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Introduction 

 

Isokinetic testing has been increasingly used to assess muscle performances in patients suffering from 

chronic pain [7,11,13,14].  Surface electromyography (EMG) is a common scientific tool allowing an 

objective assessment of muscular fatigability [1,3,15,17,18,26].  Impaired maximal isometric and 

isokinetic muscle performances have been reported in several studies dealing with fibromyalgia and 

chronic low back pain patients (FM and CLBP patients) [7,10,11,13,20].  The respective influence of 

physiological, psychological and deconditioning factors still remains controversial [16].  EMG pattern 

activity during isokinetic efforts appears little documented [12,24].  According to Robertson et al., 

isokinetic torque values appeared correlated to the agonist muscle activation.  Tesch et al. [24] 

described an increase of vastus lateralis (VL) and rectus femoris (RF) integrated EMG activity during 

an endurance knee extension test performed in concentric mode at 180°/s.  EMG has been 

extensively used to explore muscle function in patients with chronic pain.  Nevertheless, to our 

knowledge, no study has yet compared FM and CLBP patients with regard to muscle performances 

and EMG patterns.   
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Hence the aims of this study were as follows: 

 

(1) evaluate the isokinetic concentric strength and fatigue of knee flexors and extensors in sedentary 

healthy women and in women suffering from fibromyalgia or CLBP, 

(2) measure in these populations the EMG activity patterns during the isokinetic strength and fatigue 

assessments. 

 

Material and methods 

 

Populations 

 

All subjects received a complete explanation of the investigation purposes and gave their consent.  

This study was approved by the Ethical Committee of the University of Liege Medical Center. 

 

 Control group 

 

The control subjects were fifteen women (45 ± 10 years old, 66 ± 11 kg) without joint or muscle injury.  

They performed on average 0.7 hour of recreational sport activities per week. 

 

 FM patients Group 

 

Ten women (50 ± 5 years old, 71 ± 11 kg) meeting American College of Rheumatology Criteria for FM 

syndrome were included.  The duration of symptoms ranged from 1 to 6 years and 3 patients were in 

paid jobs.  The mean time spent in physical activities only reached 0.5 hour per week on average. 
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 Chronic low back pain patients group 

 

Ten women (45 ± 10 years old, 66 ± 6 kg) suffering from chronic low back pain (without pain irradiation 

in the leg or diffuse pain history) participated in this study.  The symptom duration ranged from 1 to 5 

years.  Only 4 patients were in paid jobs and the mean time spent in physical activities was on 

average 0.6 hour per week. 

 

Methods 

 

After a warming-up consisting in 5 minutes of unload stationary cycling at 50 rotations per minute 

(rpm) followed by static stretching of quadriceps and hamstrings, subjects performed a concentric 

isokinetic test on their dominant leg by means of a Cybex Norm dynamometer (Henley Healthcare, 

Sugerland, Texas, USA).  The range of motion during testing consisted in 100 degrees of flexion from 

the full active (0°) extension.  Each subject was seated with the trunk and the dominant leg fixed.  The 

dynamometer axis of rotation was aligned with the knee center of rotation (in 90° flexed position). 

 

Submaximal efforts of knee flexors and extensors (at 120°/s angular velocity) was allowed in order to 

familiarize with the isokinetic exercises.  Three preliminary submaximal repetitions preceded each test 

speed. 

 

The testing protocol started with the strength assessment by means of 3 maximal repetitions at 60°/s 

and 5 maximal repetitions at 180°/s.  The analysis was based on peak torques (PT in N.m) and 

bodyweight normalized peak-torques (NPT in N.m/kg).  Thereafter, subjects performed the fatigue 

assessment consisting in 30 maximal-intensity knee flexion and extension at the angular velocity of 

180°/s.  Fatigue was expressed by the cumulative work (CW in J) and the bodyweight normalized 

cumulative work (NCW in J/kg) determined by summing up the work developed by both muscle 

groups. 
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EMG activity was recorded from the vastus medialis (VM), rectus femoris (RF), internal hamstring (IH) 

and external hamstring (EH).  The ground reference electrode was secured over the tibia.  Prior to 

electrode placement, the skin was rigorously cleaned with alcohol wipes.  In order to locate electrodes 

(silver / silver chloride surface) accurately, we identified muscle areas thanks to a maximal voluntary 

isometric effort from the seated (VM and RF) and prone (IH and EH) positions.   The distance between 

the centers of the recording electrodes was 20 mm.  EMG data and torque were sampled at 1000 Hz 

and recorded using a Noraxon Myosystem Software.  All EMG signals were rectified and smoothed 

(RMS 50).  The average root mean square (RMS) was used as a measure of muscular activity.  

