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Overwork Weakness
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The degree of recovery of muscle strength lost through disuse, disease or trauma depends not only on
the site and the extent of irreversible damage to the systems of the body but also on the ability of the
patient specifically to contract the involved muscles against increasing resistance. In effect, this means
that it takes muscle work to get muscle strength. Because of this, exercise to regain effective muscle
strength is a common medical prescription. This prescription may be quite specific and limited to the
strengthening of one muscle or a group of muscles, or it may consist of general directions regarding the
patient's daily activities at home, in school or on the job. Unfortunately, muscular activity, whether
specific or general, may result in loss of muscle strength if the work load is excessive and prolonged. In a
Harvey lecture given before the New York Academy of Medicine in February 1906, Lee3 pointed out that
moderate activity promotes self-preservation, while extreme activity can result in self-destruction. In this
paper we are concerned with "self-destruction," but only as it applies to skeletal muscle. We certainly are
not attempting to discuss the effects of fatigue on the various systems of the body, nor are we even
attempting to discuss the effects of fatigue on skeletal musculature. We are concerned with overwork to
specific muscle groups as a result of specific exercises or activities. We feel that it is possible by continued
voluntary activity to overuse a muscle to a point where long-lasting impairment of that muscle results.
In our clinical experience we have seen repeated examples of severe and prolonged loss of muscle strength
following specific overuse of the muscle involved. We have caused this deterioration of strength under
controlled experimental conditions. We believe that this loss of strength under these conditions may be
rightfully thought of as overwork weakness.
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Overwork weakness may thus be defined as a prolonged decrease in both the absolute strength and in
the endurance of a muscle subsequent to a period or periods of work. To be considered as overwork
weakness this impairment must be long lasting as compared with the transient performance decrement
normally following any moderately heavy work bout. Overwork weakness is certainly not a new and
original finding. Lovett,4 in his survey of his experience with victims of the 1913 Vermont polio epidemic,
repeatedly found that activity caused deterioration rather than the expected and usual improvement in
muscle strength. He noted that these occurrences could be correlated with the activity of the individuals;
the more active seeming to be more subject to such deterioration. Lundervold and Seyffarth? have
described the results of voluntary activity upon recovery from experimental pressure paresis and noted
that attempts at heavy exercise delayed recovery.
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It must be admitted, however, that the question of overwork is controversial. Many highly capable men
in the field of medicine and its supporting sciences do not agree that muscle can be overworked through
voluntary effort. Therefore, we must attempt to answer the question of why the possibility of overwork is
not recognized more generally. Terminology is an immediate stumbling block. There is more agreement
in fact than in terminology concerning the overuse of muscle. Most of this disagreement involves the use
of the word "fatigue." To some, this is the sensation aroused by repetitive activity. To others, it is the
performance decrement occurring during a work bout. Others may use the term "fatigue" as synonymous
with exhaustion. The physiologist uses the word "fatigue" as meaning failure of performance in the face
of adequate command. Bartleyl has recently reviewed these semantics. Actually, overwork, as it occurs,
has no necessary relationship to any of these connotations of "fatigue." It must be emphasized that
exercise carried to a feeling of tiredness has but little relationship to overwork. In fact, the normal

individual responding to the disagreeable sensations of fatigue is in little danger of overwork. Thus, much



