
0008-3194/2011/96–106/$2.00/©JCCA 2011

96	 J Can Chiropr Assoc 2011; 55(2)

Impairment assessment of lateral epicondylitis 
through electromyography and dynamometry
Marc-André Blanchette, DC, MSc*
Martin C. Normand, DC, PhD**

  *	Public Health PhD Program. Department of Social and Preventive Medicine, Faculty of Medicine, University of Montreal, Montreal, QC,  
Canada. Private practice of Chiropractic, Centre Chiromédic, Laval, QC, Canada.

**	Director of the Chiropractic department, Université du Québec à Trois-Rivières, Trois-Rivières, QC, Canada.
	 Corresponding author : Marc-André Blanchette DC, MSc, PhD candidate, Centre Chiromédic, 1545 boulevard de l’Avenir #300, Laval, QC, 

Canada H7S 2N5. E-mail: marc-andre.blanchette@umontreal.ca. Tel: (450) 967-0500, fax: (450) 967-8944.
©	JCCA 2011

Objectifs : Étudier les changements de force et d’activité 
musculaire de sujets avec un diagnostic d’épicondylite 
latérale (LE). Évaluer la pertinence de ces mesures dans 
le suivi de patients.
  Méthodes : Vingt-quatre sujets (11 hommes et 13 
femmes) avec LE, ont été évalués au départ et après 5 
semaines d’un traitement expérimental. Les mesures 
comprenaient: (1) la préhension maximale sans 
douleur (PFG), (2) la force isométrique maximale, (3) 
l’électromyographie de surface (EMG) des muscles des 
avant-bras (sains et affectés), (4) une échelle visuelle 
analogue (VAS) et (5) le questionnaire Patient Rated 
Tennis Elbow Evaluation (PRTEE) (version française 
canadienne). 
  Résultats : Tous les sujets ont démontré une 
amélioration du VAS et du PRTEE. La force isométrique 
maximale lors de la flexion et l’extension du poignet et 
de l’analyse EMG n’ont pas permis de discriminer les 
coudes affectés des coudes sains lors de l’évaluation 
initiale. Seuls la PFG mesurée avec le coude en 
extension a réussi à discriminer les coudes avec LE des 
sains. 
  Conclusions : L’utilisation de la PFG avec le coude en 
extension semble être la mesure de force la plus indiquée 
pour effectuer le suivi de patient avec LE. Le protocole 
d’acquisition EMG utilisé dans cette recherche n’était 
pas adéquat pour effectuer le suivi de patients avec LE. 
(JCCA 2011; 55(2):96–106)

m o t s  c l é s  :  épicondylite latérale, préhension 
maximale sans douleur, électromyographie, évaluation.

Objectives: To investigate changes in muscular 
activity and strength of subjects diagnosed with lateral 
epicondylitis (LE). To assess the appropriateness of these 
measures in the patient’s follow-up. 
  Methods: Twenty-four subjects (11 men and 13 
women) with LE, were evaluated at baseline and after 
5 weeks of an experimental treatment. Measurements 
included: the (1) pain-free grip (PFG), (2) maximal 
isometric strength, (3) surface electromyography (EMG) 
of forearm muscle (healthy and affected), (4) a visual 
analogue scale (VAS), and (5) the Patient Rated Tennis 
Elbow Evaluation (PRTEE) (Canadian-French version).
  Results: All subjects showed improvement in VAS and 
PRTEE. The maximal isometric strength during flexion 
and extension of the wrist and the EMG analysis failed 
to discriminate the affected from the healthy elbow 
during the initial assessment. Only the PFG measured 
with the elbow in extension could discriminate elbows 
with LE from the healthy ones.
  Conclusions: The use of the PFG with the elbow 
in extension seems to be the most indicated strength 
measurement to monitor the recovery of patients with 
LE. The EMG acquisition protocol used in this research 
was not adequate to monitor effectively the recovery of 
LE.
(JCCA 2011; 55(2):96–106)

