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This study was designed to evaluate the relative effectiveness of electromy
ographic feedback and conventional physical therapy in the recovery of quadri
ceps femoris muscle function following uncomplicated meniscectomy. Contri
butions of patient characteristics and elements related to the surgery were also 
evaluated, using multiple regression techniques. Twenty-two men and four 
women were randomly assigned to two groups. One group received a traditional 
approach of 20 minutes of isometric exercises while the other performed 20 
minutes of isometrics with electromyographic feedback. Pretreatment and post-
treatment electromyographic output and strength were measured. The average 
difference between pretest and posttest electromyographic output for the feed
back group was over 10 times higher than that of the standard therapy group. 
The feedback group also had significantly greater (p < .01) changes in manual 
muscle test scores after each treatment. Change in maximum electromyographic 
output was significantly correlated with total number of days following surgery, 
regardless of treatment. A multiple regression analysis revealed that the greatest 
predictors of change in maximum electromyographic output were treatment 
group and days after surgery. Electromyographic feedback is demonstrated to 
be an efficacious and specific therapeutic modality for the patient who has had 
a meniscectomy. 
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Electromyographic feedback is commonly used to 
enhance therapeutic exercises in patients with paretic 
muscles.1-3 Sprenger and associates described the use 
of EMG feedback for delayed return of knee exten
sion following meniscectomy using a single-case-
study approach.2 Feedback was initiated seven weeks 
postoperatively. An effort was made to compare "this 
patient's progress to four other postmeniscectomy 
patients," but no statistical analysis could be per
formed. 

Although increasing numbers of reports concerning 
the efficacy of EMG feedback are appearing in the 
literature, I found no reports of randomized group 
comparisons of patients without CNS lesions. Mid-
daugh and Miller studied 12 subjects with paretic 
muscles from various disabilities, using a factorial 

analysis of variance of repeated measures.3 Six sub
jects with brain damage and six with peripheral nerve 
damage were used. A significantly greater EMG out
put was found during feedback trials than during 
nonfeedback trials. Each subject was exposed to both 
feedback and nonfeedback trials on the same day. 
Although the tests were administered on two different 
days, with a five-day between-session interval, feed
back and nonfeedback trials of 30 seconds were sep
arated by only two minutes. Because of the design 
used, one cannot be sure that the nonfeedback trials 
were not affected by learning during feedback trials. 
In fact, the authors themselves acknowledge that 
"repeated exposure to EMG feedback is strongly 
indicative of a learned response."3 In order to evaluate 
the efficacy of EMG feedback better, an experimental 
approach using random assignments to treatment 
groups and a more sophisticated analysis of perform
ance would be needed. 

Lippold has demonstrated that the relationship 
between isometric tension and integrated EMG out
put is linear in normal subjects.4 Lenman has shown 
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TABLE 1 
Characteristics of Groups by Subjects 

EMG Feedback Group 

Traditional Physical Therapy 
Group 

Age ± SEM 

33.7 ± 4.8 

37.4 ± 3.4 

Sex 

Men 

12 

10 

Women 

2 

2 

Meniscectomy Location 
Left 

Lateral 

3 

1 

Medial 

5 

4 

Right 

Lateral 

1 

0 

Medial 

5 

7 

a similar relationship in patients with paretic mus
cles.5 Measures of integrated EMG were therefore 
used in the present study as a very sensitive index of 
isometric tension. Integrated EMG has the added 
benefit of being a ratio scale (that is, it has a naturally 
occurring zero and equal intervals between succeed
ing numbers), which allows for a more powerful 
statistical analysis. Manual muscle testing, whose 
numbers imply only rank-order, is only an ordinal 
scale and thus needs to be analyzed by the less 
powerful nonparametric statistics. 

Using multiple regression techniques, this study 
was designed primarily to evaluate EMG feedback as 
compared with conventional physical therapy. Patient 
characteristics and surgical factors could also be stud
ied for their contribution to the recovery of quadri
ceps femoris muscle function after meniscectomy. 

METHOD 

Subjects 

Twenty-six consecutively referred patients who had 
undergone uncomplicated meniscectomy one to seven 
(mean, 1.2) days previously were seen for physical 
therapy between December 1978 and September 
1979. These otherwise healthy 4 women and 22 men 
served as subjects for this clinical study. Age, sex, and 
meniscectomy location are summarized in Table 1. 

