigue?
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ABSTRACT 
Muscular fatigue impacts on normal shoulder function, which is particularly pertinent to throwing athletes. This study aimed to investigate the relationship between grip strength and shoulder muscle fatigue to evaluate the role of grip strength as a surrogate measure for upper limb performance. Twenty healthy participants were recruited. EMG was recorded from 15 shoulder muscles during different fatiguing contractions: an initial baseline recording (Fat-Baseline); after a shoulder exhausting exercise regime (Fat-Exhaustion); and after a 10 minute rest period (Fat-Recovery). Grip strength was similarly measured in the same conditions. Grip strength differed significantly across the testing scenarios (p= 0.012 - <0.001). Greater fatigue was seen in anterior deltoid, middle deltoid, posterior deltoid and supraspinatus in the Fat-Exhaustion contraction as compared to the Fat-Baseline contraction (p=<0.001-0.043). Greater fatigue was seen during the Fat-Recovery contraction for the trapezius, serratus anterior and biceps brachii as compared to the Fat-Exhaustion contraction (p=0.008-0.038). Grip strength decreased following an exhausting exercise protocol but recovered to baseline following a rest period. Conversely, EMG indices of fatigue did not recover. Additional fatigue was seen reflecting a reorganisation of movement strategy. Therefore, susceptibility to injury still exists if grip strength alone is used as a barometer of upper limb performance.


1. INTRODUCTION
The shoulder, owing to its limited osseous congruity, relies heavily on coordinated muscle activity for normal function [Lugo et al., 2008]. Muscular endurance is an important component, especially during sustained tasks. Muscular fatigue, a time dependant process, occurs from the onset of a muscular contraction and is associated with external manifestations such as muscular tremor and pain. Fatigue differs from the failure point, the latter being the time at which a desired force output can no longer be maintained [De Luca, 1984].

Electromyography (EMG) is an accepted method of studying fatigue. EMG-driven indices of fatigue show a time-dependant change over the duration of muscular contraction, with a shift of the power spectrum towards lower frequencies [Dimitrova et al., 2003, Hagg, 1992, Merletti et al., 1991]. EMG has been used extensively to study shoulder muscle fatigue in both healthy subjects and patients with pathology. Weak and fatigue-susceptible muscles influence shoulder function by disrupting the normally balanced force couples [Bradley et al., 1991, Glousman, 1993, Gowan et al., 1987]. Adaptations in movement strategy occur in an attempt to maintain performance level, whilst protecting the fatigued  [Andrade et al., 2016]. However, changes in strength ratios [Andrade et al., 2016] and increases in proprioceptive errors [Weerakkody et al., 2017] that occur with fatigue can predispose to injury. This is particularly pertinent to high level overhead or throwing athletes, who can suffer with a range of shoulder injuries [Cowderoy et al., 2009, Gaber et al., 2014].

The recovery of an athlete after training induced muscle fatigue and return to play (RTP) following injury are two important current concepts. The link between increased training load, which induces muscle fatigue, and injury is well established  [Jones et al., 2017]. The identification of objective measures, which provide a reliable indication of recovery status within the training environment, would therefore be useful in allowing maximisation of training gains without disproportionately increasing the risk of injury. Objective measures are arguably more useful than subjective ones as the reliability of self-reported workload data has been questioned [Black et al., 2016]. RTP decisions following injury can also be difficult due to the possible conflict of interest between multiple stakeholders, particularly within the professional athletic population [Shrier et al., 2014]. In this scenario a surrogate measure for upper limb performance would similarly be helpful in informing RTP decisions  [Clover et al., 2010].

Grip strength is associated with health-related quality of life and is a powerful predictor of disability, morbidity and mortality [Bohannon, 2008, Sayer et al., 2006, Syddall et al., 2003]. It correlates highly with shoulder external rotation strength [Horsley et al., 2016] and it is known to activate key shoulder girdle muscles including supraspinatus and infraspinatus [Alizadehkhaiyat et al., 2011, Sporrong et al., 1995, 1996]. Indeed a sustained grip contraction induces significant fatigue in a number of shoulder girdle muscles [Hawkes et al., 2015], the inference being that kinetic chain principles require a stable shoulder prior to activation of distal muscle groups. Measuring grip strength is straightforward and produces reliable results which are easy to record [Coldham et al., 2006]. Furthermore, the equipment is both portable and affordable making its measurement convenient.

Recently there is increasing interest within elite sport rehabilitation in the use of grip strength as an objective measure of upper limb performance. However, at present, little is understood about the relationship between grip strength, shoulder muscle fatigue and subsequent recovery. This relationship must be defined if grip strength is to be considered a barometer for upper limb performance or recovery following either fatigue or injury. Therefore, the primary aim of this study was to evaluate the role of grip strength as a surrogate measure for monitoring upper limb recovery from fatigue following an exhausting exercise protocol. The hypothesis was that grip strength would correlate highly with EMG indices of fatigue: a decrease in grip strength was expected following an exhausting shoulder exercise protocol, with both grip strength and muscle fatigue then expected to recover following a rest period.

2. METHODS
2.1 Participants
Twenty healthy participants including 10 males and 10 females with no previous history of shoulder pathology and a normal clinical examination were recruited into the study. Anthropometric details for the study group were as follows: mean age was 25.5±7.5yr, mean mass 72.8±11.3kg and mean height 172.0±9.1cm. The dominant arm was tested in all cases. The study received approval from the institutional research ethics committee and informed consent was obtained from all participants.

2.2 Strength Measurements
Grip strength was measured using a Jamar dynamometer (Biometrics Ltd., UK). Subjects were tested seated on a chair with their hips and knees flexed to 90o; shoulder adducted; elbow flexed to 90o; and wrist and forearm in the neutral position. Maximal shoulder elevation strength in the scapula plane was measured using a shoulder Nottingham Mecmesin Myometer (Mecmesin Ltd., UK). Participants were tested in an upright position with feet shoulder width apart; shoulder elevated to 90o in the scapula plane (30o anterior to coronal plane); elbow extended; and forearm and wrist in neutral. Subjects were instructed to exert maximal effort over a 3s period for all strength measurements. Three trials were performed and the average taken as the maximum voluntary contraction (MVC). Verbal encouragement was provided with participants being encouraged to exceed the previous measurement [Baratta et al. 1998].