k e y  w o r d s :  lateral epicondylitis, tennis elbow, pain-
free grip, electromyography, measurements.
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Introduction
Lateral epicondylitis (LE) or “tennis elbow” is an injury 
at the insertion of the extensor carpi radialis brevis and 
the extensor digitorum. It is characterized by pain at the 
external aspect of the elbow exacerbated during extension 
of the elbow with the wrist in flexion or during resisted 
extension of the wrist with the elbow in extension.1 Grip 
strength is affected and simple activities such as simply 
taking a cup of coffee may become painful. This is the 
most common condition diagnosed in the elbow and it af-
fects between 1% and 3% of the population.2–4 Smoking 
(Odds Ratio (OR) = 1,3),4 forceful work (OR = 3,1)5 and 
the combination of repetitive movements of the arm and 
forceful activities (OR = 5,6)4 are associated with the oc-
currence of LE. LE naturally resolves over a period of 1 
to 2 years in 80 to 90% of cases.6 It is thought to be a self-
limiting condition as pain limits the function of the elbow 
thus protecting the insertion of the extensor muscles of 
mechanical stresses during the healing process.7 It should 
be noted that the term “tennis elbow” is inappropriate 
because tennis players represent only 5 to 10% of cases, 
however the practice of racket sports increases the risk 
of developing LE (OR = 2,8)6 and 40 to 50% of players 
may develop this condition.8 The term tendinitis is also 
inappropriate to describe the chronic presentation of this 
disease because no histological inflammatory reaction has 
been found in patients treated surgically for chronic LE.9 
The term tendinosis should be utilized preferentially since 
it refers to degenerative tendinopathy (angiofibroblastic 
hyperplasia)10 as seen in this condition.

Recent literature reviews7,11 have listed more than 40 
different treatment methods for this condition. The major-
ity of studies reported inconsistent results and no thera-
peutic modality seems to stand out or alter the natural 
history of the disease. Surprisingly, despite the multitude 
of studies, there is not enough evidence to currently rec-
ommend the use of one treatment modality over another. 
This can be explained by the limited usage (fewer than 
the half of the experimental studies) of assessment in-
struments, with adequate psychometric properties (valid, 
reliable, and sensitive to change), that limit the power 
and validity of studies on lateral epicondylitis.12 The Pa-
tient-rated Tennis Elbow Evaluation (PRTEE) is a ques-
tionnaire that has demonstrated sufficient psychometric 
properties.13–16 Since the PRTEE depends on the patient 
rating of 15 items, there is still a need to find measures 

that can objectively monitor the progress of patients with 
LE.

Grip strength is commonly measured to quantify the 
progression of LE. Several variations of grip strength 
testing are found in the literature. Healthy subjects dem-
onstrate stronger maximal grip when measured with the 
elbow bent at 90 degrees than when measured with the 
elbow extended.17 Patients with LE showed no difference 
between the elbow positions for the healthy arm, while 
the affected arm showed a significant lower strength when 
measured with the elbow in extension.18 An 8% decrease 
of grip strength when measured with the elbow in flex-
ion compared to extension was sufficient to distinguish 
the affected elbow from the healthy one. These variations 
have diagnostic implications for both researchers and 
clinicians. Although maximal grip has an adequate inter-
observer reproducibility (ICC = 0.97)19 many researchers 
prefer to quantify the progress of LE using the Pain-Free 
Grip (PFG).19,20 In addition to the advantageous inter-
observer reliability,19 PFG shows a better correlation with 
common pain scales.20 Since PFG is always measured 
with the elbow in extension, we decided to compare the 
two positions (flexion / extension) in order to identify the 
more appropriate position in which to monitor progress in 
patients with LE.

Electromyography (EMG) has also been used to in-
vestigate the function of forearm muscle in healthy and 
LE individuals. Rojas had identified muscle asymmetry 
characterized by a decrease of the activation of the exten-
sor carpi radialis, a compensatory increase in the activa-
tion of extensor carpi ulnaris and higher muscle fatigue 
index in LE subjects compared to control subjects.21 A 
similar study documented a reduction in the activation of 
the extensor carpi radialis, without increased activation of 
the extensor carpi ulnaris, or modification of the fatigue 
index.22 They also have noted a weakness of the affected 
upper limb when compared to a control group. Another 
study was able to compare a group of healthy subjects, a 
LE group, and a group of recovered LE patients (no pain 
for 6 months).23 The EMG results showed a decrease in 
the activation of the extensor carpi radialis in LE subjects 
and an increased activation in recovered subjects, despite 
persistent weakness of the upper limb. The decreased acti-
vation of the extensor carpi radialis is in accordance with 
the pain adaptation model24 that predicts a reduced ac-
tivity of agonist muscles in the presence of chronic pain. 
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Small increases in the level of activity of the antagonist 
could also be caused by pain. As a consequence of these 
changes, force production as well as the range and vel-
ocity of movement of the affected body part are often re-
duced. While this is not commonly used, we believe that 
the use of the co-activation percentage (ratio of : activity 
of a muscle acting as an antagonist/ activity when acting 
as an agonist) should show a modulation of motor activity 
in a context of chronic elbow pain. According to the pain 
adaptation model,24 pain causes a reduction in the activity 
of agonist muscles and an increase in the antagonist activ-
ity which should lead to an increase in the percentage of 
co-activation. We compared the affected elbow to the un-
affected elbow since we believe that this is preferable to 
between-subjects comparisons done in previous studies.

