
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Activity of hindlimb muscles

Hensbergen, E.

Publication date
2000

Link to publication

Citation for published version (APA):
Hensbergen, E. (2000). Activity of hindlimb muscles. [Thesis, externally prepared, Universiteit
van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/activity-of-hindlimb-muscles(521243d2-ec9a-4a27-9b3d-8074543d54ba).html


Chapterr VI 

Relationn between fibre composition and daily duration 
off  spontaneous activity in ankle muscles of the cat. 

D.. Kernell, E. Hensbergen, A. Lind and O. Eerbeek 
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I N T R O D U C T I O N N 

Thee main aim of the present study was to provide experimental data concerning 
thee relation between fibre type composition and the amount of daily activity in 
limbb muscles. 

Itt is well-known that skeletal muscles are markedly heterogenous in their com-
position,, consisting of units showing pronounced differences in speed, fatigue-
resistancee and related histochemical properties (reviews: 3,19). These specializations 
aree such as to make the units differentially suited for different motor tasks; the 
slow-twitchh fatigue-resistant units (S-units) are well adapted for producing long-
lastingg postural contractions whereas the fast glycolytic fibres (many of which are 
alsoo highly sensitive to fatigue) would be the best ones to use for brief but intense 
boutss of power needed for the acceleration of limbs in fast movements. 

Amongg limb muscles acting on the same joint, marked differences may exist 
withh regard to their relative proportions of differently specialized muscle fibres 
andd units. Thus, for instance, in mixed ankle muscles of the cat, the percentage of 
sloww type-I fibres (also referred to as type SO) varies between around 6 and 26% 
(e.g.. 1); the cat's soleus falls in an extreme class of its own, typically being 100% 
slow.. These differences would suggest that the various ankle muscles might differ 
inn their relative roles for the maintenance of posture (i.e. in their "posture vs. 
movement""  tasks, cf. 19). Experimental indications for such differences are avail-
ablee for the cat's soleus as compared to other neighbouring muscles: in quiet 
standing,, soleus does indeed show a higher degree of postural activity than its 
immediatee synergists (28; see also 6). For mixed limb muscles this question has 
nott received much experimental attention. The main preceding investigation was 
performedd in man, quantifying electromyographic (EMG) activities during an 8 
hourr working day and comparing the results to published data on fibre composition 
(24). . 

Wee have recently been measuring the daily duration of spontaneous activity for 
cat'ss ankle muscles (15). Also among mixed muscles we then observed marked and 
systematicc differences, on average by a factor 5 from the least to the most active 
one.. Since these measurements were completed, the cats have been sacrificed and 
theirr ankle muscles have been subjected to histochemical studies. In the present 
paperr we have used these data for an analysis of the relationship between histo-
chemicall  muscle composition and measurements, in the same animals, of the 
durationn of daily muscle use. To make such direct comparisons is relevant because 
evenn for the same species of muscle, the composition may apparently vary consid-
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erablyy between different individuals (see, for instance, examples of such a variabil-
ityy in biopsy studies from man, e.g. 22). Such variations might have been respon-
sible,, we hypothesized, for the puzzling lack of consistency between some of our 
physiologicall  results (greater duration of daily activity in peroneus longus than in 
tibialiss anterior or extensor digitorum longus; 15) and data on histochemical fibre 
compositionn in previously published reports (percentage of type I fibres much 
lowerr in peroneus longus than in tibialis anterior or extensor digitorum longus; 1). 

Ourr measurements of activity and our present assessments of fibre composition 
weree performed for different regions within several of the muscles (15). This is of 
interestt in connection with preceding findings that the intra-muscular distribution 
off  voluntary motor unit activity might be related to the regional distribution of 
fibree types (4); however, it is also known that the intramuscular distribution of 
activityy may display marked variations in relation to the co-activation patterns 
("tasks")) in which the target muscle is being used (e.g. 14,17). 

Ourr main conclusion was that there is indeed a "corse-grain" relationship be-
tweenn fibre type composition and the duration of daily activity among mixed ankle 
muscles.. The possible mechanisms underlying this relationship are further dealt 
withh in the Discussion, and comparisons are made between the present data from 
catss and those previously published for man (24). 

METHODS S 

MeasurementsMeasurements of daily spontaneous activity. 