2.3 EMG Instrumentation
A Telemyo DTS system (Noraxon Inc., USA) was used for EMG signal acquisition. Analysis was performed off-line using the associated MR3 software (Noraxon Inc., USA). The activity in 15 shoulder girdle muscles was recorded. Surface electrodes were used for the anterior deltoid (AD), middle deltoid (MD), posterior deltoid (PD), upper trapezius (UT), middle trapezius (MT), lower trapezius (LT), teres major (TM), upper fibres of latissimus dorsi (ULD), lower fibres of latissimus dorsi (LLD), pectoralis major (PM), teres major (TM) and biceps brachii (BB). The surface electrodes were disposable, pre-gelled Ag/AgCl bipolar electrodes with a conducting area of 10 mm diameter and inter-electrode distance of 20mm (Noraxon Inc., USA). Electrodes were placed in accordance with accepted anatomical criteria [Cram et al., 1998, Prakash et al., 2006, Steenbrink et al., 2006]. Cross talk was limited by using appropriately sized electrodes which were positioned parallel to the muscle fibres. Fine wire electrodes were used to record the activity of the supraspinatus (SSP), infraspinatus (ISP), and subscapularis (SUBS). Bipolar disposable hook wire electrodes (SPES Medica s.r.l. Battipaglia, Italy) were inserted aseptically into the muscle bellies via a single hypodermic needle [Kadaba et al., 1992, Noraxon, 2008]. Signals were differentially amplified, digitised at a sampling rate of 3000 Hz and band-pass filtered in accordance with international guidance ([10–500]Hz for surface electrodes and [10–1500]Hz for fine wire electrodes). ECG contamination was removed using the adaptive cancellation algorithm pre-loaded within the MR3 software. Manual muscle testing was used to confirm electrode placement and the validity of the EMG signal. Those signals of poor quality, as determined by their signal to noise ratio, were excluded.

2.4 EMG Testing Protocol
Muscle fatigue was measured during a shoulder elevation isometric contraction performed in the scapula plane at 25% of the MVC. The testing position employed was the same as that used to measure shoulder elevation MVC (see section 2.2). The contraction was sustained for 60s or until failure (defined as a drop of > 5% force for > 5s). Participants were provided with real time visual feedback via a PC screen displaying the Mecmesin Emperor Lite Force and Torque Data Acquisition Software (Mecmesin Ltd., UK). The software allowed participants to view their force generation and the target level as defined by their MVC25%. It also allowed any failure of the contraction to be identified by highlighting any drop in force of > 5% from target. An isometric contraction ensured a stable motor neurone pool, which is a necessary prerequisite for a contraction when studying fatigue [Hagg, 1992, Merletti et al., 1991]. A submaximal contraction (ie MVC25%) is common to the majority of fatigue studies as it ensures comparisons between individuals are valid. In order to study the temporal change in the frequency throughout the contraction it has to be possible to maintain the contraction for a sufficient time period (ie 60 seconds). Low intensity contractions can result in variation in the motor unit pool as motor units are recruited and de-recruited throughout the contraction [Farina et al., 2006]. Conversely, high intensity contractions cannot be maintained for a sufficient period of time. A MVC25% was therefore chosen as an appropriate compromise, which has previously been accepted within the literature [Hawkes et al., 2014]. Optimal rest time has not been defined for upper limb studies of this nature. A 10 minute rest period was chosen as this has previously been evaluated in the literature [Lariviere et al., 2003, Oliveira et al., 2008].

Subjects undertook the fatigue contraction at 3 different time points. An initial recording was measured pre-exertion (Fat-Baseline). The second recording was made after subjects completed a shoulder exercise regime which was undertaken until exhaustion (Fat-Exhaustion). This exhaustion protocol involved 5 repetitions of shoulder elevation first in the sagittal plane (flexion) and then in the coronal plane (abduction) which were continuously repeated. The exercise was performed with a dumbbell in hand (the weight of which was set at 50% of shoulder elevation MVC rounded to the nearest 1kg). Failure of this exhaustion protocol was defined as the inability of subjects to complete any further cycles of shoulder elevation. All subjects continuously performed this protocol until they reached the failure point. Subjects then had a 10-minute recovery period whilst they remained seated with their arms in their laps with no activity. A final fatigue contraction was then performed post-recovery (Fat-Recovery). Grip strength measurements were performed at baseline (Grip-Baseline), immediately after the shoulder exercise protocol (Grip-Exhaustion) and following the rest period (Grip-Recovery). FIGURE 1 provides a schematic representation of the testing protocol. 


2.5 Data Management and Statistical Analysis
Fast Fourier Transformation was performed to allow analysis of the EMG signal power spectrum. The median frequency (MDF) was then calculated in 1s epochs throughout the fatiguing contraction. Theoretically the median frequency has the best immunity to noise than the mean  [Hof, 1991, Stulen et al., 1981]. The initial MDF was then normalised relative to the start value and the mean rate of change (Slope%/min), as assessed by linear regression, was used as the fatigue index [Alizadehkhaiyat et al., 2007a, Alizadehkhaiyat et al., 2007b, 2009, Hawkes et al., 2015, Merletti et al., 1991]. Results are expressed as mean ± standard deviation (SD) or as standard error of the mean (SEM) as appropriate. All the fatigue index data (Slope%/min) was analysed in SPSS (version 21). Data normality was tested using the Shapiro-Wilk test. A repeated measures ANOVA was used to identify differences in the fatigue index as dependent variable across the three testing conditions (Fat-Baseline, Fat-Exhaustion, and Fat-Recovery). Significance level was set at p<0.05.

3. RESULTS
All participants completed the testing protocol with no termination of any of the fatiguing contractions (Fat-Baseline, Fat-Exhaustion or Fat-Recovery) early due to failure.

3.1 Strength
Mean Grip-Baseline was 38.0±11.8kg, mean Grip-Exhaustion was 34.1±9.1kg and mean Grip-Recovery was 37.8±10.5kg. An ANOVA indicated significant differences between testing scenarios (F=7.851; p=0.005) with post-hoc testing indicating Grip-Exhaustion was significantly lower than Grip-Baseline (p=0.012) and Grip-Recovery (p=<0.001). FIGURE 2 illustrates the grip strength in the different testing scenarios. 

3.2 Fatigue 
TABLE 1 presents mean MDF slopes %/min; and relevant comparisons for all study participants within the different testing scenarios. Significantly greater fatigue was seen in AD, MD, PD, and SSP in the Fat-Exhaustion contraction as compared to the Fat-Baseline contraction (p=<0.001-0.043). Further significantly more fatigue was seen in the AD, MD, PD, UT, MT, LT, SA, and SSP in the Fat-Recovery contraction as compared to the Fat-Baseline contraction (p=0.001-0.043). Significantly greater fatigue was seen during the Fat-Recovery contraction for the MT, LT, SA, and BB as compared to the Fat-Exhaustion contraction (p=0.008-0.038). There were no significant differences in fatigue across the testing scenarios for TM, ULD, LLD, PM, ISP, and SUBS. FIGURE 3 and 4 demonstrate the normalised MDF slopes for selected muscles in the different testing scenarios.