Since the number of adequate assessment instruments 
for LE is limited, the purpose of this study was to in-
vestigate change in EMG and dynamometry of subjects 
diagnosed with LE to assess the appropriateness of these 
measures in the patient initial functional assessment and 
follow-up.

Methodology

Subjects
This study was conducted at the biomechanics labora-
tory of the University. Subjects were recruited through 
an e-mail sent to University employees that were concur-
rently enrolled in a project comparing the effect of two 
treatments on LE. The recruitment period extended from 
February to April 2007. The subjects were accepted if 
they met the criteria for inclusions (Table 1). These cri-
teria included those frequently used in studies on LE25–27 
and those recommended for the experimental treatment 
administered (augmented soft tissue mobilization). This 
study was approved by the Institutional Review Board of 
the University (number ERC-06-114-06.02). All poten-
tial subjects (n = 34) during the recruitment period were 
considered. Five did not meet the inclusion criteria, two 
refused to participate and three were lost to follow-up so 
their initial information was not utilized. Twenty-four 
subjects completed both the initial evaluation (week 1) 
and the final evaluation after 5 weeks of treatment (week 

Inclusion criteria Exclusion criteria

•	 Having a lateral epicondylitis confirmed 
by the chiropractor responsible for 
examination through the tests of Cozen 
and Mill.1 

•	 Being at least 18 years old. 

•	 Bleeding disorders (hemophilia)
•	 Taking anticoagulants (aspirin) 
•	 History of thrombosis or thrombophlebitis, 
•	 A condition than weaken the skin (e.g., hives)
•	 Diabetes
•	 Kidney disease 
•	 Uncontrolled hypertension, 
•	 The presence of an infection at the time of the evaluation 
•	 History of elbow surgery or diffuse pain syndrome (eg 

fibromyalgia), 
•	 Elbow osteoarthritis, rheumatoid arthritis, or other 

inflammatory arthritis affecting the wrist or the elbow, 
•	 Carpal tunnel syndrome, 
•	 Radiculopathy from the neck, 
•	 Fracture of the upper limb with residual deformity, 
•	 Pending litigation settlement (other than the Work 

Compensation Board) for the elbow problem,
•	 Corticosteroid injections within 30 days preceding the study.
•	 Bilateral lateral epicondylitis 

Table 1  Inclusion and exclusion criteria
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6). Table 2 summarizes the clinical presentation of the 
subjects.

The initial evaluation included: the Patient Rated Ten-
nis Elbow Evaluation (PRTEE) cross-culturally adapted 
to Canadian French,28 a visual analogue scale (VAS), 
PFG, maximal isometric strength of the wrist and surface 
EMG. The first half of the group received ten treatments 
of augmented soft tissue mobilisation (a variation of deep 
friction massage) for a five week period, and the second 
received home exercises (stretching of the forearm). One 
week after the last treatment (week 6), all initial tests were 
repeated. All the analyses presented in this manuscript are 
for both treatment groups as a summary, they are not sep-
arated (this occurs in another manuscript).29

Dependant variables
The VAS was measured with a scaled line from zero to 
one hundred millimetres.30 The question asked was: « In-
diquez par un X l’endroit sur la ligne ci-dessous qui repré-

sente le mieux l’intensité de votre douleur aujourd’hui » 
which translates to: “Mark with an X the location on the 
line below which best represents the intensity of your pain 
today.”

The PRTEE (cross-culturally adapted to Canadian 
French28) with a score from zero to one hundred13–16 was 
used. This questionnaire provides a brief, uncomplicated, 
and standardised quantitative description of pain and 
functional disability.

