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Muscle fibers undergo changes in response to a variety of stimuli. This review 
examines metabolic, endocrine, and pharmacological factors that lead to alter­
ations in muscle structure and function. These various stimuli may be considered 
nonphysical. This review also examines the interaction between physical stimuli 
(eg, exercise) and hormonal influences (eg, diabetes) on muscle. It is suggested 
that physical stimuli may often have a more potent effect on muscle than do 
nonphysical stimuli. 
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Normal human muscle fibers (cells) respond to a 
variety of stimuli by undergoing changes that may be 
either adaptive or maladaptive, depending on the 
nature of the stimulus and the context in which it 
occurs. Elsewhere in this issue, maladaptive changes 
such as "stretch weakness" and cast-immobilization 
atrophy have been discussed. Examples of adaptive 
changes are discussed in this issue by Rose and Roth-
stein in their review of the effects of altered patterns 
of use on muscle. Although these adaptive and mal­
adaptive changes in muscle cells are different because 
of their functional significance, the stimuli are fun­
damentally similar. Exercise, disuse, and maintained 
lengths (shortened or lengthened) all provide muscle 
with physical stimuli. And in each case, through 
mechanisms that are not yet understood, the muscle 
cell's biochemical machinery responds to that physi­
cal stimulus. Somehow these stimuli trigger a series 
of signals that lead to changes in muscle fiber size, 
enzymatic profile, and muscle length. Physical stimuli 
are among the most obvious factors that influence 
muscle, but there are other stimuli that can dramati­
cally alter cellular structure and function. Systemic 
metabolic factors, endocrine influences, drugs, and 
aging all lead to alterations of muscle. This review 
will focus on these nonphysical stimuli. The interac­
tion of physical stimuli, such as exercises for the aged, 
diabetic, or steroid treated patient, will also be dis­
cussed. 

DRUGS 

General Observations 

Although physical therapists do not prescribe med­
ications, they may be able to play a critical role in the 
management of patients with drug-induced muscle 
disorders. Many medications induce either focal or 
global changes in muscle.1 Frequently the only treat­
ment for drug-induced muscle disorders is discontin­
uing the medication before serious disability devel­
ops.1 Therefore, the early recognition of drug-induced 
muscle disorders is critical. Patients usually will be 
referred to physical therapy because they have pain 
or weakness. However, therapists may observe during 
evaluation and treatment the superimposed effects of 
drugs. Therefore, the physical therapist may be in a 
unique position to observe the first clinical signs of 
drug-induced muscle dysfunction in their patients. 

According to Mastaglia and Argov some of the 
early signs of drug-induced muscle disease include 1) 
muscle involvement that is usually widespread and 
symmetrical, 2) proximal muscle involvement that is 
the most severe, and 3) sparing of muscles innervated 
by the cranial nerves.1(p873) Therapists should also be 
aware of the focal effects of drugs, which may be 
caused by intramuscular injections. This local damage 
may consist of muscle fibrosis leading to induration, 

1788 PHYSICAL THERAPY 



TABLE 
Drug-Induced Myopathies and Clinical Features3 

Disorder 

Focal myopathy 
Muscle fibrosis and contractures 

Toxic effects (a painful proximal 
myopathy) 

Hypokalemia (a painful proximal 
myopathy) 

Inflammatory myopathy (a painful 
proximal myopathy) 

Acute rhabdomyolysis 

Chronic painless proximal myopa­
thy 

Myotonic syndrome 

Malignant hyperpyrexia 

Drugs 

intramuscular injections 
antibiotics, pethidine, pentazocine, 

heroin 
clofibrate, EACA, emetine, heroin, 

ethanol (acute abuse) 
vincristine 

clofibrids, isoetherine, danazol, ci-
metidine, metolazone, bumeta-
dine, lithium salbutamol, cytotoxics 

diuretics, purgatives, liquorice car-
benoxolone, amphotericin B 

penicillamine, procainamide, levo-
dopa 

heroin, methadone, amphetamine, 
barbiturates, diazepam, meprobo-
mate, isoniazid, amphotericin B, 
phenformin / fenfluramine, carben-
oxolone 

corticosteroids 

chloroquine, heroin, perhexline 

20, 25 diazacholesterol (and ana­
logues) 

suxamethonium, propanolol, (possi­
bly other beta blockers) 

suxamethonium, halothane, diethyl 
ether, cyclopropane chloroform, 
methoxyflurane, ketamine, enflur-
ane, psychotropics 

Clinical Features 

Local tissue damage 
Swelling and contractures of injected 

muscle 
Pain and tenderness, proximal or 

generalized weakness 
Same as above but with loss of re­

flexes 
Pain, cramps, myokymia, weakness 

Periodic weakness with depressed or 
absent reflexes 

Proximal muscle weakness and pain 
with possible skin changes 

Severe muscle pain, swelling, flaccid 
quadriparesis, areflexia 

Predominant proximal weakness 

Same as above but with possible loss 
of reflexes due to associated neu­
ropathy 

Muscle cramps, weakness, myotonia 

May increase symptoms of myotonia 

Rigidity, hyperpyrexia, acidosis, hy­
perkalemia, disseminated intravas­
cular coagulation, renal failure 

with the possibility of contractures developing after 
repeated injections.1 

Only two drugs that commonly affect muscle, al­
cohol and steroids, will be discussed here. An over­
view of medications and their potential effects is 
presented in the Table. A complete discussion of 
drug-induced muscle and nerve diseases is provided 
in the comprehensive review of Mastaglia and Argov.1 