Procedure 

Before every treatment, each patient's affected 
thigh was inspected for wound healing. For repro
ducibility, a site 10 to 15 cm* above the lateral border 
of the medial femoral condyle was chosen for surface 
electrode application. If no permanent skin markings 
(for example, hyperpigmented areas) were present, 
the spot was marked with a skin pencil. The skin was 
then scrubbed with alcohol to reduce its resistance. 
One 15-mm active electrode was placed over the 
previously determined spot and the other 0.5 cm 
lateral to the first electrode. The ground electrode was 
placed 2.5 cm lateral to the second electrode. 

The patient was asked to relax the quadriceps 
femoris muscle and allow the hip to externally rotate 
to resting position. Resting EMG levels were then 
obtained using the J33 Cyborgf unit. The J33 elec
tronically rectifies and integrates the raw EMG signal 
over 0.05 seconds. This reading was checked pretreat-
ment and posttreatment to ensure that pretest and 
posttest maximum EMG changes were not primarily 
caused by skin-electrode resistance changes. In addi
tion, a warning light came on if skin resistance ex
ceeded 19 k Ω, in which case the skin preparaton was 
repeated. 

A manual muscle test (brake test6) was performed 
and the results recorded. The manual muscle test 
scores were translated to a computer-readable scale: 
Poor = 2, Fair minus = 2.6, etc (Tab. 2). In order to 
determine isometric EMG output, the first five iso
metric quadriceps femoris muscle contractions were 
monitored with the J33, without feedback to the 
patient. Each contraction was held until the output 
started to decline, usually within 10 seconds. This 
time period is consistent with reports of other inves
tigators.3-5 The highest EMG seen on the J33 meter 
for two consecutive seconds was recorded. The patient 
was then randomly assigned on the first treatment 
day, to either the feedback or traditional treatment 
group. 

Interventions 

The J33 unit was turned off for the traditional 
physical therapy group but the electrodes were left in 
place. Patients in both groups were instructed to 
"straighten your knee: push the knee down and pull 
the kneecap towards you: make a muscle with your 
thigh." The therapist remained until the patient com
prehended the idea of isometric quadriceps femoris 
muscle exercise. At this time the feedback group was 
instructed in the use of the J33 unit: "make the needle 
move as far to the right as possible." Patients were 
allowed to readjust the gain of the J33 as necessary. 
Both groups were asked to continue isometric quad
riceps femoris muscle exercise for 20 minutes, resting 
as necessary during that time. The therapist returned 

* 1 cm = 0.39 in. † Cyborg Corp, 342 Western Ave, Boston, MA 02135. 
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after 10 minutes to check the patient's progress and 
answer questions. The therapist made sure the patient 
was practicing as instructed, but no EMG or manual 
muscle test measures were taken. Typically, no ques
tions were asked, but one or two patients were prac
ticing straight leg raising and were admonished to 
continue with quadriceps femoris muscle isometrics. 
At the end of 20 minutes the initial testing procedure 
was repeated. 

Patients were then allowed to practice straight leg 
raising, if possible, for 10 minutes. Crutch walking 
instruction ensued, allowing weight bearing to toler
ance. Weight bearing tolerance was noted, using the 
following scale: 0 = cannot ambulate, 1 = nonweight 
bearing, 2 = partial weight bearing, and 3 = full 
weight bearing. 

Patients were asked to continue isometric quadri
ceps femoris muscle exercise, straight leg raising, and 
crutch walking in their hospital room for the rest of 
the day. No attempt was made to monitor this activity. 

Treatments were continued daily until the patient's 
discharge from the hospital, an average of 3.0 days 
for patients in the conventional treatment group and 
2.3 days for patients in the feedback group. 

Statistical Methods 

A one-way analysis of variance was used on the 
pretest base-line values to ensure that the randomi
zation was valid. 