PFG, commonly used to quantify the progression of 
LE,19,30,31 was measured using a dynamometer JAMAR 
model 08940189 (Preston, Jackson, MI), whose dynamic 
range is 981 N. The test was performed with the subjects 
in two standard positions: the arm along the body with the 
elbow bent at 90 degrees17 and the elbow in full extension 
along with the body (Figure 1). The subjects also received 
standardized instructions: they were to squeeze the dyna-
mometer slowly until they began to feel discomfort. The 
PFG was measured 3 times, with a 20-second rest interval 
between each measurement. The results were averaged 
for better reproducibility.19

The surface EMG of the extensor carpi radialis, the ex-
tensor digitorum and the superficial flexor digitorum were 
recorded during maximum and sub-maximal isometric 
contractions of five seconds in flexion and extension of 
the wrist. During all EMG acquisition sessions, the sam-
pling frequency was set at 1000 Hz. Disposable bipolar 
surface electrodes Ag-AgCl (BORTEC Biomedical, Cal-
gary, Alberta, Canada) were applied bilaterally according 

Age (years) 46 ± 10

Sex (male/female) 11 / 13 

Affected elbow 
(Dominant / Non-dominant) 13 / 11 

Onset of the LE (months) 29 ± 38

Table 2   Characteristics of subjects

LE : lateral epicondylitis

Figure 1  The PFG with the elbow in extension and the elbow bent at 90 degrees
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to literature recommendations.32,33 The electrode place-
ment site was first shaved and scrubbed with alcohol. The 
reference electrode (ground) was placed on the olecranon. 
The subjects were seated, with their elbow bent at 90°. 
With their hand initially in a prone position, they were 
asked to hold a U-shaped handle linked to a strain gauge 
to measure the maximal voluntary contraction (Figure 2). 
The subjects had their forearm fixed and were producing 
maximal flexion and extension of the wrist during verbal 
reinforcement. The sub-maximal EMG signals of muscles 
were collected during the hold against gravity of a 5 lbs 
dumbbell with the hand both in pronation and supination 
(Figure 3). Each contraction was followed by a two minute 
pause to reduce the risk of fatigue. Each measurement 
was made three times on both forearms for comparison. 
The signals were pre-amplified at the source (gain = 500), 
to eliminate motion artifacts, before a second amplifica-
tion (AMT-8, BORTEC Biomedical). The EMG signals 
were filtered according to a seventh order Butterworth 
(bandwidth of 10 to 450 Hz), rectified in absolute values 
and smoothed (a moving average including 10 points was 
used to filter the data) to determine the maximal value of 
each curve. The average of three maximal values was cal-
culated and used for each condition. In order to quantify 
the level of muscle activity, the average of sub-maximal 
values is expressed as a percentage of the average of the 
maximal values according to the following equation:

% Activation = (5 lb EMG / EMG max) × 100

The co-activation percentage was represented by the EMG 
activity of a muscle when acting as antagonist expressed 
as a percentage of when acting as agonist. These percent-
ages were obtained using the mean of maximal isometric 
tasks as in the following example:

% Co-activation = (EMG of one muscle acting as 
antagonist / EMG of the same muscle acting as  

an agonist) × 100

During maximum isometric contractions in flexion and 
extension of the wrist (Figure 2), the strength signals were 
collected using a strength gauge (NTEP-87-057A3 class 
III, Artech, Riverside, CA). For each test, the force was 
recorded at the same sampling frequency as the EMG 
(1000 Hz) and then filtered in a second-order Butterworth 
(cut-off frequency up to 8 Hz). The maximal strength was 
measured in each attempt and the average of the three 
trials was calculated.

Statistics 
The paired t-test (a = 0.05) comparing the initial and  
the week 6 evaluation was performed for the VAS and 
the PRTEE. The two-way or three-way ANOVAs with re-
peated measures (a = 0.05) on all factors were used to de-
termine whether statistically significant differences were 
present with the other variable. When appropriate, post 
hoc Fisher LSD test (a = 0.05) was performed. The status 
of the elbow (healthy or affected) was the independent 
variable while the PFG, EMG and isometric strength val-

Figure 2  Maximal isometric contraction during wrist extension (left picture) and wrist flexion (right picture).
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ues were considered dependent variable. The experiment-
al plan of analysis is represented by: A × Br for the results 
of EMG and isometric strength, and A × Br × C for PFG, 
where:

A 	has 2 levels represented by the healthy and affected 
elbow; 

B 	has 2 levels respresented by the initial evaluation and 
the week 6 evaluation; 

C 	has 2 levels represented by the position of the elbow 
during PFG in extension and flexion.