Alcohol 

The deleterious effects of alcohol abuse on muscle 
have been documented2 and have long been associ­
ated with life-threatening cardiomyopathies.3, 4 Al­
though the first report describing the effects of chronic 
ethanol ingestion on skeletal muscle appeared in 
1822,5 alcoholic myopathy has not always been widely 
recognized clinically.6"8 The myopathic changes seen 
in the alcoholic patient have at times been attributed 
to malnutrition or disuse. Experimental evidence has 
demonstrated that even with nutritional support and 
prophylactic exercise normal subjects can develop 
alcoholic myopathy if they ingest large amounts of 
ethanol.9, 10 Alcoholic myopathy has two clinical 

phases: an acutely painful presentation that follows 
"binges" and a chronic phase that consists of mor­
phological and functional alterations in muscle.2, 6, 8-5 

Binges by chronic alcoholics can result in an acute 
myopathy characterized by muscle cramps, muscle 
weakness and tenderness, myoglobinuria, reduced 
muscle phosphorylase activity, and decreased lactate 
response to ischemic exercise.2, 7 These last two find­
ings are also seen in McArdle's disease, a genetic 
deficiency in muscle phosphorylase.7 In McArdle's 
disease, the phosphorylase deficiency results in an 
inability to use glycogen stores. Therefore, even under 
ischemic conditions, the muscle will not produce lac­
tate (called a decreased lactate response).13 Acute 
alcoholic myopathy, unlike McArdle's disease, is re­
versible. The two are clinically different: in McArdle's 
disease exercise can lead to pain fatigue and even 
contractures13 but in acute alcoholic myopathy exer­
cise will lead to pain but not contractures. Exercise is 
contraindicated in acute myopathy and, in fact, when­
ever myoglobinuria is present because it may stress 
already compromised muscles. 

Acute alcoholic myopathy has morphological fea­
tures, such as fiber necrosis, intracellular edema, hem-

a From Mastaglia and Argov.1 
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orrhage, and inflammatory changes, that can be de­
tected under a light microscope.2 These features are 
in contrast with those of chronic alcoholic myopathy, 
which are observable only under electron microscopic 
examination: intracellular edema, lipid droplets, ex­
cessive glycogen deposition, deranged elements of the 
sarcoplasmic reticulum, and abnormal mitochon­
dria.2, 8, 10 The cellular changes observed in chronic 
alcoholics may also be seen in nonalcoholic subjects 
after one month of ethanol ingestion (42% of total 
caloric intake).9 The subcellular effects of ethanol in 
the nonalcoholic subjects and in alcoholics could not 
be prevented by nutritional support or exercise (use 
of a bicycle ergometer twice daily).9, 10 However, in 
most cases abstinence from alcohol appeared to lead 
to a return of a relatively normal morphological 
picture within a short period of time.2, 8 

Experimental studies have demonstrated that al­
cohol abuse inhibits calcium binding within muscle 
cells, which is probably associated with the derange­
ment of the sarcoplasmic reticulum and the decreased 
number and the abnormality of the mitochondria.16, 17 

In the myocardium of dogs, this alteration in calcium 
binding leads to a shift (down and to the left) in the 
force-velocity relationship.16 Alcohol apparently in­
terferes with the calcium-dependent process of exci­
tation-contraction coupling.16 In addition, Rubin has 
reported disruption of both contractile and regulatory 
proteins in alcoholic myopathy.2 

Type II fiber atrophy also has been reported to be 
a sequela of chronic alcohol abuse.18 Hanid et al have 
shown that in 10 men and 5 women who reported 
ethanol intake of at least 80 g/day, type II atrophy 
was almost always present in biopsy samples from the 
vastus lateralis muscle.18 The only subject in the group 
who did not have a type II atrophy was one man who 
had been drinking heavily for less than six months. 
Type II atrophy was determined by comparing the 
mean muscle fiber areas (as inferred from measures 
of lesser diameter fibers) of the alcoholics with those 
of nonalcoholic subjects. Hanid et aPs findings are in 
agreement with the observation of Kiessling and co­
workers, who showed decreased areas of fast-twitch, 
glycolytic fibers in 11 patients hospitalized for severe 
alcohol abuse.19 Recently it has been suggested that 
in alcoholics primarily the type IIB fibers undergo 
atrophy.8 

Although Hanid et al's subjects showed type II 
atrophy, the degree of atrophy did not correlate with 
clinical findings. Muscle wasting was absent in four 
of the subjects, mild or moderate in nine, and severe 
in two. Only one patient complained of weakness, 
although "clinically apparent weakness" was seen in 
seven. In addition, the pathological changes seen in 
biopsy specimens of the liver of these patients did not 
correlate with the degree of type II atrophy observed. 
However, Hanid et al speculated that because glyco­

gen deposits were observed in the muscle of alcoholics 
the type II atrophy may represent a selective lesion of 
glycogenolytic pathways.18 Such a lesion would inter­
fere with glycogen use, which would most likely have 
a greater effect on the glycogen-rich type II fibers. 