Changes in maximum effort EMG output obtained 
from subjects in this study were first analyzed using 
analysis of variance. Each day's observation was 
treated as one case. This method allowed for parti
tioning the data into components measuring differ
ences between the intervention groups, differences 
over time within groups, and an error term. Manual 
muscle test results were evaluated using the chi-square 
statistic for between-group comparison. The data 
were then examined using multiple regression tech
niques. Correlation matrices were calculated, both to 
determine the most important factors for entry into 
the regression equation and to analyze the relation
ships among variables. Partial correlations were cal
culated to describe the relationship between two var
iables, while one or more extraneous variables' linear 
contributions were statistically controlled. Computa-

TABLE 2 
Characteristics of Groups by Observations 

Characteristics 

n 
Sex 

Men 
Women 

Age ± SEM 

Group 

Feedback 

28 

23 
5 

35.50 ± 3.40 
Meniscectomy Location 

Left 
Lateral 
Medial 

Right 
Lateral 
Medial 

Tourniquet Time 
± SEM 

Total days after 
operation ± 
SEM 

Pretest maximums 
for treatment 
day 1 
EMG Output µV 
± SEM 

Manual muscle 
testa 

4 
8 

3 
13 

63.86 ± 2.80 

2.70 ± 0.29 

10.11 ± 2.89 

1.00 

Traditional 
Physical Therapy 

31 

22 
9 

35.90 ± 1.90 

3 
9 

0 
19 

63.36 ± 2 . 9 0 

3.60 ± 0.35 

11.20 ± 4.20 

1.00 
a Median scores where: 

Zero = 0.0 
Trace = 1.0 
Poor(- ) = 1.6 
Poor = 2.0 
Poor(+) = 2.3 

Fair ( - ) = 2 . 6 
Fair = 3.0 
Fair ( + ) = 3 . 3 
Good ( - ) = 3.6 
Good ( + ) = 4.0 

tions for these analyses were performed using the Dec 
System-20 computer with the SCSS program.7 

RESULTS 

Base-line Measurements 

Base-line characteristics for both groups of obser
vations are given in Table 2. The results of a one-way 
analysis of variance of the base-line characteristics 
for treatment day one showed no significant differ
ences at the .05 level between groups. A pneumatic 
tourniquet had been applied over the proximal thigh 
during surgery to control bleeding around the arthro-

TABLE 3 
Mean EMG and Strength Characteristics of Groups by Observations 

Group 

Feedback Group 
Conventional Physical 

Therapy Group 

Change in Rest
ing EMG µV ± 

SEM 

.00 ± .00 

.01 ± .01 

Posttest Maximum 
EMG µV ± SEM 

39.69 ± 5.96 

18.63 ± 4.32 

Change in Maxi
mum EMG µV ± 

SEM 

25.24 ± 4.19 

2.45 ± 0.84 

Change in Man- Weight Bearing 
ual Muscle Test Tolerance ± SEM 

(Median) (see Text) 

0.30 

0.01 

1.27 ± .15 

1.26 ± .16 
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tomy site. The mean duration of application of the 
tourniquet was nearly equal for both groups. 

Effect of Interventions 

The results of the EMG measures and muscle tests 
are summarized in Table 3. No significant changes in 
resting EMG during sessions were observed. No sig
nificant differences were found between groups in 
weight-bearing ability (x2 = 1.18, df— 3,p — .76). 

The EMG feedback group improved an average of 
25 µV per treatment session, whereas the standard 
therapy group improved 2.5 µV (p < .0001). The 
feedback group also showed greater improvement in 
manual muscle test scores (x2 = 9.4, df= 2,p < .01). 

Besides treatment group membership, other factors 
had a statistically significant relationship to the post-
test scores. Pearson's product-moment correlations 
were found to be statistically significant and positive 
(using the scores of both groups combined) between 
pretest and posttest maximum EMG (r = .77, p < 
.001) and between posttest maximum EMG and post-
test muscle grade (r = .51, p < .001). Age and men
iscectomy location were not significantly related to 
EMG output. Only four women were used in this 
study, so the effect of sex could not be fairly evalu
ated. 

To determine improvement over time, irrespective 
of group membership, manual muscle test scores and 
changes in EMG output were correlated with total 
days after surgery, statistically controlling the vari
ances caused by group membership. Change in max
imum EMG output (posttest minus pretest) had a .37 
(p < .01) partial correlation with total number of 
days after surgery, controlling for treatment group 
membership. Pretest manual muscle test scores had a 
.29 (p < .05) and posttest manual muscle test scores 
had a .36 (p < .01) partial correlation with total days 
after surgery, both with group membership stastisti-
cally controlled. This partial correlation of strength 
and time, controlling for group membership, dem
onstrates that strength improved with time alone. 