of the apparent disagreement concerning overuse of muscle disappears if one either does not use the word
"fatigue" or else defines the meaning intended in a particular use of this term.
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As stated previously, the effects of exercise on muscle depend on the intensity and duration of the work
performed. The two diametrically opposed effects, performance improvement and performance
deterioration, depend on quantitative differences in the intensity and duration of work for a given muscle.
Thus, with too little exercise there is deterioration due to disuse. With more exercise there is improvement.
But if the work program is increased too much, again there is deterioration. The average individual has
no need for a greater performance ability than suffices for his activities of daily living. These requirements
are almost always below the top potential of muscle performance; therefore, most of us are working on
the disuse side of our muscle-work relationship. In most individuals, any reasonable training program
will produce an increase in muscle strength and endurance. This is such a universal finding that there is
a tendency to reject automatically the concept that exercise could ever be undesirable. As will be pointed
out later, it is quite simple to differentiate between a muscle weak from disuse and a muscle weak from
overwork. An exercise program producing rapid improvement in a muscle weak from disuse will obtain
no such response and may actually cause further weakness in the muscle weakened by overwork.
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Another factor contributing to the lack of acceptance of the possibility of overwork is Sherrington's?
concept of a fuselike function of the neural synapse and myoneural junction. According to this concept,
there is a well-ordered sequence of failure in the neuromuscular pathways. The first point of failure in
transmission of impulses to the muscle fiber occurs at the anterior horn cell synapse. This means that
the lower motor unit cannot be damaged from overactivity through voluntary efforts because with
overactivity the synapse would fail first, and thus the motor unit would be protected from the effects of
this overactivity. This concept is almost universally accepted in spite of the fact of evidence to the contrary.
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The question that we must answer is this: Does muscle strength during a period of overwork decrease
before there is a decrease of impulses to the muscle from the nervous system? If it does, then the bout of
overwork is producing its strength-loss effect at the muscle, and the synapse is not giving complete
protection to the muscle. Mosso8 was the first to show that in repetitive voluntary muscular contraction
the motor nerve impulses to the muscle gradually increase as the muscle responses decrease. He pointed
out that a curve of the nervous effect was a reverse of the muscle performance. This finding has been
confirmed by electromyographic recording of the muscle action potentials during repetitive activity.2
Further-more, Merton? has recently shown that the strength of contraction on voluntary effort and the
strength of contraction on electrical stimulation is the same. This was true whether the comparison was
made on a rested muscle or on a muscle tired from repetitive activity. Thus, two separate types of
observations show that the acute performance decrement during voluntary activity is the result of failure
in muscle contractility rather than of failure in the neural pathway. This negates the concept that a
fuselike function of the synapse and/or the myoneural junction prevents the muscle from voluntary
overuse. It seems, therefore, that there is no valid theoretic argument against the concept of overwork
weakness as we have originally defined it.
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The incidence of overwork weakness is difficult to determine. Certainly, abrupt, severe and prolonged
loss of strength in muscles obviously overused in known activity is not commonly seen. Such specific and
profound weakness would demand changes in the patterns of use of a bodily segment that could be
detected rather easily by the trained physician and probably by the patient himself. In a random study,
at Warm Springs Foundation, of patients with muscular weakness following nervous system disease or
trauma, an incidence of 1.6 per cent of such dramatic loss of strength was found. Admittedly, these
patients could be reasonably expected to have more than average susceptibility to overwork. However,
this figure of incidence must be considered high if we realize that it represents only patients in whom a
severe loss of muscle strength occurred in easily tested muscle groups which could be reasonably
attributed to known periods of overuse of the involved muscle. In all of these patients disease or trauma
had caused severe initial loss of strength in individual muscles, and recovery of at least functional grades
of strength had followed long periods of muscle re-education. A few specific instances will illustrate the
occurrence of decrease in strength of specific muscles associated with a period of increased muscle
activity.
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Case I. A boy had anterior poliomyelitis at the age of 11 years. He was admitted to Georgia Warm