Except for the contraindication for exercise in acute 
alcoholic myopathy, the role of exercise has not been 
elucidated in ethanol-induced myopathies. It appears 
that in many patients abstinence leads to full recovery 
of muscle function,2, 6 whereas in other patients the 
injury may be more severe and resistant to treatment. 
Rubin has noted that under certain circumstances, 
ethanol abuse may lead to decreased energy metab­
olism (interference with metabolic pathways and de­
struction of mitochondria) and decreased protein syn­
thesis to the point where the cell may not be able to 
maintain itself.2 He asserts that the critical unan­
swered question relative to alcoholic myopathy, there­
fore, "concerns the relation between reversible alco­
hol-induced inhibition of important functions and the 
persistent injury found after chronic ethanol intoxi­
cation."2(p 32) Questions regarding the rehabilitation 
of the alcoholic also remain to be answered. There is 
a need to understand the effect of exercise on the 
"persistent injury" in view of the weakness and visible 
signs of atrophy frequently observed in chronic al­
coholics. The presence of type II fiber atrophy sug­
gests the possibility that alcoholic patients may ex­
hibit specific deficits in muscle performance such as 
an inability to generate tension rapidly and to pro­
duce power. Therapists working with alcoholics will 
need to determine whether these deficits do exist and 
whether exercise can play a role in patient manage­
ment. 

Corticosteroids 

The widespread use of oral corticosteroid agents as 
anti-inflammatory and immunosuppressant agents 
has led to the observation of "steroid myopathy," an 
apparently reversible proximal weakness.1, 11, 20-27 Al­
though steroid myopathy is most often of iatrogenic 
origin, it also occurs as a component of hyperadre-
nocorticism (Cushing's syndrome).20, 28, 29 Muscle 
weakness has been noted in up to 83 percent of 
patients with endogenous overproduction of cortico­
steroids (Cushing's syndrome).30-32 

The primary biopsy finding in patients treated with 
prednisone-like steroids (eg, prednisone, predniso­
lone, and methylprednisolone) is a type II fiber atro­
phy (decreased cross-sectional area).1 This reduction 
in fiber area is thought to be most pronounced in the 
type IIB fibers20 and is believed to occur more often 
in women than men.33 In the rat, Stern and Hannapel 
reported that atrophy has also been demonstrated in 
the histologically fast intrafusal nuclear bag fibers.34 
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Because routine light microscopic analysis of mus­
cle from patients treated with prednisone-like steroids 
reveals little more than a type II atrophy, the term 
"steroid-induced atrophy" may be more appropriate 
than "steroid myopathy." In muscle of patients and 
animals treated with triamcinolone and other syn­
thetic steroids, the changes noted are disruption of 
mitochondria and the sarcoplasmic reticulum20, 35-41 

and altered contraction characteristics.41-44 With the 
use of synthetic steroids, especially fluorinated com­
pounds (eg, triamcinolone), morphological changes 
are not limited to the type II fibers. Synthetic steroids 
apparently cause more generalized or "myopathic" 
changes in muscle than do prednisone-like com­
pounds. Not surprisingly, clinicians have observed 
greater weakness in patients when fluorinated (halo-
genated) steroids have been used.45 

In view of the limited systemic (oral) use of syn­
thetic steroids in clinical practice today, steroid-
treated patients will most likely exhibit steroid atro­
phy rather than myopathy. The difference between 
the effects of synthetic and prednisone-like com­
pounds must be kept in mind when reading older 
clinical literature or examining experimental reports. 
Researchers investigating the effects of steroids on 
animal muscle still use fluorinated compounds or 
other synthetic steroids such as dexamethasone or 
betamethasone. 

Based on the observations of corticosteroid-in-
duced type II atrophy and other experimental find­
ings, Goldberg developed a conceptual model that 
can be used to describe many forms of muscle muta­
bility.46, 47 He believes that with catabolic stimuli it is 
the pattern of muscle fiber use that determines which 
fibers will undergo atrophy. He notes that cortico­
steroids are potent catabolic stimuli. Corticosteroids 
are gluconeogenic agents that lead to the mobilization 
of available substrate, including muscle proteins, for 
the synthesis of glucose by the liver.48, 49 The atrophy 
caused by prolonged use of corticosteroids occurs 
because protein synthesis cannot keep pace with pro­
tein degradation.47, 49-51 In normal muscle the two 
processes occur at the same rate, whereas in muscle 
that is undergoing hypertrophy, synthesis exceeds 
degradation.47, 52, 53 Goldberg believes the pattern of 
atrophy seen with Cushing's syndrome and steroid-
induced weakness is the result of a biological phe­
nomenon that can be generalized. Atrophy, he ob­
served, occurs in type II fibers, which are the least 
used muscle fibers. Therefore, the pattern of use of a 
muscle determines whether it will undergo atrophy in 
response to catabolic stimuli.46, 47 He argues that it is 
biologically useful for the body to maintain the most 
used muscles and to sacrifice the least used muscles 
when protein stores are mobilized.46, 47 

The size principle of Henneman54 and the obser­
vations of Burke55 strongly support the idea that type 

I fibers are the first recruited during normal voluntary 
movements. Goldberg believes that the constant use 
of the type I fibers provides these fibers with a 
protective or "sparing" influence from the catabolic 
effects of steroids.46, 47 The type II fiber atrophy seen 
in animals suffering from malnutrition56 and in the 
cachectic cancer patient57, 58 can also be explained by 
Goldberg's hypothesis. In both cases, muscle proteins 
must be used as a source of metabolic substrate. 