4. DISCUSSION
The glenohumeral joint relies heavily on balanced muscular force generation to maintain stability owing to its limited osseous congruity  [Lugo et al., 2008]. Furthermore, optimal scapula positioning is necessary to ensure ideal muscle lengths, efficient force production and the establishment of a stable platform for arm movement  [McQuade et al., 1998, Tsai et al., 2003]. Fatigued muscles can consequently disrupt the normal glenohumeral force couples as well as the scapulohumeral rhythm, predisposing to injury. Andrade identified a change in internal-external rotation shoulder strength ratios before and after a shoulder fatigue protocol in a study of 10 elite handball players [Andrade et al., 2016]. Fatigue is also known to increase proprioceptive errors, as demonstrated in amateur cricket players, which can contribute to shoulder injuries particularly in overhead or throwing athletes [Weerakkody et al., 2017, Zanca et al., 2015]. Indeed, injuries are more common in the second half of games, thought to be due to the impact of fatigue [Fuller et al., 2016]. In throwing athletes subacromial impingement can occur, in addition to glenohumeral internal rotation deficit (GIRD) which can be associated with instability, labral lesions, internal impingement and partial articular sided rotator cuff tears [Cowderoy et al., 2009, Gaber et al., 2014].

Power grip is known to activate key shoulder girdle muscles given the inter-link between body segments as governed by kinetic chain principles  [Alizadehkhaiyat et al., 2007a, Alizadehkhaiyat et al., 2007b, 2009, Hawkes et al., 2015, Sporrong et al., 1995, 1996]. The results of this study indicate that grip strength significantly decreased following an exhausting shoulder exercise protocol. Strength then recovered to baseline following a 10 min rest period indicating that performance level was restored to the pre-exhaustion levels. However, as outlined below, examination of the EMG fatigue results indicates that this restoration of performance level does not correspond to recovery of the fatigued shoulder girdle muscles.

The AD, MD, PD, SSP showed significantly greater signs of fatigue in the Fat-Exhaustion contraction as compared to the Fat-Baseline contraction. This was expected given the exercise protocol involved cyclical shoulder elevation, which corresponded with the prime movement of these muscles. There were no differences in levels of fatigue for the UT, MT, LT, SA, BB between the Fat-Baseline and Fat-Exhaustion contractions. These results are consistent with other studies within the literature. Minning et al. studied the fatigue of the UT, LT, SA and MD, in healthy subjects, during an isometric contraction at 90o of elevation in the scapula plane at 60% MVC.  The rates of fatigue were highest in the MD as compared to the other muscles  [Minning et al., 2007]. Nieminen et al. studied the order of fatigue induced changes in the shoulder musculature in 10 healthy subjects during an isometric flexion task performed at 90o of humeral elevation.  The deltoid SSP and ISP were the first muscles to show signs of fatigue  [Nieminen et al., 1995].

There were no differences in levels of fatigue for the AD, MD, PD, SSP between the Fat-Exhaustion and the Fat-Recovery contraction. The MDF for all muscles remained highly negative, indicating substantial ongoing fatigue. This indicates that these muscles did not demonstrate any EMG signs of fatigue recovery after the prescribed rest period. Furthermore, the MT, LT, SA and BB showed significantly more fatigue in the Fat-Recovery contraction, as compared to the Fat-Exhaustion contraction. This was an unexpected finding. The initial hypothesis was that muscle fatigue would recover at least to some extent following the rest period. However, during the Fat-Recovery contraction, additional recruitment of the periscpaular muscles (MT, LT, SA) and elbow flexor (BB) was observed as indicated by their increased signs of fatigue. It is proposed that this reflects a reorganisation in upper limb movement strategy with adaptations occurring to protect fatigued muscles (i.e. glenohumeral elevators). 

Comparable adaptations have previously been reported in the literature. Qin [Qin et al., 2014] demonstrated, using a motion tracking system, that a fatigue protocol results in changes to movement patterns that aim to reduce the load on the fatigued shoulder girdle. Similar results were reported by Fuller [Fuller et al., 2008] following a repetitive reaching task. Cowley [Cowley et al., 2017] reported proximal fatigue caused a significant increase in trunk lean, reduced humeral elevation, and increased elbow flexion. The implication is that despite the recovery in performance level following rest, a fundamental alteration in movement strategy can remain. Caution is therefore needed when solely using grip strength as a surrogate for recovery following fatigue due to potential ongoing susceptibility to injury. There was no significant fatigue across the testing positions for the TM, LD-U, LD-L or PM. This was expected given the nature of the testing position and the known function of the muscles. Similar results were seen for the ISP and SUBS. The ISP showed a trend towards increased fatigue in the Fat-Exhaustion and Fat-Recovery contractions although statistical significance was not reached. 

5. CONCLUSION:
Grip strength was significantly lower following an exhausting shoulder exercise protocol, however it recovered to baseline following a rest period. Conversely, EMG indices of fatigue did not recover. Additional fatigue was seen in the periscpaular muscles and elbow flexors, which reflects a reorganisation of movement strategy with adaptations occurring to protect fatigued muscles. In conclusion, whilst performance level was restored following the rest period, it was achieved by a reorganisation of movement strategy. Susceptibility to injury therefore still exists if grip strength alone is used as a barometer for monitoring upper limb performance.
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TABLE 1. Normalised mean MDF slopes (%/min) in the difference fatiguing contractions for all study subjects with appropriate comparisons.
	