Multiple regression of posttest-pretest maximum 
EMG change on treatment group membership and 
total number of days after surgery was then per
formed. In this equation, group membership had a 
beta weight (a measure of the individual variable's 
relative contribution to the overall variance8 in the 
change in maximum EMG output) of .68. The beta 
for the contribution of time (total days after opera
tion) was .31. Each beta was significant at p < .01 
and together generated a multiple correlation of .67 
(p < .0001). Multiple correlation shows how much of 
the variance can be explained by considering the 
effect of group membership and time simultaneously. 
Change scores were used as a control for the con
founding correlation between total postoperative 

days, pretest maximum EMG output, and posttest 
maximum EMG output, inasmuch as each subject 
was tested on more than one day. 

DISCUSSION 

Claims of the effectiveness of EMG feedback in 
training of paretic muscles have until now been based 
on case reports,1,2 few controlled studies,3 and the 
clinician's observations of the usually substantial im
provement in motor unit recruitment (as evidenced 
by immediate strength and EMG output increase). 
This clinical study, using a variety of statistical tech
niques, demonstrates a strong and specific effect of 
EMG feedback on muscles with poor contractile 
power. Response to EMG feedback is further sub
stantiated by the significant differences in manual 
muscle testing results between groups. 

The use of a randomized-groups design allows for 
direct comparison of feedback to nonfeedback con
ditions without the possible between-trials learning 
effects of within-subjects designs. Base-line character
istics were remarkably similar (p > .05) for both 
groups (Tab. 2). Patients were allowed to bear weight 
to pain tolerance during ambulation. No difference 
in weight-bearing tolerance between groups was 
found, thus indicating an approximate equivalence of 
pain. Unequal pain tolerance between groups would 
probably have differentially inhibited isometric quad
riceps femoris muscle strength. 

Manual muscle test scores appear to be a less 
sensitive measure than EMG output in assessing iso
metric tension. The feedback group left the hospital 
with about Fair quadriceps femoris muscle strength, 
whereas the conventional therapy group ended with 
somewhat less than Poor-plus strength, although both 
groups started with similar strengths on treatment day 
one. There may not be a large statistical difference 
between Poor-plus and Fair strength, but the func
tional difference is obvious. There is a linear relation
ship between integrated EMG and isometric tension 
(r = .93-.99).4,5 Because of the great difference in 
EMG results between groups, a correspondingly large 
difference in isometric tension produced must also 
exist. 

Weingarden and associates have demonstrated that 
the use of the pneumatic tourniquet during meniscec
tomy may lead to EMG changes associated with 
denervation.9 All the meniscectomies in this study 
were performed using a pneumatic tourniquet, whose 
duration of application was found to be inversely 
related to pretest and posttest EMG output. However, 
the average tourniquet times for both groups were 
within 30 seconds of each other (Tab. 2) and had no 
differential effects on group outcome. EMG feedback 
was equally effective for patients with long and short 
tourniquet times. Further investigation of the effect 
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of tourniquet time on muscle strength is now being 
undertaken. 

By the end of the first 20-minute session, the post-
test-pretest maximum EMG differences were over 22 
µV higher for the feedback group. On the second 
treatment day, both groups showed significant im
provements in EMG output and muscle test scores; 
however, the feedback group continued to show 
greater improvement. This finding indicates that the 
feedback group's improvement was treatment specific 
and not a function of time alone, as suggested by 
Weingarden and associates.9 

Finally, prior to this study, multiple regression 
EMG feedback comparisons using patients could not 
be found in existing literature. Although Lee and 
associates used linear regression analysis of age, mo
tivation, and feedback condition,10 multiple regres
sion to show their relative strengths would have added 
information to our knowledge of EMG feedback's 
utility. Beta scores could have been calculated, as 
they were in this study. Beta is a measure of the 
unique contribution of the variable in question, while 
the contribution of other variables remains constant. 
Multiple regression techniques are necessary to eval

uate fully the statistical significance of noncategorical 
(that is, continuous) variables and unequal group 
sizes.8 Thus, the greater flexibility and power of mul
tiple regression should be considered in future studies. 
The use of two randomized groups eliminates the 
possibility of learning carry-over from previous treat
ment conditions, as might have been the case in other 
studies.3,10 

CONCLUSION 

The use of EMG feedback substantially and sig
nificantly improved EMG output and muscle strength 
in this controlled group of patients with paretic mus
cles following meniscectomy surgery. This improve
ment was attained beyond that of natural recovery by 
time alone. 
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