When type II atrophy is severe, fiber proportions 
may change to the extent that physiological properties 
of whole muscle may be altered, that is, the muscle 
may become slower.46 In a group of patients with 
rheumatic diseases who had undergone long-term 
steroid therapy, the quadriceps femoris muscle pro­
duced less power than did that of control subjects 
matched by age and activity.59 A reduction in the 
slopes of the patient's power velocity curves also was 
noted (as the speed of isokinetic contraction in­
creased, their power deficits increased). 

Gardiner et al have demonstrated that in rats 
treated with triamcinolone some of the deleterious 
effects of steroids can be lessened through the use of 
a weight-lifting program.60 The observation that ex­
ercise can lessen the effects of steroids supports Gold­
berg's hypothesis and has potential clinical signifi­
cance. At present, the only known cure for iatro-
genically induced steroid atrophy is to modify the use 
of medication.20 Stern and Fagan maintain that nor­
mal muscle function can be expected to return within 
a year or, more often, within several months after 
steroid use has been stopped.20 However, given the 
vital role of steroids in the management of so many 
diseases, it is often impossible to eliminate the medi­
cation in order to treat the atrophy. Attempts at 
limiting atrophy by altering the type of steroid and 
the dose regimen and by adding antagonistic agents, 
such as phenytoin sodium, have not always been 
effective.20 In view of Gardiner et al's findings, future 
research will have to determine whether exercises can 
be used clinically to mimimize the effects of steroids. 
If Goldberg's hypothesis is true, then exercises that 
consistently bring about the recruitment of type II 
muscle fibers (as in power training or any maximal 
effort) might also provide these fibers with protection 
from corticosteroid-induced atrophy. 

Anabolic (Androgenic) Steroids 

It has been suggested in the popular literature that 
muscle bulk, and therefore strength, can be increased 
by administering anabolic (androgenic) steroids.61 

However, despite several decades of experimentation 
there are almost no valid studies that demonstrate 
improved function in men as a result of anabolic 
steroid use. As Ryan has noted, it is not ethically 
permissible to examine whether anabolic-androgenic 
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steroids can improve muscle bulk and function in 
women.61 Therefore, it is unlikely that the effects of 
anabolic steroids in female athletes can be deter­
mined. The use of anabolic steroids by humans re­
mains controversial, despite the evidence that they do 
not improve muscle function and despite rather strong 
policy statements advising against their use.62 A full 
discussion of this area is beyond the scope of this 
review; the reader should consult the recent reviews 
by Ryan61 and Wright63 to obtain bibliographies. 

ENDOCRINE AND METABOLIC FACTORS 

General Discussion 

Primary metabolic defects in muscle are discussed 
by Wheeler in this issue. Skeletal muscle also under­
goes alterations in response to changes in the overall 
metabolic and hormonal profile of the organism. 
Endocrine and nutritional influences are among the 
critical determinants of the amount and quality (eg, 
fiber type and biochemistry) of skeletal muscle. To 
understand how these factors affect muscle, one must 
know the physiological basis for contraction and the 
distribution of ions, metabolites, and precursors. 
Therefore, it is impossible to really understand the 
interaction between muscle and the endocrine system 
without first understanding general physiology. 

Muscle contains most of the body's protein stores, 
and the heat generated during oxidative phosphory­
lation and excitation-contraction coupling is a major 
source of thermal energy.64, 65 Normal function re­
quires the appropriate ionic milieu—especially rela­
tive to calcium, magnesium, and potassium.65, 66 

Therefore, almost all systemic events will have some 
effect on muscle, and in turn, muscle disorders can 
affect other organs, as in kidney dysfunction second­
ary to acute rhabdomyolysis (breakdown of muscle).1 

A complete discussion of the interaction between 
muscle and other body systems is beyond the scope 
of this article. Stern and Fagan20 elaborate on many 
of the issues that will be discussed here. 

During ontogenetic development, muscle increases 
in size (both in length and cross-sectional area).47, 67 

Many factors have been implicated in the way this 
process has been mediated such as the pattern of use 
during growth, the tension applied by growing long 
bones, and hormonal influences.67 During normal 
development, all of these factors combine in such a 
manner that muscle develops similarly in all members 
of a given species. The growth of muscle during 
development is different from the hypertrophy in 
exercised muscle, especially relative to the need for 
hormonal influences.47, 53 Apparently, the underlying 
mechanisms for growth and work-induced hypertro­
phy are different. 