	Fat-Baseline
	
	Fat-Exhaustion
	
	Fat-Recovery
	
	Comparisons

	 
	Mean*
	SEM
	 
	Mean*
	SEM
	 
	Mean*
	SEM
	 
	F
	p value□
	Scenario
	p value∆

	AD
	-20.3
	1.7
	
	-36.5
	3.5
	
	-31.1
	2.4
	
	14.005
	<0.001
	Base vs Exh
	<0.001

	
	
	
	
	
	
	
	
	
	
	
	
	Base vs Rec
	0.002

	
	
	
	
	
	
	
	
	
	
	
	
	Exh vs Rec
	0.096

	MD
	-17.7
	1.6
	
	-28.5
	3.5
	
	-29.0
	2.9
	
	8.755
	0.003
	Base vs Exh
	0.011

	
	
	
	
	
	
	
	
	
	
	
	
	Base vs Rec
	0.002

	
	
	
	
	
	
	
	
	
	
	
	
	Exh vs Rec
	0.998

	PD
	-14.9
	2.3
	
	-24.6
	4.2
	
	-28.2
	3.3
	
	8.801
	0.001
	Base vs Exh
	0.020

	
	
	
	
	
	
	
	
	
	
	
	
	Base vs Rec
	0.001

	
	
	
	
	
	
	
	
	
	
	
	
	Exh vs Rec
	0.188

	UT
	-8.3
	2.1
	
	-16.1
	3.6
	
	-19.0
	3.0
	
	7.034
	0.008
	Base vs Exh
	0.057

	
	
	
	
	
	
	
	
	
	
	
	
	Base vs Rec
	0.001

	
	
	
	
	
	
	
	
	
	
	
	
	Exh vs Rec
	0.154

	MT
	-9.1
	2.4
	
	-8.8
	2.6
	
	-17.9
	2.8
	
	3.693
	0.036
	Base vs Exh
	0.085

	
	
	
	
	
	
	
	
	
	
	
	
	Base vs Rec
	0.043

	
	
	
	
	
	
	
	
	
	
	
	
	Exh vs Rec
	0.019

	LT
	-10.2
	2.7
	
	-8.7
	2.7
	
	-18.4
	2.1
	
	4.319
	0.022
	Base vs Exh
	0.660

	
	
	
	
	
	
	
	
	
	
	
	
	Base vs Rec
	0.021

	
	
	
	
	
	
	
	
	
	
	
	
	Exh vs Rec
	0.008

	SA
	-18.0
	2.3
	
	-22.5
	2.1
	
	-24.8
	2.9
	
	5.362
	0.010
	Base vs Exh
	0.266

	
	
	
	
	
	
	
	
	
	
	
	
	Base vs Rec
	0.003

	
	
	
	
	
	
	
	
	
	
	
	
	Exh vs Rec
	0.038

	TM
	-14.0
	4.5
	
	-12.8
	4.9
	
	-24.6
	4.4
	
	2.510
	0.104
	Base vs Exh
	N/A

	
	
	
	
	
	
	
	
	
	
	
	
	Base vs Rec
	N/A

	
	
	
	
	
	
	
	
	
	
	
	
	Exh vs Rec
	N/A

	LD-U
	-17.6
	3.2
	
	-17.5
	3.8
	
	-26.0
	2.8
	
	3.677
	0.054
	Base vs Exh
	N/A

	
	
	
	
	
	
	
	
	
	
	
	
	Base vs Rec
	N/A

	
	
	
	
	
	
	
	
	
	
	
	
	Exh vs Rec
	N/A

	LD-L
	-17.3
	5.7
	
	-16.2
	3.0
	
	-21.5
	3.4
	
	1.600
	0.221
	Base vs Exh
	N/A

	
	
	
	
	
	
	
	
	
	
	
	
	Base vs Rec
	N/A

	
	
	
	
	
	
	
	
	
	
	
	
	Exh vs Rec
	N/A

	PM
	-8.4
	5.4
	
	-18.1
	6.4
	
	-21.3
	3.7
	
	1.840
	0.175
	Base vs Exh
	N/A

	
	
	
	
	
	
	
	
	
	
	
	
	Base vs Rec
	N/A

	
	
	
	
	
	
	
	
	
	
	
	
	Exh vs Rec
	N/A

	BB
	-8.6
	4.9
	
	-12.2
	2.5
	
	-18.2
	2.5
	
	4.327
	0.021
	Base vs Exh
	0.405

	
	
	
	
	
	
	
	
	
	
	
	
	Base vs Rec
	0.021

	
	
	
	
	
	
	
	
	
	
	
	
	Exh vs Rec
	0.020

	SSP
	-18.8
	1.3
	
	-40.8
	9.7
	
	-34.8
	4.1
	
	5.321
	0.032
	Base vs Exh
	0.043

	
	
	
	
	
	
	
	
	
	
	
	
	Base vs Rec
	0.007

	
	
	
	
	
	
	
	
	
	
	
	
	Exh vs Rec
	0.504

	ISP
	-16.1
	2.7
	
	-25.6
	5.0
	
	-24.2
	2.9
	
	3.962
	0.054
	Base vs Exh
	N/A

	
	
	
	
	
	
	
	
	
	
	
	
	Base vs Rec
	N/A

	
	
	
	
	
	
	
	
	
	
	
	
	Exh vs Rec
	N/A

	SUBS
	-10.9
	4.6
	
	-22.9
	10.7
	
	-23.2
	8.4
	
	1.068
	0.484
	Base vs Exh
	N/A

	
	
	
	
	
	
	
	
	
	
	
	
	Base vs Rec
	N/A

	
	
	
	 
	
	
	 
	
	
	 
	
	
	Exh vs Rec
	N/A


[bookmark: _GoBack]* Values are mean MDF slope (%/min); □ repeated measures ANOVA comparing testing scenarios with relevant ∆ post-hoc testing as appropriate. Bold values indicate significant differences; Exh: Exhaustion; Rec: Recovery; AD: Anterior Deltoid; MD: Middle Deltoid; PD: Posterior Deltoid; UT: Upper Trapezius; MT: Middle Trapezius; LT: Lower Trapezius: SA: Serratus Anterior; LD-U: Latissimus Doris (Upper Fibres); LD-L: Latissimus Doris (Lower Fibres); TM: Teres Major; PM: Pectoralis Major; BB: Biceps Brachii; SSP: Supraspinatus; ISP: Infraspinatus; SUBS: Subscapularis. 
Captions to Figures
FIGURE 1. Schematic representation of testing protocol
FIGURE 2. Box and whiskers plots comparing grip strength in the different testing scenarios. Grey box represents interquartile range; black line mean; error bars minimum and maximum values; * indicated significant differences
FIGURE 3. Normalsed MDF for selected muscles during the different fatigue contractions
FIGURE 4. Normalsed MDF for selected muscles during the different fatigue contractions


Figures
Baseline fatigue contraction (Fat-Baseline)
Baseline grip strength (Grip-Baseline)

Shoulder exercise protocol performed until exhaustion
Cyclical shoulder elevation with dumbbell in hand weight of which approximated 50% MVC to the nearest 1kg. Failure point defined as the inability of subjects to complete any further cycles.