Thee physiological data to be presented in this paper were from the same experiments as those 
off  (15), in which the relevant methods and procedures are described in detail. Briefly, the 
measurementss were collected from 4 adult female cats, provided with implanted bipolar elec-
trodess for electromyographic (EMG) recording from (different regions of) various muscles of the 
hindlimbb (2 cats rightside, 2 cats first leftside and during a second operation rightside). The 
recordingss were obtained from tibialis anterior on the anterior (TAA) and posterior TAP) side, 
peroneuss longus on the anterior (PLA) and posterior (PLP) side, lateral gastrocnemius on the 
anteriorr (LGA) and posterior (LGP) side, the anterior side of soleus (SOL) and the posterior side 
off  extensor digitorum longus (EDL). During 24 hr measurement sessions the experimental cats 
stayedd within a recording box o f l x 3 m ( l m high) and were accompanied by another cat from 
thee same animal housing group. In each 24 hr session, EMG recordings from 2 of the bipolar 
electrodess were collected by telemetric transmission via small senders carried on the back of the 
cat.. EMG samples of 4 min duration were recorded on tape once every 30 min (i.e. 48 samples 
perr 24 hr). For the off-line analysis, the EMG was first rectified and smoothed to produce an 
"integratedd EMG" (iEMG, smoothing time constant 20 ms). In the present context (15), the 
quantificationn of the signal had been limited to measurements of the total accumulated time 
containingg iEMG activity (total "on-time") during each one of the 4 min sampling periods. For 
eachh sampling period, the "duty time" (%) was calculated from the ratio between the total on-
timee and the total sampling duration. The total daily duration of activity (% of 24 hr) was 
calculatedd as the average of the duty times collected during a 24 hr measurement session. 

CollectionCollection and preparation of muscle tissue. 

Att the time of the terminal operations, the 4 experimental animals were about 7-8 year old 
andd weighed 2.9-3.8 kg; the present physiological measurements had been performed about I -
2.55 years earlier (see 15). The animals were anaesthetized with pentobarbitone (i.p., initial dose 



62 2 

MUSCLEE COMPOSITION AND ACTIVITY 

400 mg/kg body weight). Within both hindlimbs, a solution of alcian blue in alcohol was used 
forr marking, on the muscles, the locations of electrode implantations; following the physiologi-
call  measurements, the electrodes had been left in the leg (fixed with ligatures to the fascia) and 
couldd be retrieved during the final operation. As an aid for later orientation, blue marks were 
alsoo applied to the lateral sides of tibialis anterior TA), extensor digitorum longus (EDL), and 
peroneuss longus (PL). These muscles and the soleus (SOL) were then rapidly excised and the 
catss were killed with an i.v. overdosis of pentobarbitone. Gastrocnemius lateralis was not 
includedd in the present direct comparisons; its daily activity had been monitored in only one of 
thee cats. 

Withinn 30 min after their removal from the body, the muscles were weighed, bound to a 
simplee holder in a slightly stretched position, and fixed by freezing in isopentane cooled by 
liquidd nitrogen. The next day, serial sections of 10 u.m were cut from the various muscles at 
proximo-distall  levels approximately corresponding to the sites of the implanted EMG electrodes. 
ForFor the EDL, SOL and TA muscles these sections were taken from the mid-belly portions and 
forr PL from a site proximal to the midbelly level. Al l sections were stained for myofibrillar 
ATPasee (mATPase) according to the method of (2), modified as described in (23). 

AnalysisAnalysis of muscle sections. 

Eachh glass slide carrying stained muscle sections was provided with a translucent "cell finder 
culturee slide" (Microlab, Holland) which contained subdivisions into labelled "measurement-
squares""  of 200 x 200 urn. For the data shown in Table I, counts of relative numbers of different 
categoriess of fibres were primarily obtained from sampling regions of 4 mm wide and 2 mm deep 
centredd on sites corresponding to (or, when applicable, identified as) muscle-surface locations 
forr implanted EMG electrodes. Within each such region, counts were taken from every second 
measurement-square.. Hence, measurements from each one of the 8 mm2 sampling regions would 
ideallyy have required fibre counts from 100 measurement-squares. In reality, some squares 
withinn the sampling area (about 5 %) were filled with non-muscular components (e.g. connective 
tissue,, blood vessels) and others were only partly filled with muscle fibres (non-empty squares 
were,, on average, 90 % filled). Counts and classsifications were only made within regions 
showingg no signs of muscle damage or degeneration. 