Insulin normally plays a critical role in regulating 
protein balance in muscle. Plasma insulin levels de­

termine whether muscle will take up amino acids or 
release them.49,68 In the absence of insulin in plasma, 
muscle wasting can be observed.68 Not surprisingly, 
studies in animals have demonstrated that muscle 
growth during development requires pituitary growth 
hormones and insulin.47, 53 However, neither of these 
hormones is required for exercise-induced hypertro­
phy.47, 53 Goldberg has demonstrated that following 
tenotomy of the gastrocnemius muscle of rats the 
synergists (plantaris and soleus muscles) will undergo 
compensatory hypertrophy regardless of whether 
growth hormone or insulin is present.47 Exercise can 
be effective in increasing muscle mass without the 
supportive influences of these two hormones. 

Goldberg has come to the conclusion that exercise 
is one of the most potent stimuli available for muscle 
hypertrophy—probably more potent than endocrine 
factors.47, 53 He finds support for this concept in ex­
periments that have shown exercise-induced muscle 
hypertrophy in animals that were starving (and were 
therefore in negative nitrogen balance).69 In humans 
and animals, a normal response to malnutrition is 
muscle atrophy because proteins are mobilized for 
nutritional support. Somehow exercise appears ca­
pable of overriding catabolic signals, and as a result, 
working muscle can actually show a net gain in weight 
despite starvation.47 A normal function of the endo­
crine system is to govern the rates of protein synthesis 
(associated with hypertrophy) and degradation (as­
sociated with atrophy) so that homeostasis can be 
maintained. However, the effect of these circulating 
factors can be altered by the local pattern of use of a 
muscle. This observation would explain Gardiner et 
al's findings that exercise can lessen the atrophy that 
occurs after the use of corticosteroids, a known cata­
bolic agent.60 

Theoretically, it would appear possible to generate 
a hierarchical list of stimuli and how they affect 
muscle. However, many questions remain to be an­
swered, and not all stimuli have been identified and 
examined. Goldberg believes that when such a hier­
archy can be established it is likely that exercise will 
be high on the list. Some of the characteristics of 
some of the stimuli appear to have been identified. 
When stimuli lead to atrophy because of the mobili­
zation of proteins, a type II fiber atrophy seems 
likely.47 This appears to be the case whether the 
stimulus is starvation, endogenous corticosteroids, or 
exogenous corticosteroids. Other atrophy-provoking 
stimuli, such as cast immobilization, result in less 
clear-cut changes in muscle. These changes may be 
reflected both in diminished sizes of fibers and in 
metabolic alterations (eg, enzyme profiles). 

Insulin 
As was noted previously, plasma levels of insulin 

are thought to be a primary determinant of whether 
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muscle cells will take up amino acids for eventual 
incorporation (during protein synthesis) or release 
amino acids.68 Therefore, insulin is a critical regula­
tory factor in protein synthesis and degradation. In­
sulin also stimulates the use of glucose for metabo­
lism.70 Normal resting muscle primarily metabolizes 
ketones and fatty acids; however, when insulin levels 
rise, as occurs after a meal, glucose uptake is en­
hanced. A major physiological function of insulin in 
skeletal muscle is to facilitate the transfer of glucose 
across cell membranes. The clinical consequences of 
insulin deficiency are well-known. In the patient with 
uncontrolled diabetes, muscle fibers and other cells 
cannot take up glucose and serum glucose levels 
remain high. Cells then undergo what has been called 
"starvation in the midst of plenty."70 This starvation 
leads to the mobilization of other metabolic sources, 
especially muscle proteins, for nutritional support. 
Atrophy may result. 

Recently, exercise has been shown to affect the 
insulin receptors on cell membranes.71, 72 It appears 
that exercise enhances a cell's capacity to bind and 
use insulin for glucose transport. Although this effect 
has not been localized to muscle cells and is most 
often demonstrated in red blood cells, it also appears 
to take place in skeletal muscle.73 In athletes it has 
been shown that insulin sensitivity is correlated with 
Vo2 max.

71 Based on the observation of increased in­
sulin sensitivity with exercise, several research groups 
are now examining the effects of exercise on patients 
with diabetes. Initial evidence indicates that graded 
exercise can be an adjunct to other forms of therapy 
for diabetics. This appears to be especially true for 
insulin-resistant diabetes.73, 74 Therefore, exercise will 
have most likely two obvious effects on patients with 
diabetes. Initially, during the exercise, more glucose 
will be used by exercising muscle. And as an effect of 
training, insulin sensitivity may be increased. Because 
both of these factors will facilitate the lowering of 
serum glucose levels (one acutely and the other chron­
ically), careful dietary and medical management must 
be a component of exercise training programs for 
patients with diabetes. 