Springs Foundation 1 month after the acute onset when he was found to have moderate to severe



weakness of the right lower extremity. During the next 6 weeks improvement was such that the child was
fitted with a right short leg brace and dismissed to his home with carefully outlined routines which
included limitations of his standing and walking activities. At this time the right triceps surae was graded
poor plus (P+) standing. During the next 6 months the routines were carefully followed at home, and an
outpatient visit showed that at 11 months postpolio the individual could come up on right tiptoe 10 times
with ease. The right peroneals were now at a good plus (G+) level. The brace was discarded at this time.
The next 6 years of the patient's medical history were uneventful. He could walk without a limp and
progressed through the years of his rapid adolescent growth without mishap. Then at the age of 19, 8
years postpolio, he reappeared as an outpatient with the complaint that his right leg seemed to have
become weaker. Examination showed that the right triceps surae was now at a poor plus (P+) level and
the right peroneal at fair plus (F+) to good minus (G-). He could not come up onto right tiptoe even once
and walked with a pronounced limp. Questioning revealed that this weakness had become apparent to
him only during the last several weeks and seemed to be the culmination of a series of events which had
their beginning a year before, when at 18 he had started college, had gone out for freshman football in
the fall and for tennis the next spring. His tennis was so good that he decided on intensive training during
the summer and took a job as grounds keeper for a tennis court, where, in addition to the work, he had
the opportunity to play tennis. Toward the end of the summer he noticed the weakness of the right leg.
Institution of a more conservative regimen with return to the use of a short leg brace resulted in only
mild improvement of the right triceps surae muscle.
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Case 2. Aboy had anterior poliomyelitis at the age of 6 months. During the next 4 years he had physical



therapy and surgery so that at the age of 5 years he had no apparent residual effects of his polio and was
completely brace free. He grew to young manhood and started in business with a partner. This business
was just well underway when the partner was drafted into the Army, and the patient undertook to keep
the business going by himself. This entailed a considerably increased work load. After 6 months he found
himself limping, ordered himself a short leg brace from some mail-order firm and tried to continue his
work pace. At first he used his brace only intermittently but in 3 years found that he required the brace
full time. After a year of this he appeared as an outpatient seeking help. Unfortunately, the long period
of 4 years had reduced the muscle strength of the right triceps surae to such an extent that there seemed
little left to work with. He was fitted with a somewhat more suitable brace than the mail-order version
and has made no significant improvement in the strength of the right triceps surae, which had been
functional for a period of 20 years.
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Case 3. A housewife had anterior poliomyelitis at age 32. She was admitted to Georgia Warm Springs
Foundation 6 months after the acute onset. The arms, the forearms and the hands were of functional
strength except for the intrinsic muscles of the right thumb where the opponens pollicis was graded good
minus(G-) to good (G). In contrast, the left opponens pollicis was graded good plus (G+) to normal (N).
She was an inpatient for 3 months during which time a full course of functional training was completed.
At the time of dismissal the right opponens was graded good (G), the left opponens pollicis was graded
normal (N). A year later this individual reappeared as an outpatient complaining of weakness of the left
hand. During the year she had had a baby and had done all her own housework. Because of the right-
hand weakness she had been trained to use her left hand in most of her activities. The left opponens
pollicis now had a grade of trace (T) and the right opponens pollicis a grade of poor minus (P-). A rest
regimen was prescribed, and examination 6 months later showed the left opponens to be graded fair plus
(F+) and the right poor plus (P+). In the following 2 months, still on a conservative regimen, both muscles
returned to a grade of good (G).
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These 3 examples of the advent of muscle weakness following upon muscle exercise are typical in that
they occurred outside the realm of medical supervision and progressed in an insidious manner to a
marked weakness before the patient became fully aware of the situation. The next 2 examples are in
contrast with those just cited; they will be seen to have occurred under what was thought to be adequate
supervision or activity.
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Case 4. A young man, aged 16, fractured his cervical spine diving into a shallow pool. Laminectomy at