Withinn each measurement-square, counts were made of fibres classified as belonging to types 
I,, IIA or IIB on basis of their mATPase reactions following acid preincubations (after acid 
preincubationn at pH 4.7: type I dark, IIB intermediate, IIA light; after pH 4.1: type I dark, IIA 
andd IIB light; cf. 2). A few fibres with staining intensities intermediate between the IIA and IIB 
clusterss were designated as IIAB . Physiologically, fibres of mATPase-type 1 tend to be slow-
twitchh fatigue-resistant, IIA tend to be fast-twitch fatigue-resistant and IIB tend to be fast twitch 
fatigue-sensitivee (review: 3). The summed counts from each measurement region of 8 mm2 were 
usedd for computing the percentage-wise representation of each fibre type. Taking the real 
measurementt area into account (i.e. after subtracting fibre-empty portions of the measurement-
squaress from the total area), the total fibre counts were also used for calculating the mean fibre 
densityy (fibres/mm2) within the measurement region. It should be noted that we did not measure 
individuall  fibre diameters; hence, densities were not computed separately for each fibre type. 

Duee to technical reasons, (part of) histochemical sections from some of the muscles were not 
inn an optimal condition for quantitative assessments of fibre types. Therefore, the numbers of 
investigatedd regions are somewhat different for different muscles and sampling sites (cf. Table 

Inn addition to the measurements of Table I, which were all sampled from 8 mm2 muscle 
regions,, the analysis of PL was also in two cats (4 muscles) performed for the'whole of each 
utilizedd mATPase-stained section. Outside the 8 mm2 anterior and posterior "standard areas", 
fibress were then counted and classified within every fourth measurement square of 200 x 200 
u,m.. Using these measurements, percentages of occurrence for each fibre type were calculated 
forr the anterior and posterior half of the total PL cross-section. 
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StatisticalStatistical methods. 

Comparisonss between muscle sites were performed with a one-way ANOVA , supplemented 
withh post-hoc Tukey tests for the analysis of pairwise differences (calculat ions performed with 
thee statistical package Systat). For compar isons between anterior and posterior port ions of the 
samee muscles, paired t tests were used. Regression lines in Figs. 1-2 were calculated by the 
methodd of least squares. Data were considered significant for P < 0.05. 

Tablee I. - Fibre type frequencies in different muscles and muscle regions. 

Muscle e 

EDL L 
TAA A 
TAP P 
PLA A 
PLP P 

N N 

6 6 
4 4 
7 7 
8 8 
8 8 

Typee I % 

5.11  3.1 
2.9+1.5 5 

0 0 
0 0 

11.8*3.1 1 

Typee IIA % 

27.33  5.0 
4 4 

22.2+4.0 0 
23.6+4.3 3 
20.5+4.3 3 

Typee [IB % 

60.88  9.0 
6 6 
9 9 

59.1+6.6 6 
64.4+6.1 1 

Typee IIAB % 

6.88  2.3 
4 4 

2.7+1.0 0 
4 4 

3.3+1.1 1 

Fibres/mm2 2 

2922  40 
343+85 5 

0 0 
359+77 7 

1 1 

Abbreviations.EDL:Abbreviations.EDL: extensor digitorum longus; TAA and TAP: anterior and posterior recording sites 
off  tibialis anterior; PLA and PLP: anterior and posterior recording sites of peroneus longus. N: the 
numberr of investigated muscle recording sites. Mean  S.D. given for measurements of relative 
frequencyy for each of the four different fibre types !, IIA , IIB and 1IAB, as classified on basis of their 
stainingg properties for myofibrillar ATPase (see Methods). Fibres/mm2 gives mean  S.D. for the fibre 
densityy in each investigated muscle region. The total number of fibres classified for each muscle 
recordingg site was about 3-4 times the fibre density. 

R E S U L T S S 

HistochemicalHistochemical composition of the ankle muscle recording regions. 