Results

Patient rated outcomes
Patient progress was evaluated using the PRTEE (Can-
adian-French version) and the VAS. Table 3 summarizes 
the results of these two scales. Both the PRTEE and the 
VAS showed a significant decrease of the score after 6 
weeks (P < 0,001) which represents an improvement of 
the subject condition.

Strength
Isometric strength was measured in four specific condi-
tions: flexion and extension of the wrist and PFG with the 
elbow in flexion and extension. Table 4 shows the average 
maximal obtained.

The maximal isometric wrist flexion strength revealed 
no main effect of elbow status or time.

The maximal isometric wrist extension strength during 
extension showed a main effect of time (P = 0,022), result 
of a significant increase of strength in both elbows after 
6 weeks. This measure of strength showed no significant 
difference between the healthy and affected elbow.

The PFG showed main effects of time (P = 0,021) and 
elbow (P = 0,014) in addition to an interaction between 
the elbow and its position (P = 0,011). The post hoc an-
alyses demonstrated:

1.	A significant increase of the PFG after six weeks in 
both arms and both positions.

2.	A significantly lower PFG in the affected elbows 
compared to healthy elbow when measured with the 
elbows in extension.

3.	A significant lower PFG of the affected elbows meas-
ured in extension compared to flexion.

Surface EMG
Table 5 shows the percentages of muscle activation and 
co-activation. For the muscle activation, the statistical 
analysis demonstrated main effect of elbow status and/or 
time only for the percentage of activation during flexion 

Figure 3  Sub-maximal isometric contraction during wrist extension (left picture) and wrist flexion (right picture).

Baseline Week 6 P value

PRTEE 35 ± 19 18* ± 14 < 0.001

VAS 46 ± 26 17* ± 12 < 0.001

Table 3  Patient rated outcomes

	 Mean ± standard deviation
*	 Significant decrease of the score from baseline
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of the extensor digitorum and the superficial flexor digi-
torum.

The activation percentage of the extensor digitorum 
during flexion showed a main effect of time (P = 0.006), 
resulting from a significant decrease in the percentage of 
muscle activation of both forearms.

The activation percentage of the superficial flexor digi-
torum during flexion showed a main effect of time (P = 
0.007), caused by a significant increase in muscle activa-
tion after 6 weeks in both forearms.

For muscle co-activation, the statistical analysis dem-
onstrated main effect of elbow status and/or time only for 
the co-activation percentage of the extensor digitorum.

The co-activation percentage of the extensor digitorum 
showed a main effect of elbow status (P = 0.048) and 
time (P = 0.003), result of a significant increase of the co-
activation percentage after 6 weeks in both forearms and 
a co-activation percentage significantly lower in affected 
elbows.

Discussion

Patient rated outcomes
Since both the VAS and the PRTEE showed significant 
improvement after six weeks, it is reasonable to con-
sider that the subject’s LE improved during that period 
of time. The Canadian French version of the PRTEE has 
demonstrated good acceptability, construct validity, inter-
nal consistency and responsiveness.28 In 2005, the first 
English version of the PRTEE , the Patient-rated Fore-

arm Evaluation Questionnaire (PRFEQ), was considered 
to be the most reliable (Interclass Correlation Coefficient 
(ICC) = 0.96; Standard error of measure (SEM) = 1.0) 
and responsive (Standardized response means (SRM) = 
1.0) questionnaire utilized in patients suffering from lat-
eral epicondylitis (compared to the Visual Analogue Scale 
(VAS), the Disabilities of the Arm, Shoulder, and Hand 
questionnaire (DASH), the Medical Outcomes Study 36-
item Short Form Health Survey and the Pain-Free Grip 
(PFG)).13 In 2005, the PRFEQ was updated to the actual 
PRTEE to accommodate findings from different research 
groups and to improve its clarity.15 In 2007, the compari-
son of this updated version with results of the VAS, the 
DASH Questionnaire, the Roles and Maudsley score, and 
the Upper Extremity Function Scale (UEFS), showed 
excellent reliability (r2 = 0.87) and internal consistency 
(Cronbach’s alpha = 0.94).16 SRM was higher in the 
PRTEE (SRM = 2.1) than in the other outcome meas-
ures (1.5 – 1.7).16 The questionnaire provides a brief, un-
complicated, and standardised quantitative description of 
pain and functional disability.14 It can be completed in 
less than five minutes. The use of PRTEE as a standard 
outcome measure in research may help determine best 
practice approaches for lateral epicondylitis.

