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Spinal nerve root compression (SNRC) lesions resulting from various etiological 
conditions are a problem affecting many patients seen by physical therapists. 
The purposes of this article are to describe the factors that determine the strength 
deficits (SDs) accompanying these lesions and to discuss evaluation procedures 
and therapeutic considerations for patients with these SDs. Because of biological 
compensatory mechanisms and the shortcomings of techniques for measuring 
SDs, physical therapists may be unaware of the motor involvement of patients 
with SNRC lesions. The application of appropriate evaluation procedures should 
enable physical therapists to identify the SDs and monitor their response to 
therapeutic interventions. These interventions should be applied with apprecia
tion of the potential for causing further damage from overworking the weakened 
muscles. 
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Goodgold and Eberstein have proposed that spinal nerve 
root compression (SNRC) lesions are "one of the most com
mon maladies of bipedal men."1(pl97) These lesions are often 
the consequence of pressure on the spinal nerve roots from 
herniated disks,2-5 trauma to the vertebral column,6,7 

compression by osteophytes,8'9 or incomplete dislocation of 
the articular facets.2,3,8 They occur within or proximal to the 
intervertebral foramen9 and, therefore, affect spinal nerve 
roots primarily. Although the lesions affect sensory fibers, and 
are evidenced most frequently by pain,10,11 they also affect 
motor nerve fibers.4-10,12-14 If the motor nerves are involved, 
the strength and endurance of the muscles supplied by the 
compressed nerve root may be decreased, but not addressed 
clinically because evaluation and treatment may be directed 
toward amelioration of the symptoms of sensory involvement. 
In some disorders of the nerve roots, involvement of the 
motor nerve fibers and the resulting motor deficits may be 
the dominant feature of compression.10,15 

Because physical therapists often are involved in the care 
of patients with problems that are accompanied by compres
sion of peripheral nerve fibers, especially nerve root fibers, 
knowledge about the manifestations of motor nerve compres
sion is important. Physical therapists should be familiar with 
the factors determining the extent of motor involvement, 
mechanisms of recovery, and methods of measuring and 
promoting recovery. The purposes of this article, therefore, 
are 1) to describe the factors that determine the extent of 
strength deficits (SDs) accompanying SNRC, 2) to discuss 
procedures for evaluating the motor status of patients sus

pected of having SNRC, and 3) to discuss treatment consid
erations for patients with SDs resulting from SNRC. 

DETERMINANTS OF STRENGTH DEFICITS 

If the SNRC is severe enough to interrupt the transmission 
of impulses along the efferent fibers to the skeletal muscles, 
the immediate effect of the compression is decreased volun
tary muscle strength. The extent of the SD is dependent 
primarily on three factors: 1) the anatomical distribution of 
the spinal nerve root fibers and the extent to which a muscle 
is supplied by them, 2) the severity of the compression, and 
3) the advent of compensatory mechanisms. 

ANATOMICAL DISTRIBUTION 

The extent of SDs accompanying SNRC depends on the 
distribution of the specific segmental myotomes contributing 
to a muscle's innervation. Although variations exist in the 
myotomes,10,16,17 the motor deficits generally follow the ana
tomical distribution of the nerve roots that are compressed.13 

The spinal nerve roots in humans that contribute to the 
innervation of specific limb muscles can be identified readily 
by reference to anatomical or neurological text charts.18 By 
correlating the muscles involved with the spinal cord levels 
indicated in the charts, clinicians can determine the specific 
nerve root involved. 

The amount of the SD, and of muscle atrophy, is related 
to the extent that specific involved nerve roots contribute to 
the muscle's innervation. Animal studies clearly have revealed 
this relationship. An experiment by Edds and Small involving 
monkeys showed that lesions of a spinal nerve root that 
provided 25% to 50% of a muscle's innervation resulted in a 
muscle weight loss (secondary to denervation atrophy) of 
11%.19 Lesions of a nerve root that contributed more than 
73% of a muscle's innervation, however, resulted in a muscle 
weight loss of more than 50%. Similarly, they found that 
cutting a nerve root that controlled a small proportion of the 
muscle fibers had little effect on the muscle's performance, 
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whereas cutting a nerve root that controlled a larger propor
tion of the muscle fibers caused significant impairment of 
function. Although a precise description of the most frequent 
percentage distribution of the motor fibers of each spinal 
nerve root to specific muscles in humans is unavailable, 
sufficient information is available in radiological, surgical, 
and clinical reports to identify the muscle groups that should 
be evaluated thoroughly for SDs.4,5,8,10,15,20 

