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INTRODUCTION

Dynamic electromyographic measurements have been
incorporated into studies of human gait and, in a broader
sense, studies of human limb motion and even human
torso motion, since the early 1950s. Initially, these
measurements were purely investigational in nature, but
the instrumented study of gait and motion has emerged as
a clinical tool. Because of member interest in dynamic
electromyography (EMG) in general, the American
Association of Electrodiagnostic Medicine (AAEM) has
undertaken a review of the literature in an effort to
examine the clinical role of dynamic EMG measure-
ments in gait and motion analysis. The papers cited
below were viewed as representative of the literature on
the subject in general and form a basis of the present
document.

BACKGROUND: TECHNICAL ASPECTS

It is important to realize that there are 2 forms of dynamic
electromyographic measurements which have found
popularity in the studies of human motion. The first type
of dynamic EMG is surface electromyography (SEMG)
which utilizes button electrodes taped to the skin over the
muscles of interest. The second type is fine-wire
electromyography (FWEMG) which incorporates fine-
wire electrodes. These electrodes are on the order of 50
microns in diameter, that is, about one eighth of the
diameter of the 27-gauge needle electrode commonly
used in needle EMG. These fine wires are inserted into 
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the muscle of interest in a 25-gauge hypodermic needle
that is then withdrawn, leaving the fine wire in place.
Thicker wires apparently are not flexible enough to allow
dynamic measurements to be made. Whether the SEMG
button electrodes or the FWEMG wire is used, the EMG
signal detected is then transmitted to an amplifier and
recorder either by radio signal or by a hard-wire
apparatus attached to the subject or patient. Recordings
are made for the duration of some physical activity, for
example, the gait cycle. Usually, simultaneous measure-
ments and/or observations are made of the motions of the
subject during the duration of the activity. The electro-
myographic activity of the muscle being studied can then
be correlated to the time sequence of the particular
motion or position of the subject. Generally, the activity of
many muscles is recorded at the same time, so that at any
given time during an activity, a picture of the significant
accompanying muscle activity can be obtained.

The data generated by the SEMG and the FWEMG are
not equivalent. The SEMG electrode samples a larger
area of muscle, has a smaller band-pass centered around
a lower frequency, is more subject to cross-talk from
nearby muscles, is more reliable from day to day, 16,24 and
is less disruptive to the gait pattern than the fine-wire
counterpart. There is, however, some evidence that both
techniques disrupt gait in some fashion.54 Other
differences between SEMG and the FWEMG are that
SEMG is sometimes more comfortable15 and more
readily utilized by nonmedical personnel. Which
electrode is chosen may be somewhat dependent on the
reason that the study is being conducted, for example,
large muscle groups distant from antagonists versus
single muscles in the vicinity of dissimilar acting
muscles. The literature suggests, however, that different
laboratories favor 1 technique or the other. This would
not be true of deeper muscles since they can only be
measured by the fine-wire electrodes. For the purpose of
this paper, the term dynamic EMG represents either
SEMG or FWEMG; therefore, no differentiation
between the 2 will be made.

The 2 types of dynamic measurement differ significantly
from needle EMG which is utilized in the diagnosis of
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lower motor neuron disorders or primary muscle disease.
Dynamic EMG (SEMG or FWEMG) measurements are
made during periods of significant muscle activity and no
attempt is made to interpret individual motor unit size,
shape, or duration of activity, although an envelope of
activity of many units is often observed. Recruitment
frequency, in general, is not observed in detail in
dynamic EMG measurements. Spontaneous activity, a
key element in the needle electromyographic diagnosis
of neuromuscular disorders, is also not measured. Fine-
wire techniques potentially may be able to observe
recruitment frequency and spontaneous activity, although
the upper band-pass cutoff, 1 kHz, may limit sensitivity.
However, in the motion studies reviewed, none of the
studies described these variables. SEMG measurements
have far too low an upper limit of frequency cutoff, that
is, 350 Hz, to effectively measure these variables.
Neither of the dynamic EMG techniques can observe
insertional activity, another variable important to needle
electromyographic diagnosis.

BACKGROUND: DATA ANALYSIS

Different types of information are elicited for motion and
gait studies from electromyographic measurements.
Most commonly, the laboratory is interested in the
presence or absence of the particular muscle’s activity
during a portion of the cycle. This leads to an under-
standing as to whether a particular muscle is firing at the
appropriate time in the gait sequence, for example. Since
studies of normal gait are available,32,37 the temporal
firing pattern of the various muscles can be determined
so that inappropriate firing of abnormal muscles can be
identified. Surgical correction can then be prescribed
with some assurance that the muscle being modified is
indeed causing the deviation of gait away from normal.
There seems to be fair agreement50 that surgical inter-
vention to tendons does not change the firing patterns of
the muscle postoperatively but only the effect of the
inappropriate firing in a mechanical sense.