Thee results of the present histochemical measurements have been summarized 
inn Table I. A one-way analysis'of variance (ANOVA) per fibre type for the data 
off  this Table showed that the five muscle regions were significantly different with 
regardd to the frequencies of occurrence of fibre types I, IIA , IIB and IIA B (P < 0.01 
orr better), whereas no clearly significant difference was present for fibre densities 
(i.e.. for mean fibre size; P = 0.076). Post-hoc tests for pairwise differences 
betweenn the muscle regions revealed that the peroneus longus sites PLA and PLP 
weree both significantly higher in their percentage of type I fibres than either the 
extensorr digitorum longus or the tibialis anterior regions (EDL, TAA , TAP; P < 
0.022 or better for all six comparisons), whereas no significant differences were 
foundd between PLA and PLP or between EDL, TAA and TAP (see, however, 
beloww for paired TA comparisons). With regard to the distribution of different 
varietiess of the presumably fast type-Il fibres, the differences were less consistent 
(seee Table I); a significantly lower frequency of type IIA fibres for peroneus 
longuss than for the other cases was only found for PLP vs. EDL, and for IIB fibres 
suchh a difference was only significant for TAA vs. PLA or PLP. In all muscles a 
smalll  number of "transitional" fast-type fibres were noted, here classified as type 
IIA BB (Table I; see Methods); this fraction was about twice as common for EDL as 
forr the other muscle regions (P < 0.01 for all comparisons). The soleus muscles 
did,, as expected, in all cases contain 100 % type-I fibres (not included in Table I). 
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Forr anterior vs. posterior muscle regions studied from the same animals, we also 
usedd paired t tests for the examination of differences in fibre type composition. 
Thiss analysis revealed the presence of a significant difference between anterior and 
posteriorr regions of tibialis anterior (TAP > TAA for type I and IIA fibres, TAP 
<< TAA for IIB fibres; P < 0.05). For anterior and posterior regions of peroneus 
longus,, no clearly significant differences were found with regard to fibres of type 
II  or IIA ; type IIB fibres tended to be somewhat more common posteriorly (P < 
0.05;; cf. Table I). 

Forr peroneus longus, the data of Table I did not corroborate previous findings 
fromm our own laboratory, which had suggested that there would be a weak tendency 
forr somewhat greater relative populations of slow-twitch units and oxidative fibres 
inn posterior than in anterior regions (physiological data, 21; staining for succinate 
dehydrogenase,, 18). Hence, we subjected 4 of the present PL muscles to additional, 
moree extensive measurements, classifying fibres within the whole of each cross-
sectionn (see Methods). These determinations led to results similar to those of Table 
I:: the percentage of type-I fibres was 16.5  2.4% (S.D.) in the anterior half of PL 
andd 15.4  3.8% in the posterior half (n = 4 muscles for each mean; paired t test, 
P>> 0.6). Thus, there was no evidence that the PL results of Table I were due to a 
choicee of "non-representative" sampling sites. 

10 0 

8 8 

SS 6 
"> > 
"a"a 4 
< < 

2 2 

00 5 10 15 20 

Typee I fibres (%) 

Fig.. 1. - Relationship between duration of daily spontaneous EMG activity (given in % of 24 hr) and 
proportionproportion of type 1 fibres (%) for all the 15 mixed-muscle sampling sites for 
whichwhich both types of measurement were available. 

Separatee data-points for each cat; when applicable, measurements from left and right legs were 
combinedd for each animal. Different symbols for extensor digitorum longus (EDL, circles), peroneus 
longuss anterior site (triangles, PLA) and posterior site (squares, PLP), tibialis anterior anterior site 
(crosses,, TAA ) and posterior site (asterisks, TAP). Regression line for all data together calculated by 
methodd of least squares. 
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RelationRelation between histochemical muscle composition and mean duration of daily 
activity. activity. 

Onee of the main aims of the present investigation was to compare histochemical 
compositionss and long-term activity durations for the same muscle recording 
regionss (see Introduction). For the 5 histochemically studied regions of fast-mixed 
muscless (EDL, TAA , TAP, PLA, PLP) in 4 cats, there were a total of 15 cases for 
whichh we also had physiological recordings of daily durations of activity. Al l these 
individuall  cases are plotted in Fig.1, using different symbols for different muscle 
regionss (when applicable, results for left and right legs of each cat were combined). 
Thee data demonstrate that there was a statistically highly significant positive 
correlationn between the percentage of slow type I fibres and daily duty time (r = 
0.76,, n = 15, P < 0.001). A similar degree of correlation was obtained when instead 
analyzingg relationships between activity and histochemical composition for indi-
viduall  legs, i.e. without combining the measurements for right and left legs in each 
catt (r = 0.69, n = 14, P < 0.01: for these statistics, the occasional cases could not 
bee included in which successful measurements of activity and histochemistry had 
beenn obtained from different sides). 