Exhaustion fatigue contraction (Fat-Exhaustion)
Exhaustion grip strength (Grip-Exhaustion)




10 min rest period
Subjects seated with arms in lap and no activity




Recovery fatigue contraction (Fat-Recovery)
Recovery grip strength (Grip-Recovery)




FIGURE 1.
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FIGURE 2. 





Fat-Baseline		Fat-Exhaustion		Fat-Recovery


FIGURE 3.



Fat-Baseline		Fat-Exhaustion		Fat-Recovery


FIGURE 4.


MD
Baseline	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	77.516666666666666	76.394444444444446	77.449999999999989	76.833333333333329	76.888888888888886	74.722222222222229	77.072222222222209	75.48888888888888	75.177777777777777	74.749999999999986	75.077777777777783	73.40000000000002	74.666666666666657	74.749999999999986	73.333333333333329	70.861111111111114	73.088888888888903	73.12777777777778	72.533333333333346	72.233333333333348	73.183333333333337	73.449999999999989	71.122222222222248	71.133333333333326	70.111111111111114	72.411111111111126	72.666666666666657	69.899999999999991	70.422222222222217	69.699999999999989	70.183333333333337	70.294444444444451	71.833333333333343	69.75555555555556	68.7	68.99444444444444	66.961111111111109	68.283333333333346	68.872222222222206	67.75	68.466666666666683	69.23888888888888	68.050000000000011	67.650000000000006	67.227777777777774	Exhaustion	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	72.231578947368419	73.457894736842093	72.068421052631592	72.084210526315786	71.663157894736841	70.673684210526318	70.894736842105274	69.178947368421049	70.931578947368422	69.442105263157899	67.868421052631589	68.457894736842121	66.168421052631572	67.505263157894731	64.942105263157899	64.805263157894728	65.373684210526307	66.315789473684205	65.015789473684194	64.521052631578954	63.084210526315786	64.494736842105269	65.178947368421049	64.836842105263145	62.778947368421051	62.378947368421045	60.094736842105263	62.463157894736852	62.278947368421051	61.29999999999999	60.26842105263156	61.857894736842113	61.389473684210529	60.605263157894726	59.889473684210522	60.289473684210527	59.126315789473686	59.421052631578945	60.863157894736844	59.531578947368416	57.889473684210522	56.826315789473689	57.31578947368422	57.910526315789468	57.268421052631588	Recovery	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	74.99444444444444	76.877777777777794	74.227777777777789	73.900000000000006	73.87222222222222	73.672222222222231	73.061111111111103	72.022222222222211	72.227777777777789	70.977777777777789	70.51111111111112	69.877777777777794	68.05	69.727777777777774	70.322222222222237	70.361111111111114	67.205555555555549	67.083333333333343	67.522222222222226	66.377777777777766	66.122222222222206	65.772222222222211	65.838888888888889	64.51111111111112	63.68333333333333	64.7	65.444444444444429	64.422222222222231	63.88333333333334	62.100000000000023	63.922222222222217	61.438888888888883	64.350000000000009	62.461111111111123	63.161111111111104	61.75	62.100000000000009	61.45000000000001	61.755555555555553	61.694444444444443	62.361111111111121	60.6111111111111	60.477777777777774	60.63333333333334	58.827777777777783	Time (s)

MDF (Hz)

PD
Baseline	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	68.377777777777794	67.216666666666669	66.316666666666663	67.555555555555557	67.85555555555554	65.544444444444437	68.027777777777786	66.433333333333337	68.144444444444446	65.95	67.038888888888891	66.483333333333334	66.588888888888889	65.655555555555551	65.25	62.644444444444439	64.050000000000011	62.827777777777783	65.033333333333331	64.105555555555554	66.305555555555543	65.23888888888888	63.666666666666664	64.555555555555557	62.494444444444447	63.166666666666657	65.355555555555554	63.094444444444449	62.033333333333331	62.688888888888883	60.916666666666679	62.466666666666661	61.93333333333333	62.399999999999991	63.522222222222211	60.93333333333333	61.150000000000006	62.188888888888883	61.827777777777769	59.750000000000014	61.822222222222223	61.961111111111109	60.705555555555556	61.594444444444463	58.361111111111114	Exhaustion	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	68.5842105263158	66.994736842105254	65.7	65.705263157894734	66.18421052631578	64.026315789473685	64.689473684210526	64.36315789473683	64.794736842105252	60.563157894736847	61.773684210526319	60.631578947368418	61.61578947368421	60.547368421052639	60.578947368421055	59.263157894736857	60.663157894736848	60.547368421052624	61.821052631578944	60.515789473684208	60.268421052631588	59.357894736842105	59.88421052631579	58.210526315789473	58.421052631578959	58.152631578947386	58.242105263157903	56.736842105263143	56.115789473684202	55.400000000000006	56.731578947368412	57.342105263157897	57.215789473684204	56.915789473684214	55.9	54.794736842105273	55.668421052631579	54.926315789473676	55.39473684210526	54.257894736842097	53.584210526315793	54.510526315789477	54.010526315789463	55.715789473684204	53.973684210526315	Recovery	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	70.415789473684228	72.405263157894737	69.736842105263165	69.826315789473696	70.000000000000014	69.568421052631578	66.71052631578948	67.384210526315798	66.747368421052627	64.463157894736838	64.747368421052627	66.152631578947364	65.326315789473696	63.03157894736843	65.694736842105257	65.768421052631595	64.321052631578951	63.005263157894717	61.973684210526329	61.368421052631582	61.18421052631578	62.563157894736847	61.047368421052639	60.726315789473681	59.310526315789453	61.089473684210532	59.878947368421045	59.305263157894736	59.005263157894731	59.042105263157893	58.157894736842117	57.757894736842111	59.489473684210537	58.073684210526324	58.347368421052636	59.10526315789474	57.721052631578935	57.510526315789491	58.536842105263162	56.24736842105262	57.184210526315788	55.821052631578944	56.068421052631585	57.094736842105263	55.60526315789474	Time (s)

MDF (Hz)

