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Common errors in textbook descriptions of muscle fiber
size in nontrained humans

GORDON R. CHALMERS & BRANDI S. ROW

Kinesiology and Physical Education Program, Department of Physical Education, Health and

Recreation, Western Washington University, Bellingham WA, USA

(Received 7 January 2011; accepted 14 April 2011)

Abstract
Exercise science and human anatomy and physiology textbooks commonly report that type IIB muscle
fibers have the largest cross-sectional area of the three fiber types. These descriptions of muscle fiber sizes
do not match with the research literature examiningmuscle fibers in young adult nontrained humans. For
men, most commonly type IIA fibers were significantly larger than other fiber types (six out of 10 cases
across six different muscles). For women, either type I, or both I and IIA muscle fibers were usually
significantly the largest (five out of six cases across four different muscles). In none of these reports were
type IIB fibers significantly larger than both other fiber types. In 27 studies that did not include statistical
comparisons of mean fiber sizes across fiber types, in no cases were type IIB or fast glycolytic fibers larger
thanboth type I and IIA,or slowoxidative and fast oxidative glycolytic fibers.The likely reason formistakes
in textbook descriptions of human muscle fiber sizes is that animal data were presented without being
labeled as such, and without any warning that there are interspecies differences inmuscle fiber properties.
Correct knowledge of muscle fiber sizes may facilitate interpreting training and aging adaptations.

Keywords: ATPase, classification, morphology, motor unit, skeletal muscle

Introduction

Human muscle fiber types and sizes have been a target of investigation for decades.

Nevertheless, puzzling inconsistencies remain when these data are disseminated. In the

research literature, type IIA fibers are most often found to have the largest cross-sectional

area when male humanmuscles are examined, as discussed below. Yet type IIBmuscle fibers,

recently found to express type IIX myosin, and often interchangeably referred to as fast

glycolytic (FG), are commonly described as having the largest mean diameter of the three

fiber types in both exercise science (Baechle & Earle, 2008; McArdle et al., 2007; Plowman

& Smith, 2008) as well as basic physiology and anatomy texts (Fox, 2009; Marieb et al.,

2008; Martini &Nath, 2009; Martini et al., 2009; Tortora &Nielsen, 2009). For example, in

their human anatomy textbook Tortora and Nielsen (2009) state ‘Fast glycolytic (FG) or

type IIB fibers are the largest in diameter and contain the most myofibrils’ (p. 299). Some

exercise science texts report that type IIA and IIB fibers are the same size (Brown et al., 2006;

Foss & Keteyian, 1998), or that all fiber types are the same size (Tipton, 2006). These
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discrepancies may interfere with integrating and interpreting muscle physiology literature, as

well as understanding training and aging adaptations in muscle fibers.

The purpose of this paper is to review the research data reporting the size of the three

primary types of human muscle fibers so as to clarify this apparent inconsistency. Research

papers were found by searching Medline, Google scholar and Sport Discus databases, and

from the reference lists of papers obtained. Textbooks were obtained by asking exercise

science, anatomy and physiology professors at the authors’ American university for the titles

of the undergraduate texts commonly used in their field. For ease of organization, this review

refers to fibers identified as either IIB or IIX in individual papers as IIB fibers, because the

vast majority of the papers reviewed utilized myosin ATPase histochemistry to classify fibers,

and in this classification scheme the label IIX is not used (Scott et al., 2001). Also, this review

only discusses data from type I, IIA, and IIB fibers, although some studies included data

from additional hybrid fiber types.

Muscle fiber size in nontrained human muscle

The human muscle most commonly used for studies requiring muscle biopsies is the vastus

lateralis. Accordingly, there are an abundance of data describing the size of its muscle fibers,

and those data are well represented by Staron and co-workers review (2000) of Staron’s

numerous previous studies (Table I). In that meta-analysis, data from previous studies were

combined, yielding a total of 95 men and 55 women, with fiber types classified by ATPase

histochemistry. The young adult subjects were nontrained, as defined as ’ . . .had not

participated in any regular exercise program for at least 6 months . . . ’. For men, the mean

cross-sectional area of the type IIA fibers was significantly larger than the type IIB and type I

fibers (data for women reported below) (Staron et al., 2000).