Inn Figure 2 A we have extended the same type of analysis to include the 100% 
slow-fibredd soleus. Furthermore, in this graph we have summarized the data such 
thatt it now includes only one mean value per muscle recording site (i.e., data from 

A„ „ 

££ 10 
>> > 

II 5 

10 0 

Typee I fibres (*) 

100 0 10 0 

S-unltt force (* ) 

100 0 

Fig.. 2. - A. Relation between mean daily activity duration (%) and mean proportion of type I fibres 
(%)(%) per muscle recording site. 

Inn this plot, one mean value is shown for each one of the 5 muscle sites represented in Fig.1 and 
forr the soleus muscle (100% type I fibres). 
AbbreviationsrEE extensor digitorum longus, P peroneus longus (anterior and posterior value), S 
soleus,, T tibialis anterior (anterior and posterior value). Logarithmic abscissa. 

Fig.. 2. - B. Relation between mean daily activity duration (%) and the fraction (%) of total maximum 
musclemuscle force delivered by slow-twitch units (S units). 

Abbreviations:: G gastrocnemius lateralis; otherwise as in A. Force data from previous publications 
(88 forT and E; 20 for P; 11 for G). For soleus (S), the value for S-unit force was set to 100 % (cf. 
3).. Data on daily activity were taken from measurements of (15); for G, T and P the means of anterior 
andd posterior activity durations were used. Logarithmic abscissa. 
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alll  cats combined). The two mean parameters clearly show a positive correlation 
(rr = 0.942 for the plotted lin-log relation, n = 6, P < 0.01). When analyzed over 
thee broad range of Fig.2 A there was not a simple linear relationship between the 
percentagee of type I fibres and the duty time: in comparison to peroneus longus, 
thee frequency of type I fibres was about 7-8 times greater in soleus whereas its 
averagee daily duty time was only about 1 .5 -2 times more prolonged. However, 
withinn the more limited range illustrated for the fast-mixed muscle regions of 
Figuree 1, the data would fit reasonably well to a relationship of roughly direct 
proportionality,, showing about 2% increase in type I fibres per 1% increase in 
dailyy duty time. 

Inn Figure 2 B we have used data from previously published reports (mostly from 
otherr laboratories, see Legend), to provide a comparison between physiological 
evidencee of muscle composition and our measurements of long-term activity. Not 
surprisingly,, the relationship of Figure 2 B is similar in nature to that seen in panel 
AA (lin-log relation with r = 0.895, n = 5, P < 0.05). 

D I S C U S S I ON N 

Onee main result of the present study is that we have demonstrated, more directly 
thann in preceding investigations (24), that differences in muscle fibre composition 
indeedd tend to be associated with differences in normal long-term muscle use: the 
longerr the daily durations of spontaneous activity of a muscle region, the higher 
iss typically its percentage of slow type I fibres (Fïgs.1, 2A). Although, in a 
qualitativee sense, our conclusion is not unexpected (cf. earlier reviews, e.g. 3), this 
iss the first time that a direct quantitative comparison has been made between the 
measuredd type I composition and the measured duration of daily activity in the 
samee muscles. Below we wil l discuss these findings in relation to three particular 
aspects: : 

1)) our data on muscle fibre composition in comparison to those previously 
publishedd from other laboratories for the same muscles; 

2)) the mechanisms possibly underlying the "coarse-grain" correlations in Fig-
uress 1-2, and the presence of apparent exceptions from the typical positive corre-
lationn between activity duration and fibre composition; 

3)) the present data for cats are compared to those previously published for man 
(24). . 

1.. The histochemical measurements: comparisons to other reports on fibre type 
compositioncomposition in cat ankle muscles. 

Forr all the three muscles of Table I, our percentages for type I fibres tend to 
differr from those reported in preceding publications. For TA our figures are lower 
thann those reported by others (19% type I fibres, ref. 1; 12%, ref. 8; 9% superficial, 
22%% deep, ref. 27; 5% superficial, 11 % deep, ref. 4), and this is true also for EDL 
(144 % type I, ref.1). On the other hand, type I fibres were apparently substantially 
moree common within the present PL muscles (Table I) than in those of (1) (6 %). 
Whenn measured over the total cross-section, the range of variation was about the 
samee for those 4 PL muscles (10 - 19 %) as was reported in corresponding 
measurementss of (7) (10 - 21 %, mean 18 %). 
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Differencess in reported fibre composition for the same muscles might be due to: 
i)) variations in staining technique, ii ) variations in sampling technique, and/or iii ) 
genuinee differences in muscle composition between different individual animals. 