UT
Baseline	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	69.972222222222229	70.633333333333354	71.533333333333346	69.916666666666671	71.283333333333346	69.916666666666671	70.411111111111097	68.772222222222211	68.827777777777769	68.783333333333346	69.5	69.661111111111097	69.716666666666654	69.433333333333337	68.172222222222217	69.855555555555554	68.294444444444437	69.394444444444446	68.677777777777777	67.655555555555566	69.449999999999989	69.427777777777777	69.072222222222223	68.744444444444454	68.522222222222211	67.138888888888886	67.911111111111097	66.888888888888872	66.63333333333334	68.066666666666663	66.24444444444444	68.494444444444454	66.483333333333334	66.788888888888891	68.388888888888872	66.188888888888897	67.183333333333337	67.63333333333334	67.427777777777763	65.349999999999994	66.538888888888891	67.966666666666683	66.11666666666666	65.699999999999989	65.61666666666666	Exhaustion	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	68.926315789473676	67.663157894736855	67.0842105263158	67.673684210526318	68.436842105263153	66.989473684210523	67.899999999999991	67.689473684210526	67.163157894736841	68.605263157894726	67.831578947368413	66.273684210526312	66.031578947368416	67.942105263157885	65.742105263157896	65.026315789473685	65.3	64.263157894736835	66.026315789473685	65.615789473684217	65.368421052631575	62.60526315789474	64.415789473684185	63.915789473684214	64.989473684210523	63.863157894736844	62.405263157894737	63.994736842105254	64.557894736842115	65.342105263157876	63.931578947368422	62.90526315789473	61.752631578947366	62.378947368421052	62.215789473684204	63.531578947368416	62.005263157894731	62.452631578947361	61.25263157894738	60.952631578947376	60.852631578947374	61.157894736842117	60.610526315789478	60.584210526315772	60.673684210526325	Recovery	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	73.036842105263176	73.184210526315795	72.600000000000009	72.436842105263153	71.294736842105266	71.484210526315806	70.142105263157887	69.989473684210523	68.126315789473693	69.89473684210526	70.18421052631578	68.563157894736847	69.405263157894723	68.763157894736835	68.826315789473696	66.594736842105263	68.226315789473674	68.668421052631587	67.205263157894748	68.5842105263158	66.731578947368433	65.573684210526309	66.505263157894746	66.568421052631564	66.021052631578925	66.405263157894737	66.694736842105272	65.526315789473685	64.905263157894737	63.157894736842103	64.610526315789485	64.447368421052644	64.568421052631578	63.942105263157899	64.605263157894754	64.305263157894728	63.636842105263142	64.047368421052639	61.368421052631582	63.284210526315796	63.626315789473679	63.068421052631578	61.842105263157883	62.626315789473686	61.205263157894727	Time (s)

MDF (Hz)

MT
Baseline	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	61.366666666666674	60.155555555555566	60.772222222222226	60.355555555555561	60.338888888888881	60.38333333333334	59.727777777777774	58.427777777777791	59.977777777777774	58.733333333333348	58.938888888888897	60.23333333333332	58.333333333333336	58.650000000000006	60.827777777777783	59.238888888888887	56.405555555555559	58.70555555555557	56.977777777777789	57.966666666666661	59.488888888888887	58.522222222222226	57.944444444444443	58.155555555555566	57.855555555555561	57.455555555555556	57.622222222222227	58.38333333333334	57.138888888888886	55.638888888888886	57.705555555555556	56.133333333333326	56.116666666666667	57.800000000000004	58.150000000000013	56.716666666666676	57.20000000000001	57.711111111111123	56.85	56.483333333333341	56.411111111111119	56.888888888888886	57.572222222222223	56.650000000000006	56.45	Exhaustion	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	64.921052631578945	63.526315789473699	63.342105263157897	63.236842105263143	64.036842105263162	63.268421052631574	62.231578947368405	63.373684210526314	62.478947368421046	62.484210526315792	61.178947368421042	63.489473684210523	63.615789473684202	60.4	60	59.089473684210532	61.684210526315788	61.736842105263158	61.621052631578948	59.642105263157895	59.673684210526304	61.778947368421051	61.121052631578934	60.378947368421052	60.015789473684208	60.984210526315792	61.231578947368412	58.984210526315792	58.589473684210532	58.110526315789471	61.184210526315802	61.463157894736852	60.289473684210527	59.668421052631579	60.494736842105269	58.857894736842113	57.136842105263156	59.499999999999986	61.5	60.215789473684204	59.573684210526324	60.657894736842096	60.557894736842101	60.699999999999996	59.005263157894717	Recovery	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	68.48888888888888	68.37222222222222	67.88333333333334	66.199999999999989	69.316666666666663	67.694444444444443	64.966666666666654	65.066666666666663	67.461111111111123	66.227777777777774	67.827777777777797	65.083333333333314	65.099999999999994	64.3	62.605555555555547	63.794444444444451	64.794444444444423	65.755555555555546	63.538888888888891	62.105555555555547	63.144444444444439	62.6388888888889	64.361111111111114	63.327777777777769	64.62222222222222	62.188888888888897	61.938888888888897	63.688888888888883	60.994444444444447	62.738888888888887	61.00555555555556	59.76666666666668	60.29999999999999	61.477777777777789	61.722222222222207	60.466666666666669	60.116666666666674	60.555555555555571	59.761111111111099	59.149999999999991	58.76666666666668	58.022222222222226	60.544444444444444	59.761111111111099	59.177777777777777	Time (s)

MDF (Hz)

LT
Baseline	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	47.694444444444443	48.45	48.388888888888886	49.416666666666664	49.016666666666673	48.494444444444447	49.63333333333334	47.822222222222223	48.272222222222219	48.75555555555556	50.29999999999999	48.116666666666674	47.99444444444444	47.433333333333337	47.544444444444451	46.972222222222221	47.288888888888884	47.449999999999996	46.444444444444443	46.416666666666664	46.550000000000011	46.544444444444437	46.711111111111109	47.12222222222222	46.777777777777786	45.527777777777779	45.055555555555564	46.011111111111113	46.072222222222223	44.833333333333336	46.961111111111116	46.438888888888897	45.611111111111107	45.93888888888889	46.900000000000006	45.461111111111101	44.55	45.883333333333333	46.044444444444451	46.18333333333333	44.844444444444449	46.727777777777781	46.43888888888889	46.072222222222223	46.199999999999996	Exhaustion	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	49.757894736842104	48.705263157894734	47.343894736842103	49.694736842105272	48.000000000000007	47.505263157894746	47.5421052631579	47.773684210526312	47.652631578947364	47.994736842105254	46.768421052631574	45.926315789473684	45.978947368421046	46.831578947368421	46.231578947368412	46.494736842105269	46.821052631578944	46.557894736842108	47.205263157894727	45.594736842105263	44.689473684210533	46.242105263157889	45.84210526315789	47.415789473684207	45.642105263157895	45.55263157894737	46.573684210526316	43.973684210526322	45.236842105263165	45.978947368421061	46.321052631578951	46.847368421052643	45.168421052631572	46.10526315789474	44.34210526315789	44.831578947368428	44.573684210526309	45.347368421052622	43.800000000000004	44.563157894736847	46.178947368421049	44.947368421052637	45.178947368421042	44.457894736842107	44.547368421052632	Recovery	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	50.083333333333321	52.077777777777769	52.544444444444451	51.49444444444444	50.616666666666667	49.177777777777777	48.37777777777778	50.283333333333331	49.383333333333333	51.044444444444451	50.066666666666663	48.483333333333327	49.533333333333331	48.388888888888886	48.655555555555544	47.155555555555551	48.722222222222229	49.011111111111113	48.033333333333339	47.944444444444436	48.361111111111114	47.183333333333337	48.155555555555559	46.266666666666652	47.466666666666669	47.000000000000007	46.961111111111101	48.644444444444446	46.822222222222223	45.861111111111107	45.277777777777786	45.544444444444444	44.216666666666669	46.733333333333334	46.888888888888886	45.533333333333331	44.900000000000006	44.88333333333334	44.077777777777776	45.827777777777776	45.122222222222213	46.083333333333336	46.216666666666661	45.211111111111123	44.81666666666667	Time (s)