C-5 and C-6 was performed revealing severe damage at this level. Eight months postaccident, he was
admitted to Georgia Warm Springs Foundation for rehabilitative procedures. His radial wrist extensors
had good strength and control while he had no control of finger flexors. During the first month of his
hospitalization at Georgia Warm Springs Foundation he was fitted with hand splints designed to transfer
the power from wrist extension to finger flexion. These worked well for about 6 weeks, when the patient
complained that the wrist extensors were getting too weak to power finger flexion. Discontinuance of the
splints resulted in minimal increase in wrist extensor power but the patient was finally discharged
without the splints and with no desire for them.
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Case 5. A man had anterior poliomyelitis at the age of 31 years. Two months later he was admitted to
Georgia Warm Springs Foundation for treatment. The particular muscle that concerns us here is the right
biceps femoris which on admission had a strength grade of poor (P). Under a regimen starting in a
conservative manner and progressing to functional training this muscle advanced to a grade of fair plus
(F+) in about 5 months. At this time he could lift 40 ounces with this muscle. He was then given a bout of

exercise in which he made 26 consecutive lifts of a load of 32 ounces. After a 15- minute rest he could not



lift 24 ounces but made 25 consecutive attempts at lifting this weight. One week later his maximum load
for this muscle was 24 ounces, which he could lift once. After another week his maximum load was still
24 ounces, which he could lift 3 times. Eight months later his maximum lift was 43 ounces, only 3 ounces
above what it had been a year before and before the particular exercise bouts mentioned above. This is
an instance of an abrupt and long-lasting loss of strength following upon a specific bout of exercise.
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What effect overwork had on the failure of other patients to recover at all following acute illness or
trauma is difficult, if not impossible, to say at this time. Since it is not always easy to quantitate precisely
the extent of irreversible damage done to the central nervous system by primary disease or trauma, it is
easier to excuse our failures on underlying pathology than to accept the possibility that prescribed or
permitted activity could be a major factor in the failure of recovery.
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The reasons why we would expect a high incidence of overwork weakness in patients with partial
denervation of skeletal musculature can be explained best by the very reasons that we would expect a
very low incidence of overwork weakness to develop in normal individuals. As previously stated, the
average individual has neither the need nor the desire for a greater performance ability than is sufficient
for his daily activities. For special athletic performance, or for special jobs, such as combat military duty,
individuals are given training programs to increase strength and endurance. The success of these
programs indicates that the general population, due to disuse, lacks muscle strength and endurance.
Muscular performance that seems astounding might be almost commonplace if the general population

were inclined to greater physical effort. The extent of this can be illustrated from the results obtained