Strength
In order to quantify the functional capacity of subjects, 
several measures of strength involving the forearm 
muscles were used. Measuring the maximal isometric 
strength of the wrist during flexion and extension seemed 

       Baseline         Week 6    

Elbow Healthy Affected Healthy Affected

Wrist strength in extension 12 ± 5  12 ± 5 13* ± 5 13* ± 5

Wrist strength in flexion 39 ± 17  37 ± 19   40 ± 22   40 ± 22

PFG (extension position)ª 30 ± 11 26ª ± 14  33b ± 11 28ªb ± 13

PFG (flexion position) 31 ± 11  29 ± 13  34b ± 12  31b ± 14

Table 4  Isometric strength and PFG (kg)

	 Mean ± standard deviation
*	 Significant increase of the score from baseline (main effect of time, P = 0.022)
ª	 PFG significantly lower than the measure with the elbow in flexion and the healthy elbows (interaction elbow 

status-position, P = 0.011)
b	 PFG significantly higher than the score from baseline (main effect of time, P = 0.021)
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logical, but our results showed no significant difference 
between the healthy and the affected elbows. Only an in-
crease in the maximum isometric strength during exten-
sion of both elbows was observed after 6 weeks. Since an 
improvement of the affected elbow should demonstrate an 
interaction between time and elbow status, the increased 
strength of both elbows could be attributed to test-retest 
effects, because subjects often exert more force in a re-
test. The absence of difference between the affected and 
healthy elbows of LE subjects has been observed in the 
literature,22 but the affected arm usually presented a lower 
strength when compared with a group of healthy subjects. 
LE typically affects the dominant arm and a decreased 
strength of the dominant arm could make the strength of 
both arms comparables. Hand dominance of the subject 
could be a confounding variable since 13 of our subjects 
had LE on the dominant arm and 11 on the non-domin-
ant arm. Nevertheless, these measures cannot effectively 
discriminate the healthy and affected elbow (both arms 

showed comparable improvement even after a significant 
decrease in pain), they show little interest for initial as-
sessment and follow-up in clinical practice.

Our results showed an increase of PFG for the two pos-
itions after 6 weeks. Similarly to the maximal isometric 
strength during wrist extension, the increase PFG of both 
elbows could be attributed to test-retest effects. But, the 
PFG was significantly lower among affected elbows when 
measured with the elbow in extension rather than in flex-
ion. In addition, the PFG in the extension position was 
the only strength measure that could discriminate healthy 
elbows from the affected. The elbow extension, as in the 
provocation test of resisted wrist extension,1 put greater 
stress on the extensor carpi radialis and produces pain at 
lower grip strength. This greater stress of the injured mus-
cles allows better discrimination of affected and healthy 
elbows. According to this data, the PFG with the elbow in 
extension is the best measure of strength for the assess-
ment of LE in research and practice.

       Baseline        Week 6    

Elbow Affected Healthy Affected Healthy

% activation during extension
Extensor carpi radialis 27 ± 13 25 ± 12   25 ± 14  25 ± 10
Extensor digitorum 37 ± 23 37 ± 16   32 ± 17  31 ± 9
Superficial flexor digitorum 43 ± 24 45 ± 35   58 ± 37  45 ± 24

% activation during flexion
Extensor carpi radialis 34 ± 22 34 ± 28   36 ± 27  27 ± 17
Extensor digitorum 36 ± 29 31 ± 23  22a ± 15 20a ± 10
Superficial flexor digitorum 16 ± 11 14 ± 8  21b ± 19 20b ± 17

% co-activation 
Extensor carpi radialis 13  ± 7 15 ± 6    15 ± 6  16 ± 5
Extensor digitorumcd 23c ± 10 30 ± 21 41cd ± 18 43d ± 18
Superficial flexor digitorum 63  ± 77 68 ± 56    45 ± 75  34 ± 19