Seventeen additional primary research studies reporting the size of vastus lateralis muscle

fibers in nontrained or recreationally active men were located (Table II). The data listed are

from control subjects, and use pre-treatment values where measuring of the control

group was repeated. While all the studies included statistical analysis, only a minority

performed statistical tests to compare differences in the mean sizes of the three fiber types

within the untrained control subjects, as this comparison was seldom a research question.

Two of the four studies that reported relevant statistical testing demonstrated that type IIA

fibers were the largest of the three fiber types (Gregory et al., 2001; Maughan & Nimmo,

1984), one reported that type IIA and IIB fibers were not significantly different in size and

both were larger than type I fibers (Gregory et al., 2005), and one reported IIA fibers as

significantly larger than IIB fibers but not significantly different in size from type I fibers

(Hostler et al., 2001) (Table II). The remaining 13 studies did not include statistical tests

comparing the sizes of the control fiber types. Data from these studies are included in Table II

for comparison purposes, and will be discussed when summarizing the data.

For nontrained women, type I fibers were most commonly the largest of the three types, in

contrast to the observation in men that the type IIA fibers almost always had the greatest

mean size. In the meta-analysis performed in Staron’s review (2000) (Table I) and in the

primary studies that included relevant statistical testing (Table III), type IIB fibers were

significantly smaller than both type I and IIA fibers (Hostler et al., 2001; Staron et al., 2000),

or type II fibers in general were smaller than type I (Nygaard, 1981). Data from the

remaining two studies, which lacked statistical comparison of fiber sizes, are included in

Table III.

Studies reporting the cross-sectional size of the three categories of muscle fibers classified

by myosin ATPase histochemistry in young adults are available for only a limited number of
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muscles other than the vastus lateralis. For men (Table IV), one study showed no significant

difference in the mean size of the three fiber types in two different regions of the erector

spinae muscle (Mannion et al., 1997), while in another study, type IIA fibers were found to

be significantly larger than the other fiber types in three lower leg muscles (Gregory et al.,

2001). Fiber size data from the four muscles examined without statistical comparisons are

also included in Table IV.

For women (Table V), in two regions of the erector spinae muscle type I muscle fibers were

significantly larger than the other fiber types (Mannion et al., 1997), while in the deltoid

muscle there was no significant difference in the size of the three fiber types (Nygaard, 1981).

Four additional studies provided data on fiber sizes in additional muscles examined in

women, although without statistical comparisons (Table V).

A study by Häggmark et al. (1979) is reported separately here (Table VI) because its data

from four abdominal muscles were combined from nine women and four men. Statistical

examination revealed that all three fiber types were the same size in two muscles, type IIA

and IIB fibers were the same size and larger than type I in one muscle, and type I fibers were

the largest in the remaining muscle examined.

Only two human studies were found that reported the size of nontrained muscle fibers

identified using the slow oxidative (SO), fast oxidative glycolytic (FOG) and fast glycolytic

(FG) classification system. Some studies use the metabolic SO, FOG, FG nomenclature,

although they do not classify fibers based on their myosin ATPase and metabolic properties

as the classification system intended, and instead use other methods such as z-band width or

only myosin ATPase data. Only studies using myosin ATPase and metabolic properties to

classified fibers as SO, FOG, and FG are considered here. Prince et al. (1976, 1977)

examined the vastus lateralis muscle of five men and five women who were nontrained or

recreationally physically active. The women were of college age. The age of the men was not

reported, but they were probably young adults as these controls were being compared with

trained athletes. Notably, the authors commented that the human muscles differed from

muscles in lower mammals in that the FOG fibers rather than the FG fibers were the largest

(Prince et al., 1976). Saltin et al. (1977) also described human vastus lateralis muscle fiber

properties in a review paper, using the slow twitch (ST), fast twitch subgroup a (FTa) and

fast twitch subgroup b (FTb) nomenclature. They provided data reporting the myosin

ATPase activity, fiber size, and glycolytic and oxidative enzymatic activity of the fibers

examined. The fibers they listed as ST match others’ (Peter et al., 1972) definition of SO,

their FTa fibers match FOG fiber characteristics, and their FTb fibers match FG fibers.