i)) Staining techniques for mATPase. In this context, the risk for inconsistent 
resultss would primarily exist for the differentiation between fibres of types IIA and 
IIB .. The white vs. grey distinction between these fibre type groups is optimally 
presentt only after preincubation within a limited and species-related range of pH 
valuess (2; cf. also 25). Furthermore, the transition in staining properties between 
thee two main groups of type II fibres is not completely discontinuous: in a minority 
off  the fibres, intermediate staining intensities may be observed (fibres classified 
ass IIA B in the present cases, Table I). With regard to the distinction between fibres 
off  types I and II the risks for inconsistencies caused by variations in staining 
techniquee would be much less; using standard methods for mATPase staining, the 
typee I fibres form a highly distinct group in serial sections subjected to different 
preincubationn (in present cases consistently stained black after pH 4.7 as well as 
4.1).. Therefore, we have concentrated on percentages of type I fibres when com-
paringg data from different reports. 

ii)ii)  Sampling problems. An important difference between our data and those of 
otherr reports concerns the choice of the region from which fibres were counted and 
classified.. In the present investigation it was important to get data from regions 
thatt corresponded, as far as possible, to those from which activities were sampled 
inn our long-term EMG recordings from the same animals. Therefore, we deter-
minedd the fibre composition within relatively restricted regions close to the (typi-
cal)) recording sites for the respective EMG electrodes. This self-imposed restric-
tionn may have led to some of the differences between our results and those of other 
reports. . 

Thee choice of sampling site is generally important because it is well known that, 
withinn single muscles, there are often large and systematic regional variations in 
thee frequency of different fibre types. Such regional variations in muscle compo-
sitionn make it difficul t to obtain a fully "representative" view of whole-muscle 
compositionn by sampling from a restricted muscle region. Therefore, in a preced-
ingg whole-muscle study of peroneus longus, we choose to measure the fibre type 
compositionn using a procedure for distributed sampling across a whole transverse 
musclee section (7). Even so, the sampling was restricted in covering only one 
proximo-distall  level of a muscle whose fibres are shorter than the total length of 
thee muscle. The "noise" introduced by sampling the fibre type composition from 
aa relatively restricted muscle region probably contributed to a relatively high 
variabilityy of the data; the mean coefficient of variation (SD/mean) for the propor-
tionn of type I fibres was 43 % for all the sampling sites of Table I. The variation 
betweenn corresponding data for left and right legs of the same animals was also 
relativelyy high: on average, the smallest value of a pair was 35 % smaller than the 
largestt one. 

Withh regard to the muscles of Table I, the presence of regional differences in 
fibree composition are since long well known for tibialis anterior (12) which, as we 
havee also confirmed in the present investigation, has a greater percentage of type 
II  fibres for posterior (deep) than for anterior (superficial) muscle regions (e.g. 4, 
27). . 

iii, )) Differences in fibre composition between individual animals. As the fibre 
compositionn of a muscle may change with age as well as with the level of motor 
activityy (reviews: 9,13), genuine differences may well exist between the experi-
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mentall  animals investigated in different laboratories. Furthermore, muscle compo-
sitionn varies with sex and with genetic factors (cf. twin studies, 22; see also 26). 
Whenn comparing the present data to those from elsewhere, it should be born in 
mindd that the cats we used were adult females (final ages 7 - 8 years) that had been 
raisedd in captivity as experimental animals (usually caged at night, in daytime 
playingg and interacting with other cats in a common room). Although these cats 
weree about 1 - 2.5 years younger during the EMG measurements than when the 
muscless were removed (see Methods), their muscle composition is unlikely to have 
changedd much during this period of time. At both ages the cats were adult but far 
fromm being aged (cats may live for more than 20 years) and their daily habits were 
veryy constant throughout. 

2.. Typical vs. atypical relationships between activity duration and fibre composi-
tion;tion; possible underlying mechanisms. 