Agonist and antagonist EMG activities (e.g. flexor muscles recruitment respectively during flexion and 

extension) were expressed in absolute (µV) and peak torque (PT) normalized values (µV/N.m). 

 

Immediately after the isokinetic assessment, participants completed a 10 cm visual analogue scale 

(VAS) for pain intensity estimate: the distance was scored from 0 to 10 arbitrary units (a.u.), 0 a.u. 

corresponding to the absence of pain and 10 a.u. to the maximum pain.   

 

 Data analysis 

 

An analysis of variance (ANOVA) was used for each variable in order to examine the difference 

between the 3 populations.  Student’s  paired t-test allowed to compare results recorded at both 

speeds.  An ANOVA test was used to examine fatigue effects on agonist and antagonist EMG 

activities of each muscle group throughout the thirty repetitions.   

 

Results 

 

Isokinetic strength and fatigue 

 

The PT, NPT, CW and NCW parameters were significantly lower in FM patients comparatively to the 

control group but also to the patients suffering from chronic low back pain.  Impairment affected more 

knee flexors than knee extensors (Table I). 
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By contrast, the isokinetic muscle profile did not differ significantly between the control group and the 

low back pain patients  

 

 EMG pattern during isokinetic strength assessment 

 

The agonist electrical activity (expressed in absolute and normalized values) of VM, RF, IH and EH 

was recorded during the isokinetic strength assessment at 60°/s and 180°/s angular velocities.  No 

significant difference was observed between the control group and both groups of chronic pain 

patients (Table II).  

 

We determined a specific EMG pattern for knee extensors and flexors, based on EMG activities 

recorded respectively from VM and RF and from IH and EH.  The agonist recruitment of both muscle 

groups was significantly influenced by velocity in the control group in contrast to the chronic pain 

populations (Table III). 

 

The normalized EMG activity Ext/Fl ratio calculated in the 3 groups of subjects appeared significantly 

lower at low velocity (60°/s) than at high velocity (180°/s). 

 

 EMG pattern during isokinetic fatigue assessment 

 

We determined the agonist and the antagonist EMG activities of VM, RF, IH and EH during the 

isokinetic fatigue assessment.  Four sequences consisting in 3 consecutive flexion-extension 

movements were compared: 1st to 3rd repetitions, 9th to 11th repetitions, 18th to 20th repetitions and 28th 

to 30th repetitions. 

 

Whatever the sequence, the agonist and antagonist EMG activities did not significantly differ between 

the three populations.  By contrast with the steady agonist EMG activity of the knee flexors (IH and 

EH), we observed a moderate agonist EMG activity increase of VM and RM in the control group and in 

the chronic pain patients (Figures 1 and 2).  The antagonist EMG activities increase at the end of the 
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fatigue assessment reached + 2 % to + 29 % depending on the muscle and the population studied (no 

significant difference). 

 

The curve profiles of agonist (Figures 1 and 2) and antagonist (Figures 3 and 4) EMG activities were 

similar in control group and chronic pain patients. 

 

Discussion 

 

In this study, we compared muscle performances and EMG patterns in a control group and in two 

groups suffering from chronic pain: fibromyalgia and chronic low back pain patients.  Variables 

reflecting isokinetic strength and muscle fatigue resistance were significantly lower in the FM group 

compared to the control group and the CLBP patients.   

