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Common errors in textbook descriptions of muscle fiber
size in nontrained humans
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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 examining muscle 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 ITA 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
than both type I and ITA, or slow oxidative and fast oxidative glycolytic fibers. The likely reason for mistakes
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 in muscle fiber properties.
Correct knowledge of muscle fiber sizes may facilitate interpreting training and aging adaptations.
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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 human muscles are examined, as discussed below. Yet type IIB muscle 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 ITA 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 & Nimmao,
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 ITA 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



G.R. Chalmers & B.S. Row

256

"duIIpUN A PIYNUDPL ST AN[EA UBIW 1591813 Y1 (IM 9dA1 19qy dY, , ¢ (UONEIADD PIEPUEIS) UBIA , “APMIS 9Y) UI P3IONPU0D sem dNOIS [01U0D Y Ulm ‘sodAy
3 I _ I < .
I9QY 921U Y SSOIOE DZIS I9qY UI SOOUSIHIP 10§ SUMIsal [ednsnels & wrl se pa110dar ease [EUONIIS-SS0I0 UBSTN ,, £'18951e] 911 10U 210M $19qY ] 2dA1 ‘S9XdS 10q 10,] 220N

qII < VII =1 SOK s 2T 1'1e (coL) 911¢ (L98) 6L8¢ -(568) ¥80% UDUION
qI1 = I < VII S9K S6 N(A NN (FeeT) 0916 (L8ST) pPLI9 -(9821) ¥¥8% WN
S1[NSAI [BOTISHIBIS qSUNIsAl [ed1IsTIelg $102[qns JO IdqUINN (s18aK) 93k 1092[qng q11 2dAT, VII 2dAT, 1 2dA4T,

*(0002) ‘Te 12 uoIelg £q SISA[BUB-BIOW & UT P110daT ‘SI9QY S[OSNU SI[BI2IE] SNISEA UBWINY JO SALIOSIIBD 92IY] JO ,BIIR [BUONIDIS-SSOIO IoqY J[OSNUI UBITA ‘T A[qBL,



257

Common errors in textbook descriptions of muscle fiber size

‘parxodax jou sonjea oygrdads 1nq ‘paydes eiep eaie
P 1 I q Py P

[EUOND38-55010 12qY UBSJA], £*Pa11odar (wrl) 1a19Werp 1qy UedA , ¢ [95ueI] UBSIA 5 &'PIUIqUIOD SISO (AT IR, 99S) SOIWUI0NSES [2I91E] PUE JOLIAIUE SI[BIQL ‘SNI[OS
‘SI[EID1E] STISEA WOIJ BIEP JOF ST NS [EDISIIEIS YL A[IYM D[DSNU SI[EIDIE] SNISEA 3 J0F ATUO 218 219 pa1uasdid elep, & <IOLID PIEPUEIS> UBIA , SIUIIapun £q paynuapt
ST oN[eA UBAU 15218218 o (M 2dA) 19qy YT, ¢ (UONEBIASD PIEPUEIS) UBSA, ©APNIS U1 UI PAioNpuod sem dnoid [0nuod ) unpim s2dK1 12qY 2211 A SS0I0E dZIs
I9QY UL SOOUAIHIP 103 SUMSd] [EONSHEIS  €'PaIOU A[EnplaIpur 210y 1do0xd < u se pa110dal BdIe [BUONIS-SSOID UBIA] , €SIZIS QY UedUI 213 Sun1odor uaym 2ouedyrusis
[BO1ISTIE]S JO $1S91 PIPN[OUT SAPNIS ISAYI JO INOJ AJuo y3noyafe ‘s1oqy g1 2dA1 ueyl 1081e] sem s1oqy YT 2dA1 211 JO BIIB [BUOIIDIS-SSOIO UBIW dYI SAPNIS I [[B U] 210N