Severity of Compression 
Spinal nerve roots are weaker structurally than peripheral 

nerves21 and, therefore, may be susceptible particularly to 
damage from compression. When the nerve roots are com
pressed, variations in the severity of compression may result 
in SDs that appear to be similar initially, but that may have 
different long-term outcomes. Basically, SNRC will result in 
either neurapraxia or axonotmesis.22 The distinction between 
these two classifications of severity is important because the 
muscular status differs between the two conditions. Neura
praxia results when the conduction of the action potential is 
blocked at the site of compression (in this case, the nerve 
root), but the structural integrity of the axons remains intact. 
Removal of the compression restores conduction of the action 
potential across the previous site of compression. This tran
sient condition most likely would result from short episodes 
of mechanical deformation, which may be related to posture.23 

As a consequence of this deformation, changes in nerve root 
microcirculation may lead to ischemia and the formation of 
intraneural edema.2425 Muscle fibers supplied by neurapraxic 
axons cannot be activated voluntarily, but they will respond 
to electrical current applied distal to the site of compression 
with normal twitch and tetanic tensions.26 The muscles sup
plied by neurapraxic nerve roots generally will not atrophy, 
unlike denervated muscles.27 

Axonotmesis causes interruption of the conduction of the 
action potential as a consequence of structural damage (in 
this case, of the nerve root). This damage, which results in 
degeneration of the axons and denervation of the muscle 
fibers supplied by the axons, is manifested by SD and muscle 
atrophy.19 Removal of the compression does not restore con
duction across the site of compression until the axons regen
erate. Axonotmesis results in partially denervated (PD) mus
cles that respond to electrical stimulation applied distal to the 
site of compression with twitch and tetanic tensions that are 
diminished from those found normally.28 

Recent studies have shown that SNRC causes damage— 
first to the large, myelinated fibers and then to the small, 
unmyelinated fibers—that is directly proportional to the 
amount24,29 and the duration28 of the pressure. Because the 
large, myelinated fibers are composed of both sensory and 
motor axons, these findings support the hypothesis that SDs 
may occur concurrently with signs of nerve root damage and 
symptoms of sensory changes. 

Compensatory Mechanisms 
The results of studies of changes in the force production of 

PD muscles provide support for the presence of mechanisms 
that compensate for the compression and thus mask SDs. The 
recovery of muscle strength over a relatively short period of 
time was demonstrated in studies of rabbits and rats using 
muscle contractions evoked electrically.30-32 Van Harreveld 
partially denervated the sartorius muscles of rabbits by re
moving the L6 spinal nerve root.30,31 He found that the same 

muscles subsequently had contraction responses significantly 
greater than normal sartorius muscles to stimulation of the 
L5 spinal nerve root, which also supplied the muscles. These 
increased contraction responses occurred two weeks after 
removing the L6 nerve root in one study30 and four weeks 
after removing the L6 nerve root in the other study.31 After 
two months, the PD muscles were 4.4 times as responsive to 
stimulation of the L5 nerve root as the control muscles.30 The 
responsiveness to stimulation of the L5 nerve root increased 
for up to six months after the L6 nerve root removal. Guth 
partially denervated rat plantaris muscles by crushing the L4 
spinal nerve root.32 After one month, stimulation of the 
animal's L5 nerve root, which also innervates the plantaris 
muscle, resulted in a contraction of the PD muscle that was 
significantly stronger than that produced in the normal muscle 
of a control animal stimulated through the L5 nerve root 
only. More specifically, stimulation of the experimental ani
mal's L5 nerve root resulted in contraction of the PD plantaris 
muscle comparable in tension to contraction of the normal 
plantaris muscle of the control animal stimulated through the 
L4 and L5 nerve roots combined. In a similar study, Hines et 
al found that rat gastrocnemius muscles partially denervated 
by either L4 or L5 nerve root section began to recover their 
strength within three days of the nerve section.33 The strength 
of the PD muscles continued to increase for 50 days. 