 

The FM patients muscular performances impairment is well documented [7,11,13]. It could be related 

to the anticipation of pain, pain itself, central alterations or mechanisms induced by a deconditioning 

syndrome.  The predominant reduction of isokinetic strength on knee flexors may be explained by our 

testing procedure which requires successive repetitions of knee flexions and extensions without period 

of rest.  In contrast to other studies, knee muscle performances did not differ between healthy women 

and CLBP patients.  Lee et al. [10] found a significant reduction in knee flexors and extensors strength 

in CLBP patients.  Schipplein et al. [21] and Trafimow et al. [25] suggested that quadriceps muscle 

performance limits the CLBP patients’ ability to lift with their knee flexed.  In our study, the similar 

isokinetic performances in the control and CLBP groups may be explained partly by our exclusion 

criteria (absence of leg irradiation).  Furthermore, the populations were drastically paired for age, 

weight and daily physical activities. 

 

To our knowledge, no comparative study of muscle performances in FM and CLBP patients appears in 

the literature.  The comparison of both populations suffering from chronic pain showed higher 

isokinetic strength and muscle fatigue resistance in CLBP patients.  The diffuse pain in FM patients 

may explain these observations.  At the end of the isokinetic assessment, VAS pain score reached 
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respectively 0.68 a.u. and 2.7 a.u. in control and CLBP groups (non significant difference).  By 

contrast, the VAS pain score in FM averaged 5.3 a.u. (p < 0.05). 

 

Agonist electrical activities of VM, RF, IH and EH recorded during the isokinetic strength assessment 

were not significantly different among our populations.  Simons and Mense [23] reported absence of 

rest EMG activity increase in patients suffering from chronic pain.  Sihvonen et al. [22] described trunk 

flexors and extensors activity decrease, in CLBP patients, when they have an agonist function in 

dynamic movements. 

 

In the control group, we demonstrated a significant influence of velocity on agonist EMG activity of 

knee flexors and extensors.  According to Robertson et al. [19], torque production is strongly related to 

EMG activity in the biceps femoris and vastus lateralis.  These authors observed that increased torque 

was associated with increased EMG activity.  Croce et al. [2] found that knee flexors PT was higher 

when the ankle was fixed in dorsiflexion compared to plantarflexion.  This increased PT was not 

combined with concomitant EMG activity increase.  However, according to these authors, the results 

were not in contradiction with Robertson’s study.  Croce et al. [2] suggested that the higher knee 

flexors PT was due to a greater gastrocnemius contribution as knee flexors, which explains the 

absence of repercussion in hamstring EMG activity.  In our study, no significant relation between PT 

(which were significantly reduced at 180°/s compared to 60°/s) and EMG activity was observed in the 

two populations suffering from chronic pain.  These results suggested that chronic pain syndrome may 

influence the motor units recruitment.   

 

We determined the knee flexors and extensors EMG pattern.  The normalized Ext/Fl ratio of EMG 

activity increased significantly with speed in the 3 groups.  This observation may be related to the 

muscular typology;  Garret et al. [5] demonstrated a higher proportion of fast twitch motor units in 

hamstrings than in the quadriceps.  Faulkner et al. [4] suggested that, at high contraction velocities, 

slow twitch motor units were less able to contribute to power than at slow contraction velocities.  

Therefore, FT motor units contribution may be more important at 180°/s. This fact may also explain 

that knee flexors EMG activity increases less than quadriceps muscle EMG activity (composed of a 

higher number of ST motor units) when speed gets higher.  Results of the present study indicated an 
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Normalized EMG activity Ext/Fl ratio of inferior to 1 in the control group.  This observation may also be 

related to the different fiber types proportions in knee flexors and extensors.  In fact, Gerdle et al. [6] 

reported a positive correlation between RMS and the percentage of type II muscle fibers during 100 

maximal dynamic knee extensions at 90°/s.  The higher ratio found in our chronic pain populations 

may be explained by a modified typology consecutive to a deconditioning syndrome or a reduction of 

daily physical activities. 

 

In the isokinetic fatigue assessment, we examined the agonist and antagonist EMG activities 

throughout 4 serials of contractions.  The signal amplitude (RMS) reflects the recruitment of motor 

units.  The literature describes a RMS increase during prolonged static submaximal contractions [8].  