Although statistical tests of the differences in mean fiber sizes were not performed in these

studies (Prince et al., 1976, 1977; Saltin et al., 1977), the data are included in Table VII for

comparison with the size data in the previous tables for fibers classified by myosin ATPase

histochemistry.

Summary of data on muscle fiber size in nontrained human muscle

In studies which included a statistical comparison of mean fiber sizes, in men type IIA fibers

were most commonly the largest (six out of 10 cases); in two cases there was no difference in

the size of the three fiber types; and in the remaining two cases type IIA fibers were the largest

together with either type IIB or type I fibers. In women, type I fibers weremost commonly the

largest (three out of six cases); in two cases type I fibers were the largest together with type IIA

fibers; and in one case there was no significant difference in the size of the three fiber types. In

the one study which combined abdominal muscle data frommen and women, in twomuscles

there was no significant difference in muscle fiber sizes across the three types, in one muscle
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type IIA and IIB fibers were not significantly different and were larger than type I, and in the

fourth muscle type I fibers were the largest. Notably, none of these studies reported that type

IIB fibers were significantly larger than both of the other fiber types, and in only seven out of

20 cases were IIB fibers the largest in size with one or two of the other fiber types.

Studies that did not include a statistical comparison of mean fiber sizes cannot be used to

demonstrate differences or similarities in the size of the different fiber types. The pattern of

mean fiber sizes is, however, important as the IIB, or FG, fiber type has never been reported

to have a larger mean size than the other two types.

Why do fiber size descriptions in textbooks commonly not match the research data?

The initial work documenting motor unit and muscle fiber properties was conducted using

cat hind limb muscles, and found that muscle fibers within the greatest force producing fast

fatigable (FF) motor units have the largest cross-sectional area, compared with muscle fibers

within type slow (S) or type fast and resistant to fatigue (FR) motor units (Pierotti et al.,

1991; Unguez et al., 1993). Muscle fibers in FF motor units were subsequently identified as

type FG muscle fibers (Clamann, 1993), and in the cat hindlimb type FGmuscle fibers have

the largest mean cross-sectional area of the three fiber types (SO, FOG, FG) (Martin et al.,

1988; Roy et al., 1992). These animal data have been reported in physiology textbooks

(Burke, 1981) and in an early review paper on motor unit and muscle fiber properties by

Burke and Edgerton in the journal Exercise and Sport Sciences Reviews (1975). It is essential to

note that in Burke and Edgerton’s review in a journal devoted to exercise and sport sciences,

virtually all of the data presented, and all of the muscle fiber size data, were animal (typically

feline) rather than human. This is an important consideration given that large interspecies

differences in muscle fiber and motor unit properties are known to exist (Clamann, 1993;

Prince et al., 1976, 1981; Saltin et al., 1977; Simoneau, 1990).

Accordingly, a likely explanation of the mistakes seen in some human physiology, anatomy

and exercise science textbook descriptions of muscle fiber sizes is that animal data may have

been presented without being labeled as such, and without the caveat of interspecies

differences in muscle fiber properties. For example, the exercise physiology text by Plowman

and Smith (2008), when stating that type FG fibers are the largest of the three fiber types,

does not mention species (pp. 515–6, Table 19.2, Figure 19.15) and cites a previous exercise

physiology text by Edington and Edgerton (1976). Plowman and Smith’s Figure 19.15

illustrating that type FG muscle fibers are the largest of the three fiber types is adapted from

Edington and Edgerton’s Figure 4–2, which also does not mention species. These figures,

however, are the same as presented in Figure 1 in the review article by Burke and Edgerton