The hypothesis that compensatory mechanisms exist is 
supported also by clinical evidence in humans. These mech
anisms may offer a partial explanation for the frequency of 
minor or undetectable SDs after disk herniations, as suggested 
by Wohlfart.34 He further suggested that in amyotrophic 
lateral sclerosis (a disease resulting in partial denervation) 
between one fourth and one third of the motor nerve fibers 
to a muscle may disappear without appreciable SD. No evi
dence exists to suggest that the partial denervation accompa
nying amyotrophic lateral sclerosis should be masked more 
than that accompanying SNRC. McComas et al demonstrated 
that twitch tensions remain within the normal range in PD 
extensor hallucis brevis muscles if at least 10% of the axons 
supplying the muscle remain intact.35 

Our review of the literature revealed three primary mecha
nisms that may compensate for, and thereby alter, the motor 
manifestations of SNRC. These mechanisms are 1) increases 
in motor unit firing frequency, 2) collateral axon sprouting in 
the affected muscles, and 3) hypertrophy of muscle fibers not 
denervated by damaged motor fibers. Motor axon regenera
tion across the primary site of compression also may oc
cur,36,37 but the time required for growth of the new axons 
over the great distances in humans (especially to distal mus
cles) probably occurs after axon sprouting in the muscles and, 
therefore, probably has a small influence on recovery of 
muscle strength. 

Motor Unit Firing Frequency 
In muscles affected by nerve root neurapraxia and axonot

mesis, that portion of the motor units still conducting nerve 
impulses can be excited more frequently than usual.38 Even 
if the maximum muscle force is limited by the number of 
motor units available for recruitment, more voluntary force 
can be generated, up to a point, by increasing motor unit 
firing frequency. This change in motor unit firing was docu
mented clearly during walking in patients with PD tibialis 
anterior muscles.39 In normal muscles, recruitment of motor 
units is the initial means by which force production is in
creased.40 Thereafter, the firing rate of previously recruited 
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motor units can be increased to augment further the produc
tion of muscle force.40 One possible explanation for the greater 
firing frequency in muscles innervated by compressed nerve 
roots, therefore, may be that the damaged muscle has fewer 
motor units to recruit, so a relatively greater proportion of a 
maximum voluntary contraction is achieved earlier. 

Axon Sprouting in Muscle 
The collateral axon sprouting process begins with the gen

eration in the muscle of new axon branches (collateral sprouts) 
from existing normal axons, and the process is completed by 
the reinnervation of denervated muscle fibers by the axons. 
This process was substantiated by both histological41-47 and 
electrophysiological35,45,47-49 investigations. 

Histological examinations of experimental animals (rats 
and cats) demonstrated the presence of axon sprouts within 
two or three days of spinal nerve section.41-42 Initially, the 
sprouts had smaller diameters and smoother profiles than 
normal axons.41,42 Unlike normal axons, the sprouts at this 
stage branched into claws at the endplates of the muscle.43 Six 
to 11 weeks after nerve root lesions, however, the sprouts 
thickened, became myelinated, and developed more mature 
terminations on the motor endplates.41 This growth process 
may be progressive. Weiss and Edds reported greater reinner
vation of previously denervated endplates by sprouts for up 
to four months after spinal nerve section.44 They found up to 
95% of one rat's previously denervated muscle fibers were 
reinnervated after the four-month period. Other authors, how
ever, have suggested that the extent of sprouting is related 
directly to the extent of denervation and is independent of 
the recovery time. Gorio and associates resected the L5 spinal 
nerve root in rats and measured enlargement of the remaining 
motor units in the soleus muscles by stimulating the L4 spinal 
nerve root and recording stepwise increases in muscle tension 
from motor unit recruitment.45 Their results indicated that 
motor unit sizes were larger with one motor axon remaining 
than with five and eight motor axons remaining. 