EMG pattern during repeated dynamic movements is less documented.  Larsson’s study showed good 

reproducibility for maximal isokinetic knee extension PT and RMS during three sets of 10 contractions 

[9].  Lindström and Gerdle [12] investigated the interrelationships between RMS and peak torque 

throughout 100 successive maximal isokinetic contractions of both knee flexors and extensors.  They 

reported a RMS increase during the initial 20 contractions, followed by relatively stable RMS levels 

throughout the subsequent contractions [12].  At the end of the test, a tendency towards decreased 

levels appeared [12].  According to these authors, no significant difference in EMG behavior between 

extensor and flexor muscles existed.  Contrarily, our study revealed that unlike the knee flexors activity 

(IH and EH activities), the agonist EMG activity of VM and RM moderately increased.  Our results may 

differ from those of Lindström and Gerdle, due to our specific protocol.  Several mechanisms may be 

responsible for changes in the RMS and it remains difficult to interpret the EMG activity measured 

during maximal dynamic effort.  Unexpectedly, agonist and antagonist activites of the chronic pain 

groups did not differ from those of the control group for each repetitions serial investigated in the 

present study.   

 

Curve profiles of agonist or antagonist EMG activites were similar in the control group and the chronic 

pain patients.  Consequently, the chronic pain syndrome appears to be not related to the EMG pattern 

during isokinetic fatigue assessment. 

 

 



 9

 

Conclusion 

 

FM patients isokinetic muscular performances were significantly decreased in comparison with the 

control and the CLBP groups.  Results of these last two populations did not differ significantly.  Agonist 

electrical activities recorded during the isokinetic strength assessment were similar in the 3 studied 

groups.  In the control subjects, we demonstrated a significant influence of velocity on agonist EMG 

activity of knee flexors and extensors.  The normalized EMG activity Ext/Fl ratio increased significantly 

with speed in the 3 populations.  During the isokinetic fatigue assessment, the curve profiles of agonist 

and antagonist EMG activities were identical in the control group and the chronic pain groups.  In 

contrast with the knee flexors agonist EMG activity, we observed a moderate agonist EMG activity 

increase of VM and RF. 
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Table I: NPT (N.m/kg), CW (J) and NCW (J/kg) developed by knee flexors and extensors (means 

and SD): comparison between control subjects, FM patients and CLBP patients 

 
Variables 

 

 
Test modalities 

 
Control group 

 

 
FM group 

 
CLBP group 

 
Strength measurements 
 

    

 
FLE 

    

NPT (N.m/kg) C60°/s 0.97 (0.27) a 0.64 (0.21) b 0.88 (0.25) a 

 C180°/s 0.71 (0.18) a 0.49 (0.15) b 0.7 (0.14) a 

     

EXT     

NPT (N.m/kg) C60°/s 1.77 (0.37) a 1.34 (0.23) b 1.68 (0.37) a 

 C180°/s 1.07 (0.2) a 0.86 (0.2) b 1.14 (0.28) a 

 
Fatigue measurements 

    

 
FLE + EXT 
 

    

CW (J) C180°/s 3058 (839) a 2278 (394) b 2755 (564) a 

NCW (J/kg) C180°/s 47 (12) a 33 (7) b 42 (9) a 

 

Difference in letters represents a significant difference (p < 0.05); C, concentric 
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Table II: Agonist electrical activities of VM, RF, IH and EH recorded during the isokinetic 

strength assessment (means and SD): comparison between control subjects, FM patients and 

CLBP patients. 

 
Muscles 

 

 
EMG activities 

 
Control group 

 

 
FM group 

 
CLBP group 

 
VM 
 

    

 
C 60°/s 

 
Absolute (µV) 

 
177 (58) a 

 
172 (86) a 

 
169 (111) a 

  
Normalized (µV/N.m) 

 
1.61 (0.69) a 

 
1.83 (0.79) a 

 
1.5 (0.75) a 

     

C 180°/s  
Absolute (µV) 

 
167 (56) a 

 
180 (72) a 

 
171 (104) a 

  
Normalized (µV/N.m) 

 
2.45 (0.92) a 

 
3.03 (1.15) a 

 
2.23 (0.94) a 

 
 
RF 
 

    

 
C 60°/s 

 
Absolute (µV) 

 
158 (48) a 

 
135 (57) a 

 
132 (75) a 

  
Normalized (µV/N.m) 

