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1982.-The variability of fiber type distributions between dif- 
ferent regions of the same human muscle is believed to be 
small, based on the sampling of between two and four sites The 
objective of the present investigation was to determine the 
variability of slow-twitch (ST) and fast-twitch (FT) fiber dis- 
tributions using a more extensive sampling technique than 
those previously employed. The soleus, biceps, triceps, and 
vastus lateralis muscles were excised from each of four young 
men who had died suddenly. Between 13 and 17 sites were 
sampled from each of the muscles; 3 transverse areas were then 
examined within each sample. Fiber type distributions were 
determined from photographs of sections stained for myofibril- 
lar adenosine triphosphatase at pH 10.3, 10.0, or 4.3. The 
numbers of fibers counted in the four muscles ranged between 
a mean of 13,660 and a mean of 21,601. The variability in fiber 
type distributions observed between sites and areas within a 
site were statistically greater (P < 0.01) than could be expected 
from muscles whose fiber type distributions are equally distrib- 
uted throughout the muscle. It was concluded that sampling 
between 3 and 5 sites in the different muscles was necessary to 
reduce the between-site standard deviation to 5%. 

slow-twitch and fast-twitch fibers; muscle histochemistry 

HUMAN MUSCLES are comprised of different types of 
fibers that are most commonly classified as type I and 
type II. The results of direct comparisons between the 
contractile and histochemical properties of the same 
muscle fibers in human gastrocnemius muscle now sup- 
port the classification of type I and II fibers as slow- 
twitch (ST) and fast-twitch (FT), respectively (8). Large 
human muscles are comprised of hundreds of thousands 
of ST and FT fibers. These fibers are distributed in a 
mosaic, and the percent distribution of each fiber type 
could vary significantly between different regions of a 
muscle. However, this is not believed to be the case based 
on evidence from two biopsy studies in which two (21) or 
four sites (9) in the vastus lateralis (VL) were examined 
and between 200 and 2,500 fibers were counted in each 
muscle. In these studies a between-site standard devia- 
tion (SD) of less than 5% (9) and a coefficient of variation 
of 10% were reported (21). 

Realizing the ethical considerations of multiple sam- 
pling in normal subjects, the use of autopsy material 
could have provided a definitive answer to this problem. 
Instead, these studies (4, 13, 14) have mainly compared 
the fiber type distributions in superficial and deep regions 

of individual muscles. A difference has been reported in 
certain muscles of some subjects (13,14), but this has not 
been confirmed by others (4, 20). 

The variability in fiber type distributions between sites 
has not been investigated in muscles other than the VL. 
It has been assumed that the variability observed in the 
VL is representative of other muscles. Consequently, the 
distribution of fiber types observed in small samples 
obtained by the needle biopsy technique are being used 
in human studies to demonstrate relationships with ath- 
letic performance (3, 59, 19,21,23) and the physiological 
properties of muscle (22-24). 

The first objective of the present study was to deter- 
mine the variability of fiber type distributions between 
a number of sites in four different human muscles. If the 
variation observed was greater than could be expected 
from random variation in the estimation of a proportion 
(i.e., binomial sampling), the second objective was to 
determine how much the precision of estimating fiber 
type distributions is increased by sampling a greater 
number of sites and areas within a site. 

METHODS 

Sampling procedures. Muscles were taken at autopsy 
from four males, aged 20-27 yr, who had died suddenly 
(Table 1). Th e autopsies were performed 5-22 h after 
death, and in each case single vastus lateralis, biceps 
brachii, triceps brachii, and soleus muscles were excised. 
These muscles were selected because they are commonly 
biopsied for clinical and research purposes. In each mus- 
cle, including the entire triceps brachii, between 13 and 
17 sites were selected, marked by numbers, and then 
photographed (Fig. 1) prior to sampling. 

In any given muscle the distances between sites varied, 
but an attempt was made to sample similar areas in each 
muscle from the four subjects. Samples approximately 1 
cm” were taken from each site (Fig. 1); they were then 
mounted on cork blocks and frozen rapidly in isopentane 
cooled to -160°C. Deep (region of muscle at least l-l.5 
cm from the epimysium) and superficial (region of muscle 
directly under the epimysium) areas of muscle were 
sampled from odd- and even-numbered sites, respec- 
tively. The depth of sampling varied within any given 
muscle. Care was taken to ensure that the same fibers 
were not sampled twice at different positions along their 
lengths by taking into consideration the direction in 
which fibers ran and their depth at different points along 
their length. Selection of sample sites was also made so 
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Randomly selected slides and those that had been diffi- 
cult to count were recounted by a second investigator to 
ensure reliability. Comparisons of distributions found in 
deep and superficial sites of muscle were made by sam- 
pling approximately equal numbers of each at intervals 
along the muscle bellies. Deep samples were taken from 
at least l-l.5 cm away from the epimysium, and no 
attempt was made to standardize the exact depth because 

TABLE 2. Fiber type distributions, fiber counts, 
and ranges in distribution 

Muscle Subj 
No. 

