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ST (type I) fibers. Compared to FT
fibers, ST fibers have greater amounts of
myoglobin (an iron-containing protein
that stores oxygen in the cell), mitochon-
dria (the so-called “powerhouse™ of the
cell) and blood capillaries. These charac-
teristics cause ST fibers to appear red, and
also make them highly acerobic, and heavily
dependent on oxygen for energy. Because
of this, ST fibers are sometimes referred to
as “slow oxidative.” Relative to FT fibers,
ST fibers contract more slowly and pro-
duce lower amounts of force (due to their
smaller diameters), but they fatigue less
readily. (Although ST fibers contract more
slowly than their FT counterparts, this is
not to say that they don’t contract quickly.
Indeed, their speed of contraction is mea-
sured in milliseconds.)

FT (type IIa) fibers. These intermediate
fibers have moderate amounts of myoglo-
bin, mitochondria and blood capillaries.
Similar to ST fibers, these fibers look red.

acrobic and anaerobic qualities, and to use
oxygen and glycogen for energy. There-
fore, these fibers have been described as
“fast oxidative glycolytic.” In comparison
to ST fibers, they contract more quickly
and forcefully and fatigue more easily, but
not as much as the pure FT fibers.

FT (type IIb) fibers. Compared to ST
fibers (and intermediate fibers), these pure
FT fibers have lower amounts of myoglo-
bin, mitochondria and blood capillaries.
These characteristics cause these fibers to
appear white, and also make them highly
anaerobic and heavily dependent on glyco-
gen for energy. Because of this, they are
sometimes referred to as “fast glycolytic.”
Relative to ST fibers (and intermediate
fibers), these FT fibers contract more
quickly and generate higher amounts of
force (due to their larger diameters), but
they fatigue more readily.

Composition and distribution

Studies of twins have shown that the
composition and distribution of muscle
fibers is determined almost entirely by
hereditary factors. Most muscles have a
blend of about 50 percent FT fibers and 50
percent ST fibers, which are intermingled
throughour each muscle. Some people,
however, inherit a greater proportion of
one fiber type, which allows them to be
successful during efforts of varying de-
mands and durations. For example, an in-
dividual who has inherited a high
percentage of ST fibers has the genetic po-
tential to produce relatively small amounts
of force for long periods of time and, there-
fore, will excel during low-intensity, long-
term efforts. On the other hand, a person
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who has inherited a high percentage of FT
fibers has the genetic potential to generate
relatively large amounts of force for short
periods of time and will, therefore, excel
during high-intensity, short-term efforts. It
should also be noted that an individual’s
fiber-type mixture will likely differ from one
muscle to another, and may even vary from
one side of the body to the other.

This begs the question, “Can one fiber
type be converted into another?” Or, to use
the words of Mark Asanovich, strength and
conditioning coach of the Tampa Bay Buc-
caneers, “Can you switch the twitch?”
While this is the subject of considerable de-
bate, currently no scientific evidence con-
sistently supports the notion that ST fibers
can be converted into FT fibers, or vice
versa. It appears as if one type of muscle
fiber may take on certain metabolic charac-
teristics of another type, but actual conver-
sion doesn’t take place. In other words, you
cannot convert one fiber type into another
any more than you can convert a pack mule
into a racehorse. So, if you were to take a
pack mule and train it like a racehorse, you
might get a slightly faster pack mule ... but
vou’ll never get a racehorse.

Fiber recruitment

Consistent with Henneman’s Size Prin-
ciple of Motor Recruitment, muscle fibers
are innervated (or recruited) by the nervous
system in a sequential pattern according to
the force requirements of an activity. De-
mands that require a relatively low amount
of muscular force are met by ST fibers. If
they cannot keep up with the demands, in-
termediate fibers are called upon for meta-
bolic assistance. If the collective efforts of
these fibers aren’t enough to meet the de-
mands, pure FT fibers are recruited to pro-
vide help. To ensure that FT fibers are
activated while strength training, it’s im-
portant for individuals to lift weights with
a reasonable degree of intensity (or effort).

Training implications

The results that can be obtained from

strength training are influenced greatly by |

a person’s fiber-type mixture. Several dif-
ferent physiological and myological capa-
bilities are affected.

Muscular strength and endurance. An
individual’s fiber-type mixture has an im-
pact on the potential for muscular
strength. FT fibers have larger diameters
than ST fibers and, therefore, produce
greater amounts of force. Because of this,
a person who has a high percentage of FT
fibers will have a greater potential for mus-
cular strength than someone who has a
high percentage of ST fibers (everything
clse being equal).
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Achieving
physique -
strength

In addition, a person’s
fiber-type mixture influ-
ences the potential for
muscular endurance. ST
fibers are more resistant
to fatigue than FT fibers
and, therefore, display
greater levels of endurance. As a result, a person who has a high
proportion of ST fibers will have a greater potential for muscu-
lar endurance than someone who has a high proportion of FT
fibers (again, everything else being equal).