Most gait studies where dynamic EMG has been useful
are of patients with upper motor neuron lesions, such as
cerebral palsy and cerebral vascular accidents. These
patients have resulting spasticities so that ablation of a
particular spastic muscle’s mechanical effect can be
beneficial. There is very little literature on the clinical use
of dynamic EMG measurements with lower motor neuron
lesions, primary muscle disease, or mechanical gait
etiologies such as amputation, although gait kinematic
measurements have been widely utilized with these
problems and investigational studies have been conducted.

A second type of data utilization52 involves study of the
dynamic EMG envelope shape as opposed to the simple
on/off activity of the muscle. The shape is studied to see
if a particular muscle is abnormal in the sense of time
versus amplitude behavior during its burst of activity.
There are only a few papers in the literature purporting to
use this as a clinical measurement.

Lastly, there is a long history in SEMG literature27,56 and
dynamic EMG literature to relate some measure of EMG
signalintensity tomuscle effort. In isometric measurements
some laboratories are successful in this measurement.
The nonisometric conditions encountered in motion
laboratories do not allow a quantitative relationship to be
obtained. Some laboratories53 try to relate the integrated
amplitude of intensity of the muscle activity to the
integrated amplitude of the muscle intensity of the same
muscle in another part of the cycle or to the same muscle
on the other side of the body. This requires some type of
normalization process. There are several techniques by
which this can be accomplished, with varying degrees of
success.

Each of these applications has inherent difficulties.36

There are legitimate differences of opinion on the criteria
for the determination of onset of a muscle’s electrical
activity6 and the relationship of the electrical firing
activity to the onset of the mechanical force exerted by
the muscle. Based on this review, however, almost all
laboratories utilizing dynamic EMG as part of gait and
motion studies make use in some way of the off/on
temporal pattern of muscle firing revealed by the
dynamic EMG measurements. Far fewer laboratories
appear to make use of the envelope of activity, and force
measurements are not commonly reported.

This review found no single publication with a com-
parison of surgical results between when (a) the surgical
procedure was chosen with the help of gait measurements
incorporating dynamic EMG and (b) the procedure was
chosen based on clinical examination alone. In that
sense, dynamic EMG has not been evaluated, let alone
established as a proven benefit in surgical preoperative or
postoperative evaluations. Numerous publications,
however, have attested to the usefulness of dynamic
EMG in surgical decision making.5,46 No literature was
found in this review denigrating its use. It is impossible
to state a use rate for this technique for clinicians but at
many major centers, it appears to be available. To what
degree the data generated are utilized in surgical
decisions, however, was also not determinate from the
present review.
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CONCLUSIONS

The following observations reflect current practice:

1. Dynamic EMG capabilities, utilizing either fine-
wire electrodes or surface electrodes, are available
in a significant number of major laboratories.

2. The percentage of motion laboratories that conduct
measurements of dynamic EMG during kinematic
studies is not known from the review.

3. In those laboratories where dynamic EMG is
utilized, the percentage of patients measured and
their selection criteria is not readily evident. In
those laboratories publishing in the gait literature,
all patients seem to be investigated but many
laboratories are not represented in the literature.

4. The extent of the utilization of data generated and
the percentage of cases where clinical decisions
without the dynamic EMG would have been
different is not clear from the literature.

5. In numerous laboratories, 4,7,8,18-23,25,34,35,44,47,55 pre-
operative motion studies are performed on patients
who are candidates for corrective orthopaedic
procedures. Many of these laboratories incorpo-
rated dynamic EMG into their studies. The
literature suggests that candidates for corrective
orthopaedic procedures form a subgroup of the
total number of patients undergoing gait analysis.
This particular subgroup is best defined as those
patients with upper motor neuron lesions, cerebral
palsy, cerebral vascular accidents, traumatic brain
injury, or spinal cord injury with accompanying
spasticity of the musculature. Generally, the
surgery contemplated is orthopaedic in nature.
There is some indication that the techniques are
also utilized after rhizotomy procedures.4

6. From the literature alone, one can conclude that
dynamic EMG is a legitimate clinical tool for
evaluating patients with certain known diagnoses.
It is no longer simply an investigational tool;
however, its utility in preoperative planning has
not been proven in well-designed, large, multi-
center studies.