(8002) 'Te 12 SuIsSIA ON ¥ >(6°€) 1'ST Trews a31g] , wnipaw
(8002) 'Te 32 SIpIsaY] ON L (€' 1) 90T (eT11) €cev (80%1) 96¥S  L(SLLD) L¥9¥
(9002) 'Te 10 PIIEW ON €1 <I>6T  <LgE>ThIE  <89¢>PbeLe ,<88T> I19¢
(9002) 'T& 30 BUOIOY, (O ON S ><10'C> 662 [rews wnipaw , d81e]
(¥002) "Te 12 32q1eH ON 4 »<0'1>60T  <CTI¥P> €IS  <LTI>LIT9  ,<LEE> 0TED
(€002) 'Te 39 USURPEH ON 91 -(©) 8¢ (68€T1) 9¢8% (6<91) LLES  5(0901) €TOS
(200?) T8 10 sodwre) ON 9 -(8'6) 9'1€ (€¥01) 8%9% #¥61) 0L09  (F6¥I) 80TS
(6661) 'Te 19 UID ON 9 2<E0>T6I  <P6I>LLESS  <961>SSH9  ,<CVI> 0F8¥
(1661) T8 19 BYIRH ON 8 S<I>¢e  <8IF>¢€8IF  <bhOF>96LS ,<SLT> ¢IT¥
(0661) ‘T8 12 uosyor[ urziey ON 1 paSe a897]00 [[ews J81e] , wnrpaw
(0661) ‘T& 32 BUYIIPIN ON (14 (€T 61T L1 z8 1) ¥8 qo(ED) 0L
(9861) 'Te 12 pnT ON 8 s[02—91] 81 0§47 €18% LETH
(¢861) T 19 nesuowig ON LE (6 1°9¢ (6621) 106¢ (ev1D 81LF  ,(9¢€T) 8ISH
(1002) 'Te 19 105210 JVII > g1 > I S9K 8 o(8) 68T  <9IC>OLI9  <CP9 >€L8L  ,<99¢> LTI
(002) T8 19 £105391D qIl = VII > I SR 8 L<E>€E <CLE>LLL9  <66T>9869  ,<IT¢> £00S
(1002) 'Te 12 _RSOH qi < VII =1 S9K () S(I'T) €02 (9211) 9¥1¢ (LLen) 659 L(ILOT) LIES
(¥861) L
OwWwIN R UeySnepy a1 = 1< VI S9K <1 -»(9) 8¢ (gTL) c98¢ (6L8) ,SSO¥ »(669) 920¥
010§ S1[Nsa1[ednsnels  (Sunsal [ednsnelS  $109[qns Jo soquunN  (sreak) a5e 102(qng dq11 2dAT, VII 2d4T, 1 2dAT,

"UQW 9AIIOR A[[BUONIBIIOAI
10 PAUIBIIUOU JO J[OSNUI SI[BIDIL] SNISBA 9UI UL ATISIWIAYD0ISIY SB[y UISOAW AQ PIYISSE]d SI9QY 9[OSNUW JO ,BIIB [BUOIDIS-SSOID UBawW 9yl Surtodal sarpnig ‘I 9[qBL,



G.R. Chalmers & B.S. Row

258

' <JI01I3 PIBPURIS> UBITA 5 {SUIMIOPUN AQ PIYNUIPI SI AN[BA UBIW 1531813 91 YIIm

2df1 19qy 2y [, ¢*(UONEIAdp pIepuels) Ued, ¢ [a5ue] ued|y , ¢'parrodar lou sanfea dyroads 1nq ‘paydeid elep BaIE [BUONDIS-SSOId 1qY UBIA[, S'Apnis o) Ul pa1onpuod
3 <. Ce <

sem dnois [0nuod Y1 urpm s2d4A1 19qY 32111 A2 SSOIOE AZIS I2qY UI SIOUIIP J0§ Sunsal [edNSHEIS ; ©Parou A[[enprarpur a1y 1dooxs € wrl se parrodar ede [BUONDS

-SSOI0 UBIJA[ ,, $"SIAIPNIS Y1 JO OM] AJUO UL PIIONPUOD SBM PIAIISO SIOUIIIJIP UBIW 31 10J Sunsal [BoNsneIs YySnoyaye 1sa81e] oY1 d1om s19qy ] 9dA1 958D I1s0W U] 270\

(9002) 'Te 19 [3IBY ON 6 3<¥'0>9¢ <99%> 8861 <ILT>¢8GT  3<¥9T> 618C
(S861) 'Te 32 nesuouwg ON 8¢ S(L€) 9T (To11) €LLT (Le11) ¢8s¢ 5(026) ¥I1¥
(1002) 'Te 12 1epsoHq Il < VII=1 BN 91 ST oz (€9L) 06¥%¢ (TLL) 68¢¥ S(1%9) 8¥6¢
(1861) preesAN n<I SOK 47 » [0F—22] 9T [rews wnpaut 5 59878
2010 SI[NSAI [edNISHEIS  ,SUNSA [BONSNBIS  $109[QNs Jo QNN (s18a4) 25e 109(qng q11 9dAT, VII 2d4T, 1 2dAT,
“uawrom

PaUTEIIUOU JO J[OSNUI SI[EId]E] SNISBA ) UI ATISTWAYO0ISIY 258 ] )Y UISOAW AQ PIYISSED SIAQI J[OSNUI JO ,BAIR [BUOIDIS-SS0I0 Iaqy uedw a1 Sunirodar sarpnig ‘[IT [qEL



Common errors in textbook descriptions of muscle fiber size 259

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 Hiaggmark 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
(FQG) 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 were most commonly the
largest (three out of six cases); in two cases type I fibers were the largest together with type ITA
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 from men and women, in two muscles
there was no significant difference in muscle fiber sizes across the three types, in one muscle
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type ITIA 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 FG muscle 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 text Neuromechanics
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-Serensen 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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