Studies of the muscles of monkeys partially denervated by 
spinal nerve section yielded results that were different from 
the results of experiments with animals other than primates. 
Edds and Small reported only moderate and incomplete 
reinnervation of endplates in the muscles of monkeys that 
were slightly paretic and no collateral reinnervation of muscles 
that were severely paretic after spinal nerve section.19 Conse
quently, the findings involving nonprimates may not apply 
completely to primates; humans may not demonstrate axon 
sprouting to the same extent or at the same rate as nonpri
mates. 

Histological studies of PD muscles have provided indirect 
evidence of axon sprouting by demonstrating fiber-type 
grouping (the dominance of slow oxidative fibers [type I] or 
fast glycolytic fibers [type II] in a given area). In normal 
skeletal muscles, the type I and type II fibers are intermingled. 
Fiber-type grouping observed in PD muscles is thought to 
result when normal axons claim denervated muscle fibers 
with collateral sprouts.46,47 The adopted fibers then take on 
the histochemical staining characteristics of the muscle fibers 
innervated by the parent motor axon. Kugelberg and associ
ates found fiber-type grouping in rat tibialis anterior muscles 
partially denervated by lumbar nerve section.46 Bernat and 
associates reported fiber-type grouping in a patient with a 
herniated disk and subsequent compression of the S1 spinal 
nerve root and SD of the extensor hallucis longus and triceps 

surae muscles.47 Thus, fiber-type grouping provides support
ive evidence for axon sprouting and reinnervation of dener
vated muscle fibers. 

Electrophysiological studies also have provided evidence 
that normal axons in PD muscles sprout to reinnervate sur
rounding denervated muscle fibers. Most of these studies, 
involving both animals30 and humans,35,47-49 have relied on 
electromyographic measurements of the voltage (amplitude) 
of motor unit action potentials (MUAPs) to document this 
reinnervation. Although the amplitude of a MUAP is affected 
by the distance of the recording electrode from the motor 
unit, the amplitude also is influenced by, and is a function of, 
the number of muscle fibers in the pick-up zone that belong 
to the motor unit. Increases in MUAP amplitude, therefore, 
may indicate increases in the number of muscle fibers in a 
given area belonging to a single motor unit. Collateral sprout
ing is a plausible explanation for larger MUAP amplitudes. 

Van Harreveld observed that L5 spinal nerve stimulation 
evoked larger MUAPs in rabbit sartorius muscles that were 
partially denervated, by L6 and L7 spinal nerve section several 
weeks previously, than in the normal sartorius muscles of the 
contralateral (control) limb.30 In one rabbit, the amplitudes 
were particularly divergent, 10.9 mV and 1.7 mV in the 
experimental and control muscles, respectively. 

Erminio and associates48 demonstrated findings in humans 
with chronic partial denervation that were similar to those 
reported by Van Harreveld. Although Erminio and associates 
did not include patients with partial denervation secondary 
to nerve root compression, they did report increased MUAP 
voltage in relation to the severity of the paresis in patients 
with amyotrophic lateral sclerosis and in patients with periph
eral nerve injuries. They found greater voltage increases in 
amyotrophic lateral sclerosis than in peripheral nerve injuries. 
They also demonstrated that the voltage increases after pe
ripheral nerve injuries were greater eight months after the 
injury than three months after the injury, suggesting that 
motor unit sizes may increase with time. The mean maximum 
voltage of six motor units in the biceps brachii muscles 
examined more than eight months after peripheral nerve 
injury was between 600 µV and 2,000 µV more than 90% of 
the time. The mean amplitude of six motor units from normal 
bicep brachii muscles, however, was below 600 µV more than 
90% of the time. Even though none of the peripheral nerve 
injuries were described specifically as resulting from SNRC, 
spinal nerve roots are peripheral nerves and should respond 
by sprouting in a similar manner. 