Growth Hormone 

Weakness is common in patients with acromegaly. 
Although this weakness frequently may be the result 
of compromised neuronal structures, a myopathy has 
also been identified in many of these patients.20 Early 
in the development of acromegaly, increases in muscle 
bulk and strength may be observed.11 However, as the 
disease progresses, weakness develops and biopsy 
specimens reveal variable myopathic changes in mus­
cle. Although most authors report that these changes, 
which include segmental degeneration, occur in both 
major fiber types, Stern and colleagues have described 

a preferential atrophy of type IIB fibers in a patient 
with acromegaly.75 Deficient amounts of growth hor­
mone during development lead to dwarfism and as­
sociated poor muscular development.11 

Thyroid Hormone 
Thyrotoxicosis (hyperthyroidism) occurs more 

commonly in women than in men, but men more 
often show the proximal muscular weakness associ­
ated with this disease.20 Engel has noted that the 
weakness seen clinically appears to be out of propor­
tion with the visible atrophy.11 There is general agree­
ment that light microscopic analysis of thyrotoxic 
muscle reveals few changes other than atrophy of all 
fiber types.76, 77 Under an electron microscope a va­
riety of changes may be observed: mitochondrial 
hypertrophy, focal loss of mitochondria, focal dilation 
of the T-tubular system, and subsarcolemmic glyco­
gen deposits.78, 79 In addition to structural changes, 
physiological alterations have been seen that may 
relate to the muscle's ability to effectively generate 
tension. Hyperthyroid muscle shows a lower than 
normal resting membrane potential, decreased mem­
brane excitability, and a large hyperpolarization with 
a resultant increased refractory period.80-83 

Fitts and colleagues induced thyrotoxicosis in rats 
and observed biochemical, physiological, and histo-
chemical alterations in the soleus muscle.84 They 
found that there was an increase in the number of 
type II fibers, especially the type IIC. A smaller 
increase was observed in the type IIA fibers. There 
are too few type IIB fibers in rat soleus muscle to 
determine if thyrotoxicosis had an effect on type IIB 
distribution. They observed the following changes 
with thyrotoxicosis: 1) decreased contraction time, 2) 
decreased one-half relaxation time, 3) increased fre­
quency required for tetanic fusion, 4) no change in 
peak isometric tension, and 5) no change in the 
isotonic velocity of shortening. The effect of thyro­
toxicosis on the rat soleus muscle was to increase the 
number of type II fibers and to make that muscle 
physiologically more like a type II or "fast muscle." 
This observation of speeding up in hyperthyroidism 
can be contrasted with observations of prolonged 
contraction and relaxation times with hypothyroid­
ism.80 

Successful treatment of thyrotoxicosis leads to full 
recovery of strength, according to several investiga­
tors20; however, Ramsay reports that the visible signs 
of atrophy take longer to disappear.85 The effect of 
exercise during the uncontrolled and recovery phases 
of thyrotoxicosis has not been reported. 

Hypothyroidism leads to weakness in 30 to 40 
percent of adult patients with this disease.86 Biopsy 
findings in patients with hypothyroidism have been 
variable but usually include focal necrosis, variable 
fiber sizes, and increase in the number of central 
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nuclei.20 Spiro et al reported atrophy of the type I 
fibers87 but McKeran et al described a type II loss 
and atrophy.88 The primary symptoms with the dis­
ease are pain, cramps, and sluggishness of move­
ment.20 McKeran et al have reported reversal of the 
atrophy but no reversal of fiber loss after two years of 
hormone replacement therapy.88 

Parathyroid Hormone 

Hyperparathyroidism does not usually lead to 
weakness, but weakness can be expected to develop 
in up to 80 percent of patients if the disease remains 
untreated.11'20 When weakness does occur it is more 
pronounced in proximal muscles and appears first in 
the lower extremities.20 The deficits may be so severe 
that major disturbances in gait are common (eg, wide 
base of support with slow movements). Patients may 
exhibit poor endurance and have difficulty climbing 
stairs, walking on toes and heels, and carrying heavy 
objects. Although the changes in biopsy specimens 
have been called nonspecific, there is some evidence 
of atrophy and some disagreement in the literature.20 

Patten et al reported a type II atrophy but observed 
signs (when staining with a nonspecific esterase) that 
indicated possible denervation.89 Cholod, on the other 
hand, described changes under the electron micro­
scope in the type I but not in the type II fibers.90 

Treatment of the underlying disease (surgical removal 
of parathyroid adenoma) has led to return of most 
muscle function.20 Patten et al reported that six 
months postoperatively patients continued to show 
improvement, although residual weakness was found 
in the iliopsoas, gluteal, and hamstring muscles.89 

AGING 

Cellular Changes 

Cellular changes with aging can be found in all 
organs, though the rate of change varies greatly.90 

Among the most visible signs of aging are alterations 
in skin and the development of movement dysfunc­
tion.91"93 As we age, strength and coordination decline 
and movements tend to become slower.93 The etiology 
of these movement dysfunctions can be caused by 
disturbances in 1) peripheral and central synaptic 
mechanisms, 2) motivation, 3) skeletal disorders (eg, 
osteoarthrosis), and 4) muscle.93 Although several of 
these etiological factors may be occurring simultane­
ously, it appears that a general reaction to aging 
always involves a decline in muscular strength that is 
accompanied by visual signs of atrophy.91, 93 