from a control subject in a training regimen. The training was directed to the wrist extensor group and
consisted of daily exercise bouts wherein the trainee made 250 maximal lifts of a load, the weight of which
was just over the weight of the optimal load (the load to give maximum work in a single lift). The total
work done in the 250 lifts was used as a measure of performance. In the trials of the first week of training
the total work for each day averaged 80 kilogram-meters. The training period lasted 20 weeks. The
average work output per work bout during the final training week was 484 kilogram-meters—a
performance improvement of 600 per cent. Thus, disuse weakness may be said to be an almost universal
condition, and the average individual is far from an overwork level in his usual daily activities.
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An important deterrent to overwork is the feeling of tiredness that results from repetitive muscular
activity. This sensation seems to result from an interpretive synthesis of a variety of information which
includes afferent impulses from the active muscle, associated memory and associated input from the
cortical motor areas. These several input sources can have a great number of combinations that can lead
to a sensation of tiredness that reaches the threshold of work refusal. For instance, the mere thought of
a task can leave some individuals prostrate. On the other hand, the same individual, in a different
situation, may carry out repetitive activity to a point of extreme muscle failure without awareness of
tiredness.
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It is well known that the normal muscle cannot be commanded to expend energy at a rate beyond the
capacity of the muscle circulation to provide replacement and remove waste products. The detector
mechanisms and the afferent pathways which convey such information concerning these events have not
been described precisely but certainly involve pain pathways when a certain depletion level is reached.
This information is an important part of the afferent input leading to a feeling of tiredness. At least in
part, tiredness must depend on a discrepancy of muscle work capacity and muscle blood supply. One of
the chief effects of endurance training is improvement in muscle circulation." The patient with partial
denervation of skeletal musculature resulting from a neuromuscular disease, such as poliomyelitis, has
an available blood supply to the remaining muscle fibers far greater than existed normally. This would
tend to minimize the anoxic complaint of tired muscle and thus tend to limit the protective aspects of
disagreeable fatigue sensations.
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The total proprioceptive information yield from an active muscle is also important to the feeling of
tiredness. In some way this is correlated with the amount of motor activation required to produce the
movement. It was pointed out previously that in repetitive effort there is a gradual increase in the
innervation effort required to produce a given response of the muscle. It has been shown that in control
subjects there is a definite relationship between the innervation effort and the refusal point for a work
load. In general, the refusal point is reached when the innervation effort required is approximately double
that needed at the start of the exercise routine. The average individual seems to be conditioned to expect
a certain relationship between effort and response. When the innervation effort reaches a certain
disparity with the response produced, the individual says that he feels tired.
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If the factors enumerated above account for the low incidence of overwork weakness in the average
individual, it is not difficult to see that they might well be the very reasons for the high incidence of
overwork weakness in individuals susceptible to overwork because of neuromuscular disease or trauma.
These factors may be summarized by stating 5 situations that alone or in combination could lead to
overwork weakness; (1) when the repeated demands on a muscle equal or exceed the maximum strength
and endurance; (2) when the maximum work output of the muscle does not challenge the muscle
circulation; (3) when the individual is conditioned to tolerate a high disparity between innervation effort
and extent of response; (4) when initial innervation effort is so great that incremental increases are below
the least detectable difference; (5) when motivation for performance is so great as to negate the sensation
of tiredness. Each one of these situations is far more likely to exist in the individual with a partially
denervated muscular system.
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This discussion of overwork weakness would be of academic interest only if such weakness could be

neither prevented nor favorably treated. Fortunately, we have both the means of preventing as well as of



treating most instances of overwork weakness.
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Prevention requires, first, that the physician accept the dangers of overwork and then prescribe
exercises or permit activities that can reasonably be expected not to overwork the muscles that must take
part. To write such a safe prescription requires the physician to be able to test accurately muscle strength
and to anticipate the effect of his prescribed activities on muscles of limited strength and endurance. The
trained physician has little difficulty in writing this prescription when dealing with the large muscle
groups of the body, as they are, for the most part, easily tested, and their function is well known.
Unfortunately, the danger of overwork is greatest in those muscles not easily tested. The intrinsic muscles
supporting the vertebral column, so essential to spinal alignment, are excellent examples of muscles that
are difficult to test and whose functional anatomy is not completely understood. Recognizing our limited
abilities to analyze accurately the strength and the use of these muscles makes it doubly necessary to
protect them by proper support and limitation of activity in all positions and movements that might
require their use.
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One of the greatest dangers of overwork is to those muscles so severely involved by the primary
neuromuscular lesion that even the simplest demands on them constitutes the possibility of overwork.
We have no evidence that overwork weakness can occur more easily during the recovery phase of a
neuromuscular disease, but it might be assumed that the weaker the muscle is the easier it should be to
overwork through apparently innocuous activity.
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The diagnosis of overwork weakness is not difficult. This weakness is characterized by: (1) decreased
strength and endurance that can be reasonably related to specific overuse; (2) failure to regain strength