7. There remains many legitimate differences of
opinion as to the relative benefits of surface versus
fine-wire techniques that future studies will need
to resolve. Also in doubt is the best way of
determining onset of electrical activity and other

technical variables. That problem, however,
apparently has not stopped laboratories from
utilizing this information in clinical decision
making.

8. Not a single paper reviewed from the gait literature
suggested that dynamic EMG is used for diag-
nosis. In all cases where the results were reviewed
for preoperative planning, the techniques were
used for extension of clinical evaluations of
patients with known diagnoses. This represents a
major departure from the use of needle EMG
which is used primarily for diagnostic evaluations.
There perhaps is some overlap of function between
dynamic EMG and needle EMG in the area of
prognosis, although future studies will be needed
to clarify this overlap.

9. Dynamic EMG, as part of comprehensive motion
analysis, has found applications in the optimization
of athletic performance. The subjects in these
studies are not patients in the classic sense and did
not necessarily carry any type of medical
diagnosis. This literature was not reviewed at this
time. 

There is also a growing literature1-3,9-14,17,26,28-31,33,38-

43,45,48,49,51 related to dynamic EMG’s investigational
use in athletic injuries. The review suggested that
this type of application of dynamic EMG was in an
earlier stage of development than the application to
central nervous systems conditions and will
require additional validation. It may be that this
type of utilization will parallel the early amputee
work and lead to a better understanding of athletic
kinematics and kinetics that has clinical utility
without its becoming particularly useful in
individual clinical measurements of specific
injuries. Since there is a readily imagined relation-
ship between optimization of athletic performance
in athletic tasks and the measurement of functional
capacity of a worker in a vocational task, there
undoubtedly will be an attempt to utilize gait
laboratories in this type of application in the future.
Most laboratories, however, are not engaged in this
type of activity at the present time and its
application would be investigational in nature until
well-established literature supports its use. The
early literature in this area suggests that, if this
eventually becomes useful in functional planning,
a higher level of laboratory/equipment sophis-
tication with Fourier transform capabilities will be
necessary. Currently, this equipment does not
appear to be readily available.

AAEM Technology Reviews

Muscle & Nerve  Supplement 8  1999  S235



Approved by the American Association
of Electrodiagnostic Medicine: September 1995.

Endorsed by the American Academy of Physical
Medicine and Rehabilitation: November 1995.

REFERENCES

1. Adelsberg S: The tennis stroke: An EMG analysis of selected
muscles with rackets of increasing grip size. Am J Sports Med
1986;14:139-142.

2. Bradley JP, Tibone JE: Electromyographic analysis of muscle
action about the shoulder. Clin Sports Med 1991; 10:789-805.

3. Branch TP, Hunter R, Donath M: Dynamic EMG analysis of
anterior cruciate deficient legs with and without bracing during
cutting. Am J Sports Med 1989;17:35-41.

4. Cahan LD, Adams JM, Perry J, Beeler LM: Instrumented gait
analysis after selective dorsal rhizotomy. Dev Med Child
Neurol 1990;32:1037-1043.

5. Csongradi J, Bleck E, Ford WF: Gait electromyography in
normal and spastic children, with special reference to
quadriceps femoris and hamstring muscles. Dev Med Child
Neurol 1979;21:738-748.

6. DiFabio RP: Reliability of computerized surface electro-
myography for determining the onset of muscle activity. Phys
Ther 1987;67:43-48.

7. Gage JR, Fabian D, Hicks R, Tashman S: Pre- and
postoperative gait analysis in patients with spastic diplegia: A
preliminary report. J Pediatr Orthop 1984; 4:715-725.

8. Gage JR, Perry J, Hicks RR, Koop S, Werntz JR: Rectus
femoris transfer to improve knee function of children with
cerebral palsy. Dev Med Child Neurol 1987; 29:159-166.

9. Giangarra CE, Conroy B, Jobe FW, Pink M, Perry J: Electro-
myographic and cinematographic analysis of elbow function in

tennis players using single-and double-handed backhand
strokes. Am J Sports Med 1993;21:394-399.

10. Glousman R, Jobe F, Tibone J, Moynes D: Dynamic electro-
myographic analysis of the throwing shoulder and
glenohumeral instability. J Bone Joint Surg 1988;70-A:220-
226.

11. Glousman RE, Barron J, Jobe FW, Perry J, Pink M: An electro-
myographic analysis of the elbow in normal and injured
pitchers with medial collateral ligament insufficiency. Am J
Sports Med 1992;20:311-317.