Inn general, the present findings support the view that the percentage of type I 
fibress (slow, fatigue-resistant) is typically higher for muscle regions with a long-
lastingg daily activity than for those with smaller daily duty times (see also 24.). This 
wass true, in a "coarse-grain" fashion, for the group-wise differences between EDL-
TAA-TA PP vs. PLA-PLP vs. SOL (Figs.1-2) as well as for comparisons between 
anteriorr and posterior sides of tibialis anterior (posterior side: higher percentage 
off  type I fibres and longer total duration of daily activity; Table I, ref. 15). In this 
respect,, peroneus longus seemed something of an exception: also for this muscle 
thee posterior regions had longer daily duty times than the anterior ones (15), but 
theree were no signs of any corresponding difference in the percentage of type I 
fibress (Table I). There was no evidence indicating that this apparent lack of 
correspondencee between muscle composition and daily usage came about because 
off  sampling problems associated with the histochemical assessments. For a further 
discussionn of the apparently "exceptional" behaviour of peroneus longus it is 
importantt first to consider why a relation between fibre composition and daily 
usagee duration would at all be expected for any of the muscle regions. 

Thee slow, oxidative and highly fatigue-resistant S-type muscle units (type I 
musclee fibres) have, in comparison to other units (F units), contractile properties 
thatt are optimal for the maintenance of long-lasting contractions of weak to 
moderatee strength, such as wil l be needed in most muscles in connection with 
posturall  functions (see Introduction). Differences between muscles in their S-unit 
compositionn are probably partly genetically determined and partly caused by 
differencess in daily muscle (unit) usage. Due to their typically low threshold for 
recruitmentt as compared to that for other brands of units, the S units wil l be active 
duringg longer total times per day than the various kinds of F units (reviews: 3, 19). 
Correspondingly,, in the cat, heavy extra "training" in the form of chronic electrical 
stimulationn may even convert a fast-mixed muscle into a homogenously slowfibred 
onee (cat peroneus longus, 7). If muscle composition were precisely geared to 
functionall  needs, one might therefore expect that the fraction of type I fibres would 
correspondd to the fraction of muscle force needed to maintain postural contrac-
tions.. How does this possibly translate into the timing of the contractions? 

Iff  muscles with a prominent role in posture, delivering much postural force, 
weree also lower in postural threshold than their direct synergists (i.e. activated at 
aa lower postural torque-level for the respective joint), then a great duration of daily 
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Figg 3. - Comparisons between cat (left) and man (right) with regard to the mean day-time duration 
ofof spontaneous activity (given in % of total sampling lime) and the mean percentage of type I fibres 
inin tibialis anterior (T), lateral gastrocnemius (G) and peroneus longus (P). 

Thee human activity data were taken from the published measurements of (24), which concerned 
ann 8 hr working day. For comparison, the plotted cat data are averages from highly active periods 
aroundd noon (derived from measurements of 15). Histochemical data were taken from Table I for the 
cat 'ss PL and TA, from (1) for cat 's LG, and from (16) for man. Whenever applicable (see Table I), 
meann values were computed for anterior and posterior measurements. 

activityy might indeed be expected for muscles with a relatively high percentage of 
typee I fibres. It should be stressed, however, that such a relationship is not self-
evident:: it would only be expected for comparisons between muscle regions show-
ingg close and similar linkages between their relative postural thresholds and their 
relativee postural force contributions. In fact, the present results suggest that such 
similarr linkages do indeed exist between several of the muscle (regions) acting on 
thee cat's ankle joint. In case of peroneus longus, this "postural force vs. threshold" 
relationshipp may differ between the anterior and the posterior muscle portions. 
However,, it should be noted that also other factors than activity contribute to the 
differentiationn of fibre types (e.g. 5); it is still uncertain as to what an extent the 
correlationss of Figs. 1-2 illustrate causal relationships between activity levels and 
fibree type composition. Further experiments wil l be needed for clarifying these 
issues. . 

AA difference in the "postural force vs. threshold" relationship might also pos-
siblyy be responsible for quantitative discrepancies between soleus and other ankle 
muscles:: in comparison to peroneus longus the relative numbers of type I fibres 
weree about 7 - 8 times higher in soleus whereas the mean daily duty times were 
onlyy about 1 .5-2 times higher (cf. Fig.2 A). In accordance with the high propor-
tionn of type I fibres in soleus it has also been noted that a comparatively large 
fractionn of its total force capacity is engaged even during quiet standing (28). 
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3.. Comparisons between man and cat: why do humans have so many type I fibres? 