	 Mean ± standard deviation
a	 The 6th week follow up percentage are significantly lower than the baseline week (main effect of 

time, P = 0.006)
b	 The 6th week follow up percentage are significantly higher than the baseline week (main effect 

of time, P = 0.007)
c	 The affected elbows percentage are significantly lower than the healthy one (main effect of elbow 

status, P = 0.048)
d	 The 6th week follow up percentage are significantly higher than the baseline week (main effect 

of time, P = 0.003)

Table 5  Percentages of muscle activation and co-activation
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Surface EMG
The only EMG measure that was able to discriminate the 
affected elbows from the healthy ones was the co-activa-
tion percentage of the extensor digitorum. These results 
are different from previous studies that described a de-
crease in the activation of extensor carpi radialis in LE 
subjects.21,22,23 The fact that our results did not confirm 
this difference between healthy and affected elbows could 
indicate a methodological difference in the EMG acquisi-
tion. In previous studies, EMG data were acquired at 50% 
maximal voluntary isometric contraction during grip, and 
analysed using normalized median frequency slope as a 
fatigue index.22,23,34 Our experimental task carried out 
during the acquisition of EMG signals during wrist exten-
sion combined the grip of a U-shape handle in addition to 
a resisted extension while previous research only included 
gripping22,23,34 or a resisted wrist extension.21 It has been 
suggested that the extensor carpi radialis brevis acts as a 
flexor muscle stabilizer for gripping during pronation.35 

Combining gripping in pronation and resisted extension 
could possibly cause an increase activation of extensor 
carpi radialis during our experiment. Another difference 
between our methodology and the one of previous studies 
is that our experimental design did not allow us to assess 
fatigue index. It is also possible that the lack of difference 
between healthy and affected elbows is due to the choice 
of non-affected elbows of the same subjects as a source of 
comparison. All previous studies used a group of healthy 
subjects.

Our experiment showed a decreased activation of the 
extensor digitorum of both forearms after six weeks. The 
co-activation percentage of that muscle is lower in the af-
fected arm and increased in both arms after six weeks. 
These differences are opposite to those we expected under 
the pain adaptation model24 since in the presence of a de-
crease of pain (VAS) a decreased percentage of muscle 
co-activation was expected. The pain adaptation model 
applies to the agonist-antagonist activity of different 
muscles, and not to the agonist-antagonist activity of the 
affected muscle. Once again, the increased co-activation 
percentage of both arms could be attributed to the test-
retest effect. The same phenomenon was observed with 
the superficial flexor digitorum that showed an increase of 
activation in both arms after six week. One of the limita-
tions of our research design is that we have not assessed 
the test-retest reliability of our EMG protocol. However, 

we have used a procedure that should increase test-retest 
reliability: using the average of 3 measures and express-
ing the level of muscle activity as a percentage of maximal 
values (standardisation). Even if Alizadehkhaiyat et al. 
claim that their EMG procedure is reliable for measuring 
muscle imbalance in the wrist-forearm-shoulder-chain,33 
they did not assess the test-retest reliability between two 
sessions.The discrepancy between our results and those 
found in previous studies21–23 comes from changes in the 
EMG acquisition and analysis procedures.

According to our results and those from previous stud-
ies, the best way to monitor the recovery of LE in both clin-
ical trials and clinical practice is to use the PRTEE13–16,28 
and the PFG with the elbow in extension.19,30,31 Even if 
the method proposed by Alizadehkhaiyat et al. seems 
more promising than our’s, future research using EMG 
data should assess the test-retest reliability of their proto-
col before it could be used in clinical trials. Since co-
activation percentage of the extensor digitorum, was the 
only EMG measure that discriminated the affected elbows 
from the healthy ones in this study, more investigation 
should be done on co-activation of forearm muscle dur-
ing other experimental tasks before it could be used as a 
clinical or research outcome.

Conclusion
The use of the PFG with the elbow in extension seems to 
be the most indicated strength measurement to monitor 
the recovery of patients with LE. The EMG acquisition 
protocol used in this research was not adequate to mon-
itor effectively the recovery of LE patient. Future research 
should address the lack of significant difference between 
the affected and healthy elbows during EMG measure-
ment.
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