 
1.41 (0.49) a 

 
1.45 (0.64) a 

 
1.2 (0.55) a 

     

C 180°/s  
Absolute (µV) 

 
137 (46) a 

 
137 (56) a 

 
131 (85) a 

  
Normalized (µV/N.m) 

 
2.02 (0.78) a 

 
2.34 (1.1) a 

 
1.73 (0.73) a 

 
 
IH 
 

    

 
C 60°/s 

 
Absolute (µV) 

 
228 (108) a 

 
155 (63) a 

 
167 (82) a 

  
Normalized (µV/N.m) 

 
3.66 (1.56) a 

 
3.55 (1.11) a 

 
2.94 (1.41) a 

     

C 180°/s  
Absolute (µV) 

 
191 (69) a 

 
157 (62) a 

 
153 (65) a 

  
Normalized (µV/N.m) 

 
4.26 (1.61) a 

 
4.63 (1.36) a 

 
3.44 (1.57) a 

 
 
EH 
 

    

 
C 60°/s 

 
Absolute (µV) 

 
177 (83) a 

 
202 (94) a 

 
177 (104) a 

  
Normalized (µV/N.m) 

 
2.8 (1.08) a 

 
4.77 (2.28) a 

 
3.15 (1.85) a 

     

C 180°/s  
Absolute (µV) 

 
161 (72) a 

 
208 (108) a 

 
172 (88) a 

  
Normalized (µV/N.m) 

 
3.51 (1.43) a 

 
6.23 (2.88) b 

 
3.86 (2.14) a 

 
Difference in letters represents a significant difference (p < 0.05) ; C, concentric 
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Table III: Agonist electrical activities of knee extensors and flexors recorded during the 

isokinetic strength assessment (60°/s and 180°/s) 

 
EMG activities 

 
C 60 

 
C 180 

 
p 
 

 
Extensors 
 

   

 
Control 
 

   

agonist (µV) 168 (48) 152 (43) 0.003 
    

FM    

agonist (µV) 153 (68) 159 (61) 0.37 
 
CLBP 
 

   

agonist (µV) 150 (91) 151 (94) 0.79 
    

 
Flexors 
 

   

 
Control 
 

   

agonist (µV) 203 (92) 176 (65) 0.01 
    

FM    

agonist (µV) 179 (75) 182 (73) 0.72 
 
CLBP 
 

   

agonist (µV) 172 (91) 162 (74) 0.22 
    

C, concentric 



 16

Table IV: Comparison of normalized EMG activity Ext / Fl ratio recorded during the isokinetic 

strength assessments (60°/s and 180°/s) 

 
Ratio Ext / Fl 

 
C 60 

 
C 180 

 
p 
 

 

Control 

 

0.55 (0.27) 

 

0.68 (0.34) 

 

0.003 

 

FM 

 

0.8 (0.1) 

 

1 (0.16) 

 

0.03 

 

CLBP 

 

0.92 (0.15) 

 

1.12 (0.15) 

 

0.004 
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Figures Legends 

 

Figure 1: Evolution profile of RF agonist EMG activity recorded during the isokinetic fatigue 

assessment (control subjects, FM patients and CLBP patients). 

 

Figure 2: Evolution profile of EH agonist EMG activity recorded during the isokinetic fatigue 

assessment (control subjects, FM patients and CLBP patients). 

 

Figure 3: Evolution profile of RF antagonist EMG activity recorded during the isokinetic fatigue 

assessment (control subjects, FM patients and CLBP patients). 

 

Figure 4: Evolution profile of EH antagonist EMG activity recorded during the isokinetic fatigue 

assessment (control subjects, FM patients and CLBP patients). 
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Figure 1 

 

Evolution profile of RF agonist EMG activity
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Figure 2 

 

Evolution profile of EH agonist EMG activity
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Figure 3 

 

Evolution profile of RF antagonist EMG activity
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Figure 4 

 

 

Evolution profile of EH antagonist EMG activity

50

55

60

65

70

75

1 to 3 9 to 11 18 to 20 28 to 30 contractions

EM
G

 a
ct

iv
ity

 (µ
V)

Controls
FM
CLBP