(1975), in which the data are labeled as being from motor units in the cat medial

gastrocnemius muscle. Clearly, the identification of the species under examination was lost

as the data moved from source to source. Similarly, in McArdle et al.’s exercise physiology

text (2007), type IIB muscle fibers are listed as the largest, with the table reporting this

information citing an article in Exercise and Sport Sciences Reviews by Kraus et al. (1994). The

data presented and relevant sources cited by Kraus et al. showing type IIB fibers as the largest

type, however, are animal data. This review by Chalmers and Row found one human exercise

physiology text that did state that its muscle fiber data were from animals as well as humans

(Tipton, 2006). Unfortunately, however, the text did not specify which muscle fiber

properties were from which species (Tipton, 2006). Notably, in Enoka’s textNeuromechanics

of Human Movement the table reporting that type IIB fibers are the largest of the three fiber

types clearly states that the data are from cat muscle (Enoka, 2008), although the reader is

not cautioned that these muscle characteristics may not apply to human muscle.
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Human muscle fiber size data and the size principle

Researchers examining human muscle have described type IIB muscle fibers as ’ . . . rarely

recruited and activated . . . ’ (Staron et al., 1989) and ’ . . .used to meet the demands of

unaccustomed physical activity’ (Adams et al., 1993), which indicates that type IIB fibers are

found late in the recruitment order. The fact that type IIB muscle fibers are not the largest in

humans does not violate the size principle because the size principle is based on motor

neuron size (Henneman et al., 1965), not muscle fiber size. It has been reported for humans

that the magnitude of motor unit tension increases through the recruitment order

(Dideriksen et al., 2010; Milner-Brown et al., 1973). If type IIB muscle fibers are not the

largest fiber type, how can they produce greater motor unit forces than previously recruited

motor units, some of which may consist of similarly sized or larger muscle fibers? This would

be possible if the number of muscle fibers innervated by the larger, later recruited, motor

neurons in humans is greater than the number of muscle fibers innervated by smaller motor

neurons. Innervation ratio is difficult to quantify definitively, even in animals, because it

requires the counting of all the muscle fibers innervated by a single motor neuron (Lieber,

2010). In humans, indirect evidence suggests that motor neurons with larger twitch forces,

later in the recruitment order, innervate a greater number of muscle fibers (Buchthal et al.,

1959; Hamilton-Wright & Stashuk, 2005), which could allow a greater motor unit force

production even if the muscle fibers were a similar size or smaller than previously recruited

muscle fibers.

Implications

To understand the contribution of different types of muscle fibers to force generation, and

the adaptive changes in muscle fiber size following chronic changes in activity or with aging,

it is essential to start with correct information about the size of type identified fibers in

nontrained muscle of young adults, including gender specific differences. Unfortunately, it

is the authors’ experience that students typically enter advanced exercise science classes

with the wrong belief that type IIB fibers are the largest fiber type in humans, learned from

the textbooks used in anatomy and introductory exercise science classes. This creates

confusion when the students are exposed to research literature that accurately reports fiber

sizes as discussed in this review, and when students interpret reported changes in muscle

fiber sizes. For example, it has been reported that resistance training may result in a

reduction in the proportion of type IIB fibers in a muscle, as a greater proportion of fibers

express type IIA myosin heavy chain (Campos et al., 2002; Hather et al., 1991; Staron et al.,

1989). It can, perhaps, contribute to understanding why this could be advantageous when it

is realized that the shift is occurring in a direction towards type IIA muscle fibers that are

most commonly innately larger (13 out of 20 cases examined with statistical analysis), or

may be equal in size (seven out of 20 cases) compared with IIB fibers, and not that the

largest fiber type in the nontrained muscle is being lost. Similarly, the observation that

detraining or spinal cord injury produces an increased proportion of type IIB fibers in

afflicted muscles (Biering-Sørensen et al., 2009; Staron et al., 1991) may be better

understood by recognizing that in these reduced activity situations, type IIA muscle fibers

are not converting to a fiber type that is innately larger. Course instructors and textbook

authors, in human focused programs such as exercise science, could best prepare students

with regard to muscle physiology if they made it clear when they were describing human

versus animal data, and if when presenting animal data they included a caution regarding

possible interspecies differences.
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