Experimental evidence suggests that aging may 
affect certain muscles more than others. For example, 
the flexor muscles of the lower extremity and the 
extraocular muscles show age-related changes rela­

tively early.93 The major fiber types also show a 
differential response to aging.91, 94, 95 Based on animal 
studies, Gutmann and Hanzlikova have characterized 
the essential features of the "senescent motor unit."93 

These features indicate that age-related changes are 
a distinct biological entity even though many of the 
changes are similar to those that occur with dener­
vation.93 

In both aged and denervated muscle the following 
have been reported: decrease in the number and size 
of muscle fibers, proliferation of the T tubules and 
sarcoplasmic reticulum, and considerable histochem-
ical evidence of fiber grouping.93, 96 (A description of 
fiber type grouping is presented by Wheeler in this 
issue.) In aged animal muscle biochemical changes 
consist of loss of activity of glycolytic and oxidative 
enzymes,97 decreased concentrations of adenosine tri­
phosphate, and a decreased rate of creatin phosphate 
resynthesis.93 Structural changes resembling the early 
stages of denervation have also been found in the 
neuromuscular junction of aged animals.93 However, 
despite the denervation-like structural changes re­
ported in aged muscle, electrophysiological evidence 
of denervation with aging has not been demon­
strated.93 The degenerative changes in aged muscle 
have also been shown to occur before the degenerative 
changes that are known to occur randomly in aged 
motor axons.93 

Morphological examination of the neuromuscular 
junction has led to the conclusion that there is prob­
ably a primary disturbance in the neuromuscular 
connection in senile muscle atrophy.93, 96 These 
changes at the neuromuscular junction may lead to 
altered trophic interactions between muscle and 
nerve, and in addition they may compromise fast 
synaptic activity (eg, reduced end-plate potentials). 

It has been suggested that some alterations in the 
aged muscle may be secondary to other age-related 
changes such as declining body weight. Because 
changes in the senescent motor unit usually become 
evident before the age-associated loss of body weight, 
it appears unlikely that muscle dysfunction is second­
ary to the development of a cachectic state.93 

Most of the research on the senescent motor unit 
has been done on animals. Recently, Larsson and 
colleagues in various studies have used a cross-sec­
tional design to examine the effects of aging on the 
vastus lateralis muscle of humans.91, 97-100 In a series 
of experiments, histochemical, biochemical, and fine 
structural changes were studied in 55 healthy men 22 
to 65 years of age who were sedentary office workers. 
Comparisons were made with data from studies of a 
group of 10 to 19 year old boys and from a group of 
active 66 to 76 year old men. Analysis of biopsy 
specimens from the vastus lateralis muscle revealed 
the following histochemical and biochemical data. 
Histochemical findings: 
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1. Decrease in the proportion of type II fibers with 
increasing age (50% in the 20-29-year-old group 
vs 45% in the 60-65-year-old group). 

2. Similar proportions of the subclasses of type II 
fibers (types IIA, IIB, and IIC) in all age groups. 

3. Decreased area of the type II fibers as a function 
of age. 

4. No change in the type I fiber areas with aging. 
Biochemical findings: 

1. Increase in 3-hydroxyacyl-coenzyme A dehy­
drogenase (HAD, an oxidative enzyme) activity 
with aging. 

2. Shift in lactate dehydrogenase (LDH) isoen­
zyme patterns with age that results in a decrease 
in the percentage of muscle specific enzymes. 

To determine whether the observed biochemical 
and histochemical changes correlated with perform­
ance alterations, strength and endurance testing was 
carried out with a Cybex® isokinetic dynamometer. 
Subjects in this group were 10 to 69 years of age. 
Isometric endurance was defined as the time subjects 
could maintain a level of 50 percent of their maximal 
isometric force. Dynamic endurance was measured 
by having subjects perform 50 maximal isokinetic 
contractions at 180°/sec. Percent change was deter­
mined by dividing the mean torque of the last three 
contractions by the mean torque of the first three 
contractions. 

An age-related decline was seen in isometric force 
when the knee was tested at 30, 60, and 90 degrees 
from full extension. Similarly an age-related decrease 
in peak isokinetic torque was found at all four veloc­
ities tested (30, 60, 90, and 120°/sec). A decline in 
maximum knee extension speed was also observed. 
There was, however, no age-related difference in 
muscle mass, that is, thigh circumference. Endurance, 
both dynamic and isometric, was similar for all the 
age groups. 

In summary, the force production of the quadriceps 
femoris muscle declined isometrically and isokineti-
cally as a function of age but endurance did not. With 
age, force values linearly declined as did the propor­
tion and area of the type II fibers in the vastus 
lateralis muscle. However, Larsson postulated, based 
on multiple regression analysis of the data, that type 
II fiber atrophy could not account for all of the 
decline in strength measures.97 He suggested that 
other factors, such as age and activity levels, might 
account for decreased strength. The increased HAD 
activity, the shift in LDH isoenzyme pattern, the 
increased proportion of type I fibers, and the de­
creased areas of the type II fibers all combined to 
indicate that with aging there was an overall increase 
in oxidative capacity of the vastus lateralis muscle. 

A peripheral, but possibly clinically significant, 
observation can be made from Larsson's findings of 
elevated enzyme activities in the older, active group 

(the 70-year-olds) when compared with the younger, 
sedentary group. The increased enzyme levels in the 
elderly, active group raises the question of how "train­
able" the aged motor unit is. 