MDF (Hz)

SA
Baseline	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	45.944444444444443	45.422222222222224	44.95000000000001	45.79999999999999	46.255555555555546	44.388888888888886	43.266666666666673	44.355555555555554	43.783333333333331	45.194444444444443	43.344444444444441	44.594444444444449	44.466666666666669	43.677777777777777	42.911111111111104	44.227777777777789	42.216666666666669	42.816666666666663	43.35	45.18888888888889	42.911111111111119	42.833333333333329	42.927777777777777	41.594444444444441	43.300000000000004	42.972222222222221	41.911111111111111	41.838888888888881	42.516666666666673	40.349999999999994	40.711111111111109	41.12222222222222	41.655555555555551	42.138888888888893	39.788888888888884	40.383333333333333	40.038888888888884	40.544444444444444	41.05	39.672222222222231	38.733333333333334	40.188888888888897	38.505555555555553	39.37777777777778	39.877777777777773	Exhaustion	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46.627777777777773	44.666666666666671	42.844444444444441	44.527777777777779	43.511111111111106	43.438888888888883	43.138888888888886	42.883333333333347	43.488888888888887	41.427777777777777	41.900000000000006	42.111111111111114	43.577777777777783	41.605555555555547	40.550000000000004	40.477777777777781	40.783333333333339	40.427777777777777	40.405555555555559	39.927777777777777	40.338888888888889	41.455555555555563	41.800000000000004	39.222222222222229	39.444444444444443	39.077777777777783	39.411111111111111	39.511111111111113	39.022222222222226	39.13333333333334	38.533333333333331	39.361111111111114	39.388888888888886	38.094444444444441	37.172222222222224	39.033333333333331	36.772222222222226	36.861111111111114	38.083333333333336	38.69444444444445	37.805555555555557	37.633333333333333	36.772222222222211	38.788888888888884	35.555555555555564	Recovery	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	49.321052631578951	48.668421052631572	46.484210526315785	46.289473684210527	47.463157894736845	46.768421052631574	47.363157894736837	46.305263157894728	44.742105263157896	43.59473684210527	45.668421052631572	44.536842105263162	44.478947368421053	42.174368421052634	45.994736842105269	43.336842105263159	43.584210526315786	44.126315789473686	43.273684210526312	42.668421052631572	42.442105263157899	42.863157894736844	41.278947368421044	42.11578947368421	40.589473684210525	41.678947368421049	41.836842105263152	42.500000000000014	41.252631578947366	40.452631578947368	40.784210526315789	40.142105263157895	41.157894736842103	39.242105263157889	40.0842105263158	40.515789473684201	40.326315789473675	40.068421052631578	38.426315789473684	38.405263157894737	40.326315789473689	38.642105263157895	38.584210526315793	39.536842105263162	38.047368421052639	Time (s)

MDF (Hz)

BB
Baseline	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	57.077777777777783	54.622222222222227	56.216666666666669	55.611111111111114	54.944444444444436	54.32222222222223	54.972222222222221	56.861111111111107	55.594444444444449	55.644444444444446	53.43888888888889	54.172222222222224	54.633333333333333	53.622222222222227	53.866666666666674	54.31666666666667	54.666666666666664	54.594444444444449	53.105555555555547	52.733333333333327	54.272222222222219	53.999999999999993	53.811111111111103	54.105555555555554	53.838888888888889	52.56666666666667	53.716666666666661	53.361111111111114	54.438888888888897	51.872222222222213	53.927777777777777	53.37222222222222	51.777777777777779	50.833333333333336	52.427777777777777	52.722222222222214	53.805555555555557	54.088888888888896	51.561111111111117	50.611111111111114	51.672222222222217	51.277777777777786	53.2	52.644444444444446	51.922222222222224	Exhaustion	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	56.099999999999994	55.831578947368428	53.189473684210533	53.468421052631584	52.60526315789474	54.763157894736857	53.378947368421038	54.752631578947366	55.563157894736833	52.900000000000006	53.389473684210522	54.231578947368412	54.026315789473685	54.178947368421056	52.273684210526319	52.93684210526316	54.647368421052626	51.94736842105263	50.28947368421052	52.736842105263158	52.46842105263157	52.431578947368422	51.952631578947354	53.168421052631587	53.373684210526307	52.484210526315799	51.163157894736834	52.336842105263166	53.452631578947376	51.431578947368422	51.826315789473689	50.747368421052634	51.847368421052636	52.268421052631581	52.68421052631578	49.836842105263166	50.189473684210526	50.278947368421058	50.800000000000011	49.810526315789474	50.910526315789475	49.563157894736847	50.699999999999996	47.805263157894728	48.978947368421046	Recovery	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	57.878947368421045	57.252631578947366	56.631578947368418	57.631578947368432	57.652631578947371	57.368421052631582	55.073684210526324	56.20000000000001	56.826315789473689	56.089473684210532	52.810526315789474	56.278947368421065	55.731578947368426	55	53.536842105263169	54.405263157894751	56.231578947368412	53.705263157894727	53.852631578947367	53.247368421052634	50.11578947368421	53.178947368421056	53.805263157894736	51.768421052631581	51.831578947368421	51.94736842105263	52.484210526315792	51.826315789473682	52.468421052631577	51.752631578947373	51.989473684210523	51.878947368421052	51.199999999999996	50.863157894736844	50.936842105263153	52.18421052631578	51.115789473684217	52.505263157894731	50.868421052631582	51.331578947368421	50.71052631578948	51.442105263157892	50.131578947368418	50.015789473684208	50.273684210526312	Time (s)