McComas and associates conducted EMG studies on the 
extensor digitorum brevis muscles of patients with partial 
denervation, some of whom had SNRC lesions.35 They re
ported that a group of patients, including some with muscles 
partially denervated secondary to prolapsed intervertebral 
disks, had mean MUAPs significantly larger than those of 
controls (94.7 µV vs 28.9 µV, respectively). Bernat and Ochoa 
also demonstrated unusually large MUAPs in a patient with 
PD muscles secondary to a herniated disk.47 Eisen and Hoirch 
found MUAPs of high amplitude and long duration during 
voluntary activity in human limb muscles two or more 
months after the development of SNRC lesions.49 

The combined results of these electrophysiological studies 
provide additional support for axon sprouting as a compen
satory mechanism and suggest that axon sprouting may be 
progressive. The amount of sprouting appears to be related to 
the extent of the injury and the time elapsed after injury. 
Thus, the SD with chronic SNRC may be more difficult to 
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recognize than with acute compression because of increased 
adaptation over time. 

Muscle Hypertrophy 

The importance of muscle size to muscle strength is well 
established.50 Increases in overall muscle size as a result of 
increases in individual muscle fiber size, therefore, may be 
important in maintaining or recovering strength in muscles 
partially denervated by SNRC. Numerous studies have dem
onstrated hypertrophy in PD muscle, but their results are not 
always consistent. Thompson and Jansen described two sizes 
of muscle fibers in rat muscles partially denervated by nerve 
root section: 1) uniformly large fibers that were larger than 
normal fibers and 2) scattered fibers that were smaller than 
normal fibers.51 They hypothesized that the large fibers re
sulted from hypertrophy of innervated fibers and that the 
smaller fibers were denervated. They concluded that hypertro
phy contributes partially to the increased contractile strength 
of the muscle fibers of the surviving motor units, but that the 
addition of more muscle fibers to the motor unit through 
axon sprouting is responsible primarily. Similarity, Van Har-
reveld described increased fiber size as a factor in the recovery 
of muscular force development after spinal nerve section in 
rabbits.30 He suggested that hypertrophy might be responsible 
for increases in muscle strength after more than two months 
after spinal nerve section, when most of the reinnervation in 
these animals is complete. The findings of Weiss and Edds, 
however, may suggest a different time frame.44 They reported 
that decreases in rat muscle weight after one week of partial 
denervation from spinal nerve section were less than would 
be expected from the loss of innervation. They further re
ported that the trend of decreasing muscle weight eventually 
"reversed and the muscle regains part or all of its previously 
lost weight and strength."44(p602) 

Bernat and Ochoa reported hypertrophy (primarily of type 
II fibers) of the gastrocnemius muscle of a patient with partial 
denervation from SNRC secondary to a herniated disk.47 

Lapresle and associates52 and Mielke and associates53 reported 
hypertrophied muscle fibers in the gastrocnemius muscles of 
patients with herniated disks but, unlike Bernat and Ochoa, 
both research groups found type I fiber hypertrophy primarily. 
Based on the results of these studies, the possibility that 
hypertrophy contributes to the recovery of the strength of PD 
muscles seems likely. The specific fiber type that demonstrates 
hypertrophy, however, may depend on the dominant fiber 
types in the muscles and possible changes in fiber types after 
reinnervation from axon sprouting. Clearly, more research is 
needed to determine these relationships. 

EVALUATION 

Complete and accurate information about the SD resulting 
from SNRC is necessary before a physical therapy regimen is 
planned. In addition to evaluating the symptoms of sensory 
involvement that may or may not accompany motor involve
ment, knowledge about SD can be gained by investigating the 
history of the signs of SD, by the accurate assessment of 
muscle strength, and by the application by physical therapists 
of electrophysiological tests available to them. 

A complete medical history, obtained by interviewing the 
patient, should identify any problems in motor capacity, 
including those brought about by fatigue. Lieberman and 
associates reported several examples of patients with SNRC 

lesions whose "fatiguing muscle weakness" became apparent 
only when their affected muscles underwent repeated maxi
mal contractions.54 As the authors pointed out, these SDs are 
important because they may be manifested during daily activ
ities of extended duration, but not during brief manual muscle 
tests conducted in the clinic. That muscle SDs may be mani
fested during endurance activities suggests that clinicians 
should include in their patient interview questions about the 
patient's functional performance. The examples cited by Lie
berman and associates related to "on-the-job" performance; 
more common examples might be the occurrence of foot slap 
with prolonged walking or complaints of unilateral limb 
fatigue during bilateral limb activities. 