Effect of Training on Aging Skeletal Muscle 

Recently, numerous studies have demonstrated that 
regular training produces significant cardiovascular 
adaptations in older individuals.92, 101-103 The im­
provement in cardiovascular response (an increased 
Vo2 max) is similar to that seen in young subjects but 
is of a lesser magnitude.92 Learning of this ability of 
the aged cardiovascular system to respond to training 
is an important finding; it had been thought previ­
ously that declining physical performance and de­
creased Vo2 max were unalterable consequences of the 
aging process.104 Although the evidence has been 
accumulating relative to cardiovascular training, 
there have only been a few studies that have examined 
training effects on skeletal muscle.105, 106 

Suominen and co-workers have demonstrated in­
creased aerobic and anaerobic enzyme activity levels 
in the vastus lateralis muscle of subjects 50 to 70 years 
old after submaximal endurance training (3 to 5 one-
hour exercise periods a week for eight weeks consist­
ing of walking, jogging, swimming, gymnastics, and 
ball games).105, 106 Histochemical analysis was not per­
formed in these studies so fiber specific changes were 
not documented. Suominen and co-workers' findings 
indicate that skeletal muscle is trainable in aged 
subjects. 

Recently, Orlander and Aniansson reported the 
effects of a 12-week training program on the vastus 
lateralis muscle in five men aged 70 to 75 years.104 

Training sessions consisted of warm-up exercises 
(walking or jogging) followed by "various static and 
dynamic exercises." Resistance was body weight. The 
exercise program was designed by the authors to 
increase strength and endurance. Orlander and Ani­
ansson estimated that the average work load during 
the training program was less than 70 percent of 
Vo2 max. They considered this level to be "moderately 
intense" for this age group. Histochemical and bio­
chemical analyses were made from biopsy specimens 
taken from the vastus lateralis muscle before and 
after training. The results were as follows: 
1. No significant changes in fiber type distributions. 
2. No change in HAD or citrate synthetase (oxidative 

enzymes) activity. 
3. Significant increases in LDH and cytochrome ox­

idase (oxidative enzymes) activity. 
4. Significant increase in phosphofructokinase (a gly­

colytic enzyme) activity. 
This study did not use a control group; however, 

the results suggest that aged human skeletal muscle 
can increase in oxidative and anaerobic capacity as a 
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result of training. Although no significant changes in 
fiber type distributions were shown, a trend was 
observed that led Aniansson et al to perform a follow-
up study on a larger group.107 

In this follow-up study Aniansson et al compared 
the effects of training on muscle strength and fiber 
composition in two similar groups of twelve 70-year-

t old men.107 One group trained for 45 minutes a day, 
three times a week for 12 weeks using "static and 
dynamic exercises," with body weight as the only 
resistance. The second group served as a control. 
Histochemical analysis was made from biopsy sam­
ples taken from the vastus lateralis muscle before and 
after training. Comparisons were made only within 
each group (exercise and control) using pretraining 
and posttraining measurement, with the following 
results: 
1. Isometric torque increased significantly in the 

trained group. 
2. Isokinetic peak torque (dynamic torque) increased 

significantly at all four isokinetic speeds tested (30, 
60, 90, and 180°/second) in the trained group. 

3. The number of type II fibers increased in the 
trained group. 

4. Neither muscular strength nor fiber composition 
changed in the control group. 
These studies on the effect of training can be 

criticized for using a small number of subjects,106 

using a pretest and posttest design without compari­
sons with a control group,106, 107 and perhaps most 
importantly for a failure to adequately describe train­
ing programs. However, these studies do demonstrate 
that force generation, enzyme activities, and fiber 
composition can be altered by training the aged mus­

cle. Further studies will be needed to confirm these 
findings and to adequately describe the training stim­
uli if this information is to become clinically useful. 

Although the senescent motor unit differs from the 
motor units found in younger subjects, they share a 
common characteristic—both can respond to train­
ing. It appears that aging muscle fibers do not lose 
their capacity for change. There is some preliminary 
evidence that aged skeletal muscle, like cardiovascu­
lar response, can be altered by training but that the 
training effect may be different from that seen in 
younger subjects.106, 107 

SUMMARY 

The response of skeletal muscle to physical stimuli, 
such as exercise and disuse, is well-known. This re­
view has focused on muscle mutability in response to 
nonphysical stimuli such as drugs, aging, endocrine 
influences, and metabolic factors. As physical thera­
pists treat patients, they frequently will have to ac­
count for changes in muscular performance that are 
not caused by physical stimuli. Therapists must, 
therefore, be aware of the issues raised in this review. 
In view of the possibility that some drug-induced 
muscle atrophy and age-related changes may be re­
duced through the use of exercise, therapists need to 
understand these phenomena. Although the role of 
exercise has not been described in the management 
of many of the diseases described in this review, 
future research may demonstrate new roles for ther­
apists in the management of many dysfunctions 
caused by muscular changes of nonphysical origins 
such as steroid weakness or alcoholic myopathy. 
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