MDF (Hz)

SSP
Baseline	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	197.00714285714284	197.57142857142858	194.92857142857142	190.98571428571429	193	192.07142857142858	192.35	186.1142857142857	184.07857142857142	163.70000000000002	180.44285714285712	187.28571428571428	186.49285714285716	173.07857142857142	182.79285714285714	181.31428571428572	175.96428571428572	175.67857142857142	170.76428571428571	170.94285714285712	168.6142857142857	173.47857142857143	175.37857142857143	174.07142857142858	177.69285714285712	173.67142857142858	172.31428571428572	171.89285714285714	172.3857142857143	170.54285714285717	175.35714285714286	170.26428571428571	167.71428571428572	173.4	167.77857142857141	160.80714285714288	166.33571428571426	170.97142857142856	170.15714285714284	169.39285714285714	169.08571428571426	170.47857142857143	160.41428571428574	163.77142857142857	166.49285714285716	Exhaustion	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	168.47333333333336	174.72	171.31333333333333	166.69333333333333	165.26000000000002	170.24666666666664	169.21333333333331	163.59333333333333	154.52000000000001	154.6	154.22666666666666	138.61333333333332	152.83333333333334	149.43333333333334	132.65333333333331	151.17999999999998	150.05333333333334	142.32666666666668	142.53333333333333	140.58666666666667	140.55333333333334	145.34666666666666	141.47999999999999	146.26000000000002	136.4	143.12	142.29333333333335	136.90666666666667	128.63333333333333	123.18	130.44	126.92	124.58	125.22666666666667	121.79933333333334	123.37333333333335	113.17333333333333	104.54	120.94000000000001	119.38666666666667	112.64666666666666	113.91333333333336	114.78666666666666	111.18666666666667	114.61333333333333	Recovery	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	194.78235294117647	189.70000000000002	181.73529411764707	193.07647058823531	193.76470588235293	186.84705882352941	189.74117647058824	186.91764705882352	183.25294117647059	184.16470588235296	184.75294117647059	173.22352941176473	172.09411764705882	177.22352941176473	179.68823529411765	176.64705882352942	176.9470588235294	182.21176470588236	162.34705882352941	169.61764705882354	173.95294117647057	160.48823529411766	158.88705882352943	172.45294117647057	169.52352941176471	172.92941176470589	163.92941176470586	168.57647058823531	162.39411764705881	166.0529411764706	162.69999999999999	124.88235294117646	168.62352941176471	162.14117647058825	150.61764705882354	152.31764705882352	150.3235294117647	154.86470588235292	149.44117647058823	143.02529411764706	148.10588235294119	147.08235294117648	150.57058823529411	134.02941176470588	144.24117647058824	Time (s)

MDF (Hz)

Q1	1	7.4350000000000023	5.9525000000000006	6.6524999999999963	Grip-Baseline	Grip-Exhaustion	Grip-Recovery†	28.335000000000001	27.922499999999999	30.252499999999998	Mean-Q1	Grip-Baseline	Grip-Exhaustion	Grip-Recovery†	9.6714999999999876	6.1379999999999981	7.5215000000000103	Mean	Grip-Baseline	Grip-Exhaustion	Grip-Recovery†	0.5	0.5	0.5	(Q3-Q1)-(Mean-Q1)	10.405000000000001	13.314999999999998	13.945	1	Grip-Baseline	Grip-Exhaustion	Grip-Recovery†	9.7585000000000122	4.8545000000000016	7.8809999999999931	
Grip Strength (kg)

AD
Baseline	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	75.53333333333336	74.916666666666671	74.24444444444444	75.088888888888874	73.911111111111097	73.422222222222217	73.438888888888897	72.916666666666671	72.461111111111109	73.066666666666663	72.305555555555557	71.099999999999994	71.616666666666674	71.849999999999994	70.84999999999998	70.23888888888888	73.1111111111111	70.255555555555546	71.05	69.283333333333331	70.833333333333343	68.6388888888889	71.300000000000011	69.261111111111106	68.26111111111112	69.288888888888891	69.85555555555554	67.061111111111103	68.044444444444423	65.73333333333332	65.522222222222211	66.677777777777777	67.477777777777774	66.12777777777778	65.183333333333337	65.138888888888886	65.561111111111103	65.333333333333314	64.088888888888874	63.861111111111114	63.949999999999996	66.988888888888894	65.894444444444446	65.766666666666666	63.983333333333334	Exhaustion	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	70.163157894736855	69.68947368421054	68.642105263157873	68.39473684210526	67.505263157894746	67.463157894736838	66.194736842105272	67.973684210526329	66.126315789473665	65.53157894736843	64.178947368421049	67.168421052631587	64.452631578947376	65.073684210526324	63.699999999999996	63.742105263157889	63.089473684210532	62.910526315789483	60.410526315789497	61.663157894736834	61.778947368421051	60.726315789473695	62.705263157894741	61.757894736842097	59.463157894736852	59.363157894736858	59.768421052631574	57.784210526315796	58.594736842105263	57.857894736842105	57.568421052631564	57.021052631578939	56.726315789473695	57.363157894736844	55.005263157894731	53.484210526315792	54.568421052631585	53.847368421052636	54.478947368421046	54.473684210526329	52.331578947368428	53.294736842105259	52.084210526315793	53.489473684210523	51.110526315789478	Recovery	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	76.161111111111126	74.12222222222222	74.727777777777789	72.699999999999989	69.711111111111109	70.76111111111112	71.311111111111089	70.227777777777789	70.24444444444444	67.755555555555546	68.23333333333332	67.316666666666663	66.838888888888889	68.3	66.633333333333326	66.027777777777771	66.838888888888889	65.977777777777789	64.672222222222231	65.222222222222229	62.966666666666683	64.022222222222211	62.583333333333343	62.111111111111114	62.605555555555561	61.966666666666669	62.488888888888873	61.550000000000004	60.233333333333334	61.155555555555566	60.5	60.88333333333334	59.95555555555557	58.961111111111123	60.944444444444443	59.994444444444447	57.827777777777783	57.777777777777779	57.400000000000006	59.099999999999994	58.922222222222217	58.427777777777777	58.427777777777777	57.283333333333339	54.655555555555551	Time (s)

MDF (Hz)