with specific exercise.
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Decreased strength in specific muscles can be picked up by repeated muscle testing, but, in most
instances, it is first noted by an altered pattern of movement of bodily segments during activity. As the
muscle becomes weaker and incapable of performing adequately in a usual pattern of movement, the
patient consciously or unconsciously alters this pattern to continue his activity. Such alterations of
patterns should be considered evidences of increasing weakness of muscle groups, and these muscles
should be specifically tested for loss of strength. Decreased strength must be reasonably related to specific
overwork of muscle groups in known activities. Before the physician can make a diagnosis of weakness
due to overwork, he must, of course, rule out the other possible causes of muscle weakness. Loss of muscle
strength, seemingly directly related to overwork, could be due to increasing weakness of a progressive
neuromuscular disease. This might demand revision of the initial diagnosis or it might indicate that a
second disease is complicating the initial problem. In a disease such as poliomyelitis, characterized by
isolated and spotty denervation of motor units, it is common to find decreasing strength as the denervated
muscle fibers degenerate and are replaced by fatty tissue. This fatty tissue acts as an absorbing material,
limiting tension in the muscle when the islands of intact muscle contract. This loss of strength is usually
seen between the third and the sixth months following the acute onset of poliomyelitis. Loss of strength
in specific muscle groups may also follow lengthening of these muscles by manual stretching or by surgery.
Likewise, contractures of muscle or of both muscle and tendon will bring about marked loss of strength
through change of the mechanical advantage of the muscle in its normally functioning range. Loss of
strength might also be due to increasing weight of the patient. The muscle normally capable of performing
useful function may be too weak to continue this function and appear to have lost strength. The muscle
may actually be as strong as it ever was but, against the increasing weight of the patient, show inability
and apparent loss of strength in its functional performance.
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Most commonly, loss of strength due to overwork may be confused with weakness that results from the
opposite problem, disuse. However, this is rather simple to differentiate, because failure to regain
strength with specific exercise is an outstanding characteristic of overworked muscle. On the other hand,
muscle weakened from disuse will respond favorably to graduated specific exercise by showing increased
strength. Certainly this is the simplest way to differentiate between muscle weakness from overwork and
muscle weakness from disuse. As stated previously, the muscle that has been overworked and has lost
strength will not regain strength, as would be expected of a muscle that has been unused. Exercises can
be set up that will specifically determine the ability of a muscle or muscle group to gain strength under
increasing work. The muscle that has been overworked should continue to lose strength as further work
is demanded. If overwork has caused a decrease of muscle strength, and this decrease is recognized early,
resting the muscle should restore all, or part of the previous strength. Rapid loss of strength following a
second bout of overwork should then be diagnostic.
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If muscle weakness occurs and it is obvious after analysis that this weakness can be attributed to
overwork, then certain treatment must be instituted immediately. We have proof that such weakness is
reversible, if it is discovered early. Immediate treatment consists of complete rest of the muscle involved.
The method by which this rest is obtained must be decided by the physician who analyzes the problem.
Rest might require complete rest in bed, even the application of an immobilizing cast. It might require
the use of crutches to protect weight-bearing groups, or other orthetic devices to support and rest the
bodily segment involved. As a general rule, the muscles showing overwork weakness should not be used
for a period of a week or two, and then gradually started on a muscle re-education program of carefully

applied increasing resistance. In effect, the patient is started back on a program normally instituted in



the very early phases of recovery from neuromuscular disease. Then activity is increased as rapidly as
recovery of muscle strength indicates its safety. Of course, the degree to which the activity is eventually
limited will depend on the importance of the muscle or muscle groups involved. It must be recognized
that weakness that follows overwork of muscle may be irreversible. This may be due to the severity and
the duration of overwork, or to the inability to protect the muscle groups adequately against further
overwork.

Recovery from overwork weakness thus depends on the ability of the physician to recognize the very

earliest evidence of overwork and to apply adequate methods of protection of the muscle for its recovery.
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SUMMARY # %

It has been the purpose of the authors in this paper to point out the danger of deterioration of muscle
performance following muscular overwork. Five situations have been suggested as predisposing to
overwork weakness. It was emphasized that the physician must accept the responsibility of preventing
overwork weakness through anticipation of its dangers. If overwork weakness has occurred, recovery of
strength will depend on early recognition, the immediate institution of rest, followed by careful muscle
re-education and limited activity.
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