12. Jobe FW, Moynes DR, Tibone JE, Perry J: An EMG analysis
of the shoulder in pitching: A second report. Am J Sports Med
1984; 12:218-220.

13. Jobe FW, Perry J, Pink M: Electromyographic shoulder
activity in men and women professional golfers. Am J Sports
Med 1989; 17:782-787.

14. Jobe FW, Tibone J, Perry, J, Moynes, D: An EMG analysis of
the shoulder in throwing and pitching. Am J Sports Med 1983;
11:3-11.

15. Jonsson B, Omfeldt M, Rundgren A: Discomfort from the use
of wire electrodes for electromyography. Electromyography
1968; 8:5-17.

16. Kadaba MP, Wootten ME, Gainey J, Cochran GVB:
Repeatability of phasic muscle activity: Performance of
surface and intramuscular wire electrodes in gait analysis. J
Orthop Res 1985; 3:350-359.

17. Karlsson J, Andreasson GO: The effect of external ankle
support in chronic lateral ankle joint instability. Am J Sports
Med 1992; 20:257-261.

18. Keenan MA, Creighton J, Garland DE, Moore T: Surgical
correction of spastic equinovarus deformity in the adult head
trauma patient. Foot Ankle 1984; 5:35-41.

19. Keenan MA, Perry J: Motion analysis: Upper extremity, in
Nickel VL, Botte MJ (eds): Orthopaedic Rehabilitation, ed 2.
New York, Churchill Livingstone, 1992, pp 243-256.

20. Keenan MAE: Surgical decision making for residual limb
deformities following traumatic brain injury. Orthop Rev 1988;
27:1185-1192.

21. Keenan MAE, Haider TT, Stone LR: Dynamic electromyo-
graphy to assess elbow spasticity. J Hand Surg 1990; 15A:607-
614.

22. Keenan MAE, Perry J: Evaluation of upper extremity motor
control in spastic brain-injured patients using dynamic
electromyography. J Head Trauma Rehabil 1990; 5:13-22.

23. Keenan MAE, Romanelli RR, Lunsford BR: The use of
dynamic electromyography to evaluate motor control in the
hands of adults who have spasticity caused by brain injury. J
Bone Joint Surg 1989; 71:120-126.

24. Komi PV, Buskirk ER: Reproducibility of electromyographic
measurements with inserted wire electrodes and surface
electrodes. Electromyography 1970; 4:357-367.

25. Kozin SH, Keenan MAE: Using dynamic electromyography to
guide surgical treatment of the spastic upper extremity in the
brain-injured patient. Clin Orthop 1993;288:109-117.

26. Mann RA, Moran GT, Dougherty SE: Comparation
electromyography of the lower extremity in jogging, running,
and sprinting. Am J Sports Med 1986; 14:501-510.

27. Milner-Brown HS, Stein RB: The relation between the surface
electromyogram and muscular force. J Physiol1975; 246:549-
569.

28. Morris M, Jobe FW, Perry J, Pink M, Healy BS: Electro-
myographic analysis of elbow function in tennis players. Am J
Sports Med 1989; 17:241-247.

29. Moseley JB, Jobe FW, Pink M, Perry J, Tibone J: EMG
analysis of the scapular muscles during a shoulder
rehabilitation program. Am J Sports Med 1992; 20:128-134.

30. Nuber GW, Jobe FW, Perry J, Moyes DR, Antonelli D: Fine
wire electromyography analysis of muscles of the shoulder
during swimming. Am J Sports Med 1986; 14:7-11.

31. Ohkoshi Y, Yasuda K, Kaneda K, Wada T, Yamanaka M: Bio
mechanical analysis of rehabilitation in the standing position.
Am J Sports Med 1991; 19:605-611.

AAEM Technology Reviews

S236 Guidelines in Electrodiagnostic Medicine
©1999 American Association of Electrodiagnostic Medicine

DISCLAIMER
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the AAEM. It is based on an assessment of the
current scientific and clinical information. It is not
intended to include all possible methods of care of
a particular clinical problem, or all legitimate
criteria for choosing to use a specific procedure.
Neither is it intended to exclude any reasonable
alternative methodologies. It addresses the use of
dynamic EMG in one area only and its application,
if any, to the practice of electrodiagnostic
medicine. This statement is not intended to address
all possible uses of, or issues regarding, dynamic
EMG and in no way reflects upon the usefulness
of dynamic EMG in those areas not addressed.
The AAEM recognizes that specific patient care
decisions are the prerogative of the patient and
his/her physician and are based on all of the
circumstances involved. This review was not
written with the intent that it be used as a basis for
reimbursement decisions. 
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