After a complete medical history is obtained, the status of 
the patient's muscle strength should be documented objec
tively. Woolf proposed that clinical assessments of muscle 
strength often fail to demonstrate deficits in cases of partial 
denervation.55 This failure may result, in part, because of 
mechanisms of compensation for partial denervation, as dis
cussed previously. The lack of demonstrated SDs also may 
reflect the inadequacy of tests used to assess muscle strength. 
Manual muscle test scores, which are important sometimes 
for decisions about surgical intervention,56 may not be sensi
tive measures of muscle strength.57"61 For example, in testing 
the muscle strength of children with poliomyelitis, which often 
results in partial denervation, Beasley found that manual 
muscle testing failed to identify knee extension SD when 
strength was only 50% of normal.58 More specifically, Beasley 
reported that knee extension "differences of the order of 20 
to 25 percent are not distinguished in the range of forces from 
about 30 to 50 lb."58(p40) More recently, Griffin et al docu
mented a similar insensitivity of manual muscle tests to 
changes in muscle strength.61 This lack of sensitivity associ
ated with manual muscle testing points to a need for more 
precise methods, that can be applied conveniently, for assess
ing the muscle strength status of patients suspected of having 
SNRC lesions. 

Force dynamometers that provide specific ratio measure
ments of muscle strength are available.57-64 If dynamometers 
are used, muscle SD not noted otherwise may become appar
ent.57,64 These measurements could provide objective valida
tion of changes associated with surgical or conservative inter
ventions.56 Because SNRC lesions often are unilateral, dyna
mometer measurements from one side can be compared to 
the other side. The normal variation in muscle strength be
tween sides, however, has not been documented for many 
muscle groups. Among some of the exceptions are the knee 
flexor and extensor muscles and the ankle invertor and evertor 
muscles of the lower extremity. Several muscle groups of the 
upper extremity also have been examined. Wyatt and Edwards 
reported that dominant and nondominant knee torque values 
differed significantly for men, but not for women.65 In com
paring the torque production of the ankle invertors and 
evertors, Wong and associates found that the only difference 
between sides was in the evertor muscles of women tested at 
30°/sec.66 In the upper extremity, Van Swearingen found that 
dominant wrist muscle strength was greater than nondomi
nant wrist muscle strength.67 Murray and co-workers de
scribed "unimpressive" differences in shoulder muscle 
strength between the dominant and nondominant sides.68 In 
a study of 10 muscle groups of the upper extremity in young 
women, Bohannon found a significant difference in strength 
between sides for only 3 of the 10 tested muscle groups.69 In 
comparing muscle strength values between sides, the normal 
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variability between the dominant and nondominant sides 
warrants consideration. 

In addition to measuring muscle strength, dynamometers 
also may prove beneficial for assessing fatiguing SD; dyna
mometers with muscle force or torque readouts can be used 
to document the reduction of force with repeated contrac
tions.63 When used for this purpose, the rate at which a muscle 
fatigues (diminishes in force production) during repetitive 
maximal contractions, should be considered. The results of 
studies with healthy persons have demonstrated that the rate 
of reduction in force during maximal isokinetic contractions 
is correlated positively with the initial strength of the mus
cles.70,71 Therefore, muscles with SDs may demonstrate a 
slower reduction in torque production with repeated contrac
tions than stronger muscles.72,73 Some methods of measuring 
endurance73 may not be sensitive to problems of endurance, 
however, unless interpreted with this tendency in mind. The 
capacity of individuals to sustain a critical level of muscle 
force production, or to perform a functional activity for a 
specified period of time or number of repetitions, may be a 
more practical test of muscle fatigue. 

Whether for measuring strength or endurance, dynamom-
etry is gaining recognition as an objective method for quan
tifying muscle performance. Given its objectivity, dynamom-
etry can be used not only to document SDs, but to document 
the probable lack of pathological deficits as well.74 Knutsson 
and Martensson reported three findings of isokinetic muscle 
testing that are observed rarely in patients with verified pe
ripheral lesions: 1) large variability in torque with repeated 
tests, 2) higher torque at higher velocities than at lower 
velocities, and 3) knee flexion torque less than should be 
expected to result from the weight of the leg and dynamometer 
lever arm.74 Because patients with neck and back complaints 
are involved sometimes in litigation, the discriminatory po
tential for dynamometry can be important. 