Hypertrophy and hyperplasia. An increase in the size of muscle

muscle-'ﬁber type.

fibers is known as “hyper-
trophy.” (Its inverse — a
decrease in the size of
muscle fibers — is called
“atrophy.”) FT fibers
have a much greater ca-
pacity for hypertrophy
than ST fibers. In other words, an individual who has a high per-
centage of FT fibers will have a greater potential for muscular size
than someone who has a high percentage of ST fibers.

An increase in the number of muscle fibers is known as “hy-
perplasia.” The increase is thought to take place by fiber split-
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ting, or “budding.” Although hyperplasia
has been demon- strated in many animals
whose muscles were loaded with a resis-
tance — including birds, cats and rats —
there’s no definitive proof that it occurs
in humans.

What's your fiber type?

In a laboratory, fiber types can be dis-
tinguished by doing a biopsy, which in-
volves removing a small plug of muscle
tissue and later analyzing it under a mi-
croscope. Muscle biopsies aren’t ideal for
assessing fiber types because they result in
the destruction of tissue. Moreover, their
accuracy has also been questioned. For
one thing, fiber “headcounts”™ are subject
to different interpretations. And since the
distribution of fibers varies throughout a
muscle, the site from which the biopsy is
taken may not be indicative of the overall
fiber-type mixture.

In a weight room, fiber types can be
guesstimated by evaluating fatigue charac-
teristics via a test of muscular endurance
with a submaximal weight — usually 75 to
80 percent of maximal strength. Suppose,
for example, that an individual has a one-
repetition maximum (1-RM) of 100
pounds on the leg extension. If a relatively
high number of repetitions can be per-
formed with the submaximal weight
(more than about 14), it’s likely that the
quadriceps have a high percentage of ST
fibers. If a relatively low number of repeti-
tions can be performed with the submax-
imal weight (less than about six), it’s likely
that the quadriceps have a high percent-
age of FT fibers. But remember, since the
composition and distribution of fibers can
vary from muscle to muscle, the results of
an endurance test aren’t necessarily reflec-
tive of the entire muscular system.

How much do individuals really vary in
terms of their muscular endurance? Wayne
Westcott reported data on 141 subjects
who performed an endurance test with 75
percent of their 1-RM. It would be ex-
pected that 10 repetitions could be per-
formed with this workload. And according
to the data, the subjects completed an av-
erage of 10.5 repetitions. Yet, only 16 of
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the 141 subjects (11.35 percent) performed exactly 10 repeti-
tions with 75 percent of their 1-RM. Many of the subjects were
in the neighborhood of 10 repetitions. In fact, 66 of the 141 sub-
jects (46.81 percent) were able to complete between eight and 13
repetitions. But 75 of the 141 subjects (53.19 percent) per-
formed either less than eight repetitions, or more than 13. At the
extremes, two subjects only performed five repetitions, and one
managed 24. While other factors may certainly have come into
play, the influence that fiber types have on muscular endurance
cannot be underemphasized or overlooked.

You can also make a logical guesstimate of fiber types based
upon performance. Individuals who are successful in efforts
that require muscular endurance probably have a high per-
centage of ST fibers; those who are successful in efforts that
require muscular strength (and /or power) likely have a high
proportion of FT fibers.

Another way of making a reasonable guesstimate of fiber type
is to consider a person’s muscular development. Recall that FT
fibers have a much greater potential for hypertrophy than ST
fibers. Therefore, individuals who have a significant amount of
muscular development probably have a high percentage of FT
fibers; conversely, those who have a slight amount of muscular
development likely have a high proportion of ST fibers (assum-
ing, of course, that the low degree of muscular development isn’t
a result of inactivity).

Repetition ranges

To maximize response to strength training, some people —
because of a predominant muscle-fiber type — may require rep-
etition ranges that are either a bit higher or lower than that pre-
scribed for the general population. For example, individuals who
have a high percentage of ST fibers would probably benefit more
by performing slightly more repetitions because their predomi-
nant muscle-fiber type is more suited for muscular endurance.
On the other hand, those who have a high percentage of FT
fibers would likely benefit more by performing slightly fewer
repetitions, because their predominant muscle-fiber type is less
suited for muscular endurance. In a 1987 study by Westcott,
sprinters trained with low repetitions, middle-distance runners
with medium repetitions and long-distance runners with high
repetitions. His research revealed excellent and equal strength
gains in all three groups. Successful sprinters would have a high
percentage of FT fibers, and successful distance runners would
have a high percentage of ST fibers.

Performance and fiber type

Due to genetics, each individual has a unique blend of muscle
fibers that dictates the potential results from strength training.
People must realize that achieving an award-winning physique
and /or mind-boggling strength is limited by muscle-fiber type.
But they should also understand that it’s just one of many factors
that contribute to their response. FM
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