Inn Figure 3 we have made a direct comparison between the day-time long-term 
activityy durations for cat and man. The human data are from the study of (24), and 
thee comparison covers all the three muscles that are represented both in their 
materiall  and in our own (T=TA, P = PL, G = LG; for further details, see Legend). 
Forr two of the muscles (G, P) the activity times of both species are remarkably 
similar.. For tibialis anterior (T) the mean duration of daily activity was markedly 
longerr in humans than in cats. This difference is likely to reflect differences 
betweenn cat and man with regard to the postural role of tibialis anterior, a muscle 
off  particular importance for controlling the sway in quiet human standing. 

Thee similarities in mean duration of daily activity between the LG and PL 
muscless of cat and man does not mean that these muscles share the same fibre 
compositionn in both species. On the contrary, as is also illustrated in Fig.3, there 
aree marked and consistent differences such that, with very few exceptions (soleus), 
limbb muscles of humans have a much higher percentage of type I fibres than that 
foundd for corresponding cat muscles. If one accepts the view that type I fibres have 
ann equivalent functional role in cat and man, this illustrates a species-related 
differencee in the coupling between fibre composition and daily usage duration. The 
comparisonss of Fig.3 suggest that, during long-lasting postural activity, human 
muscless might tend to be delivering a much greater fraction of their maximum 
forcee (i.e., requiring a greater relative number of type I fibres) than that needed for 
muscless in the cat. 

Itt is, in this context, of some interest to consider the role of bodily dimensions 
inn relation to the postural problem of carrying the body weight. A substantial 
portionn of the total weight of the body consists of its own musculature. As an 
animall  becomes larger, its weight wil l increase in relation to its linear dimensions 
raisedd to a power of 3. For a simple upscaling of bodily dimensions, the force 
capabilityy of the muscles would, however, only increase in relation to linear size 
raisedd to a power of 2 (i.e., in relation to cross-sectional area). Hence, in the hugely 
simplifiedd theoretical case of an increasing size without any associated changes in 
bodyy architecture, a progressively larger animal would need a progressively greater 
fractionn of its anti-gravity muscles for carrying its own weight. Such factors might, 
togetherr with several (unknown) other ones, contribute to the puzzlingly high 
percentagess of type I fibres in man (e.g. 16) as compared to cats or other small-
sizee animals (rats, guinea pigs; e.g. 1). 

S U M M A R Y Y 

Thiss study concerns the relation between use and fibre type composition among 
limbb muscles. The histochemical properties were investigated for ankle muscles 
fromm cats that had previously been studied in 24 hr electromyographic (EMG) 
recordingss of daily spontaneous activity. We then reported average daily "duty 
times""  (i.e. the percentage of total sampling time filled with EMG activity) of 1.9 
%% for extensor digitorum longus (EDL), 2.1 and 4.0 % for anterior and posterior 
sitess of tibialis anterior (TA), 6.6 and 9.5 % for anterior and posterior sites of 
peroneuss longus (PL), and 13.9 % for soleus (SOL). In the present experiments, 
muscless from which these data had been obtained were sectioned in a cryostat and 
stainedd for myofibrillar ATPase. Fibres were classified as type I (presumably slow) 
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orr II (presumably fast), the latter f ibres be ing further categor ized as IIA, IIB and 
aa minor port ion of transit ional IIAB f ibres. A s expected, S OL was 100% type I. 
Amongg the muscles of mixed f ibre-type composi t ion ("mixed muscles"), a stat is-
ticallyy signif icant dif ference in the mean percentages of type I f ibres was found 
betweenn TA or E DL (2.9 - 6.0 %) vs. PL (11.8 - 14.6 % ). For TA the percentage 
off  type I f ibres was higher in poster ior (deep) than in anter ior (superf icial) sam-
pl ingg regions; for PL no clear antero-poster ior di f ference was found. A signif icant 
correlat ionn was obtained between the percentage of type I f ibres and the total 
durat ionn of daily activity recorded from corresponding mixed muscle sites (5 
differentt recording sites in 4 cats, total ly 15 cases of successful ly combined 
physio logicall  and histochemical measurements, r = 0.76, P < 0.001). Simi lar ly, 
wi th i nn TA the total durat ion of dai ly act ivi ty was higher for sites with high 
(poster ior ly)) than for those with low (anter ior ly) percentages of type I f ibres. In 
conclusion:: a "coarse-gra in" re lat ionship was found between fibre type compos i-
tionn and the durat ion of dai ly act ivi ty among mixed muscles. Possible mechan isms 
under ly ingg this re lat ionship are d iscussed. 
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