Electrophysiological tests can be used to identify further 
the status of muscles identified as weak by tests of strength or 
endurance. That is, they can be used to identify whether SDs 
are the consequence of axonotmesis or neurapraxia of the 
supplying nerve root. If axonotmesis is extensive, sufficient 
denervation will result so that EMG activity will demonstrate 
the presence of fibrillation potentials from the denervated 
muscle fibers. According to Johnson and Fletcher, however, 
neither the presence of these potentials nor positive wave
forms can be used to indicate progressive or irreversible SDs.75 

They suggested, therefore, that the evoked M response (re
corded from surface electrodes overlying a muscle when the 
motor nerve to the muscle is stimulated) should be used to 
distinguish SDs resulting from axonotmesis and neurapraxia. 
When SDs result from neurapraxia, the M response of the 
paretic muscle (stimulated distal to the nerve root lesion) 
"approximates" that of the contralateral homonymous mus
cle, whereas in a PD muscle, it does not.75 Unfortunately, the 
authors did not define the limits of approximation; they did 
not publish the normal variability between the M waves of 
contralateral homonymous muscles. Nevertheless, the differ
ence between the evoked M waves should provide semiquan
titative and qualitative information. 

Information similar to that obtained from examining the 
M response can be obtained by comparing the maximum 
electrically evoked tensions (twitch or tetanic) of weak muscles 
with the corresponding muscles on the contralateral side, or 
with the same muscle in healthy individuals.28,76 Although the 
controlled measurement of evoked tensions described by 

Miller28 and Stefanova-Uzunova et al76 may not be common 
in clinical practice, differences in the response of weak muscles 
and normal muscles to tetanizing electrical stimulation can 
be noted in cases where partial denervation is suspected. By 
using electrical stimulation in conjunction with muscle force 
dynamometry, the presence of denervation can be confirmed. 
These procedures have not received considerable attention in 
the literature; nevertheless, they may be more effective than 
EMG for documenting the extent of denervation. One of the 
authors of this article (R.W.B.) has used electrical stimulation 
in conjunction with both hand-held dynamometers and iso
kinetic dynamometers for this purpose. 

REHABILITATION 

Exercise, whether voluntary or the result of electrical stim
ulation, is the basic procedure used by physical therapists to 
assist the recovery of strength in a weakened muscle, and 
exercise probably is valuable for patients with SNRC lesions. 
Unfortunately, most of the evidence supporting the applica
tion of exercise is from studies in which muscles were partially 
denervated secondary to factors other than SNRC. Histori
cally, resistance exercises have been reported effective for 
increasing the muscle strength of patients with poliomyeli
tis.77"80 For example, Krusen found that patients with polio
myelitis could increase their one and five repetition maxi
mums by more than 300% after 12 weeks of training.79 Muller 
and Beckman demonstrated that the isometric strength of PD 
muscles increased from 24% to 64% of the contralateral sound 
side after 10 weeks of training.80 This training response led 
Muller and Beckman to conclude that "a paralyzed muscle is 
really a normal muscle with a reduced number" of functioning 
fibers.80(p145) Lenman investigated specifically the effects of 
muscle strengthening exercises in patients with SNRC le
sions.81 He reported significant strength increases (range, 
46%-176%) after exercise in three patients with triceps brachii 
muscle SD secondary to SNRC lesions. 

What kind of exercises are most effective for increasing the 
strength of PD muscles? Both isotonic and isometric exercises 
have been used successfully, but specific details remain to be 
determined. A comment by Johnson, that the application of 
eccentric muscle contractions for rehabilitation "shows some 
promise,"82 however, is worthy of consideration. Patients who 
can develop a specific level of force production during slow 
concentric contractions can generate substantially more force 
during slow eccentric contractions.83 Because the intensity of 
force production is a critical factor in muscle strengthening,84 

the eccentric-concentric difference may be important. If a 
paralyzed muscle is really a normal muscle with a reduced 
number of functioning fibers,80 the application of training of 
"adequate" duration and frequency84 may be critical if max
imum strength gains are to result. We do not know, however, 
what constitutes adequate for paretic muscles. Excessive ex
ercise may be harmful. Bennett and Knowlton reported that 
decreased strength and endurance can result from specific 
overuse of paretic muscles.85 They and another author86 re
ported specific cases in which repetitive exercise led to greater 
SDs in paretic muscles. Lundervold and Seyffarth concluded 
from their observations that excessive exercise may be harm
ful if applied in the earlier stages immediately after the onset 
of the paresis.87 They suggested that because the strength of a 
muscle contraction can be maintained for some length of 
time, "there is little lost by postponing the commencement of 
active therapeutic training exercises. "87(p84) 
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Further evidence documenting the response by PD muscles 
to training has been provided by animal experimentation.87,88 

Herbison and associates found that PD rat soleus muscles 
trained by electrical stimulation of their partially sectioned 
nerves showed subsequent increases in twitch and tetanic 
tensions.88,89 In one experiment, maximal tensions in the 
muscles that were stimulated for two, four, and eight hours a 
day were not significantly different.89 In another experiment, 
tensions in the muscles stimulated for four hours a day were 
greater than tensions in the muscles stimulated for two hours 
a day.88 The muscles stimulated for two hours a day, however, 
showed greater tensions than the muscles stimulated for eight 
hours a day. These results indicate, in accordance with re
search on humans with partial denervation, that beyond a 
critical level, more time exercising may not further strengthen 
weak muscles. Another finding that reinforces the recommen
dations based on observations of patients, is from an experi
ment on rats whose muscles were partially denervated by 
sciatic nerve crush and overloaded by excision of synergistic 
muscles.90 These results showed that rat muscles overloaded 
three weeks after nerve crush had increased muscle protein 
and size compared with the controls, but rat muscles over
loaded two weeks after nerve crush had decreased muscle 
protein and size compared with the controls. The authors 
hypothesized that the intensity of effort per contractile unit is 
important and that a "critical level of intensity spells the 
difference between 'overwork' deterioration of performance, 
as against physiological recovery and hypertrophy."90(p203) 

Herbison and associates' conclusion about appropriate ac
tivity levels in patients with peripheral neuropathies is that 
"long duration-low intensity activity does not adversely affect 
muscle," but that patients with substantial partial denervation 
should be "discouraged from performing moderately intense 
to intense, prolonged activity."91(p201) The implications of 
overwork SDs are that physical therapists should limit the 
frequency and the duration of exercise regimens and counsel 

patients not to continue with activities beyond the point of 
fatigue. Dynamometer monitoring may be valuable in deter
mining whether overwork SDs of more than a transient nature 
are occurring. If SDs residual to exercise are threatened or 
real, patient work or leisure activities may require modifica
tion. Bracing or splinting for support also may be indicated; 
such support may be important particularly when muscle 
imbalances provide a foundation for the development of joint 
contractures.92 Splinting over long periods of time, however, 
may prevent functional strengthening of reinnervated muscle 
fibers.7 The challenge to physical therapists is to develop and 
apply objective and complete methods for evaluating SDs 
associated with SNRC lesions. As a result, patients can be 
offered the most appropriate therapeutic interventions. 

CONCLUSION 

Spinal nerve root compression lesions that affect motor 
fibers and cause muscle SDs may be more common than 
realized previously. The lack of awareness that SDs may exist 
with SNRC manifested by sensory disturbances, that biolog
ical mechanisms can compensate for SDs, and that insensitiv-
ity of common procedures exists for assessing muscle strength, 
probably contribute to clinicians' difficulty in recognizing the 
SDs. Minor SD may be of little consequence if unnoticed, 
although it often is present in sedentary individuals. In per
sons, however, who use affected muscles for repetitive, pro
longed, or strenuous activities, the compromised functional 
ability may produce serious problems. Physical therapists, 
therefore, should consider muscle performance in these types 
of activities. Because the body has natural compensatory 
mechanisms, changes in muscle strength may not necessarily 
be the result of rehabilitation efforts, although such efforts 
probably are beneficial if conducted cautiously. If therapeutic 
exercises are used to increase muscle strength, they should be 
applied with attention to preventing overwork SD. 
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