12 N 
Mean Between- 
5% FT Sites 
fibers Range 

as to take into account possible differences between 
different heads and origins and insertions of muscles. In 
muscles whose fibers run obliquely to their long axis, 
samples were taken at intervals along the entire length 
of the muscle. 

Histochemical methods. Serial sections, 10 ,um thick, 
were cut in a cryostat maintained at -22°C. Reactions 
for NADH-tetrazolium reductase (NADH-TR) (17) were 
run together with those for myofibrillar adenosine tri- 
phosphatase after alkaline (pH 10.3) (18) and acid prein- 
cubation (pH 4.3) (1). In samples containing high per- 
centages of ST fibers, as in the soleus, preincubation at 
pH 10.0 rather than 10.3 enabled the ST fibers to be 
counted more easily. Similarly, samples with extensive 
grouping of ST fibers could be counted more easily after 
preincubation at pH 4.3. Care was taken to ensure these 
same fibers were not alkaline stable, and if so, they were 
excluded from the analyses. 

Methods of determining fiber type distributions. The 
distributions of ST and FT fibers were determined from 
photographs taken of three arbitrarily chosen areas from 
each site (Fig. 1). These areas were selected by choosing 
both peripheral and central areas of sites, without delib- 
erately photographing areas demonstrating any fiber 
type preponderance. The colored photographic transpar- 
encies were projected on to a white surface, and fiber 
counts were performed by marking each fiber on a trans- 
parent plastic sheet. Approximately 300-500 fibers were 
counted in each area, corresponding to 900-1,500 fibers 
in each site (Fig. 1); in a given muscle the numbers of 
fibers counted ranged from 11,900 to 27,492 (Table 2). 

Soleus 1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

14 13,341 20 12-35 
14 13,805 19 4-32 
15 15,596 37 12-58 
15 11,900 20 5-38 

14.5 13,660 24 8-40 

13 14,202 69 53-68 
14 15,173 46 34-64 
15 16,582 66 52-75 
15 12,412 59 35-70 

14.2 14,692 57 43-69 

14 19,443 52 33-71 
13 24,231 45 32-73 
15 27,492 65 50-75 
15 15,239 59 52-68 

14.3 21,601 55 42-72 

11 14,068 58 47-67 
11 9,833 57 47-73 
12 16,410 65 48-82 
11 9,766 61 30-70 

11.2 12,519 60 43-73 

5,470 33 18-56 
3,242 34 18-52 
4,705 56 44-68 
3,170 35 20-54 

Mean 

Vastus lateralis 

Mean 

Biceps brachii 

Mean 

Triceps, lateral and 
long heads 

TABLE 1. Anthropometric data 
on adult autopsies 

- - 
Elapsed 
Time to 

Autopsy, 
Subj Age, Ht, 
No. yr cm 

U’t, 
kg 

Cause of Death Mean 

Triceps, medial head 
h 
I I  

Mean 4 4,146 39.5 25-57 

1 22 175 68 Suicide/fall 6.5 
2 25 183 77 Myocardial infarction 22.0 
3 20 178 70 Traffic accident 12.0 
4 27 183 86 Myocardial infarction 5.0 __I______---_ 
Idote that subj 2 had been a weight lifter up to 2 yr prior to his 

death. Subj 4 had been a regular recreational ice hockey player for 
several years. No past history was available on the other subjects. 

n, no. of sites examined; N, no, of fibers counted. Overall incidence 
of FT fibers in each of the muscles examined in the 4 subject,s. 

superf icial sites 
deep II 

even numbers 

m-ATPase pH 10.3 

300- 900 fibres were counted area 
900-1500 

per 
‘1 @I 81 11 site 

14-20,000 ” ” ” 11 muscle 

3 areas were photographed 
per site 

FIG. 1, An example of sampling procedures used in biceps demonstrating location of sites and numbers of fibers sampled in each area and site. 
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of variations in cross-sectional areas between muscles. A 
depth of 1.5-2.0 cm represented the central region of 
most of the muscles. 

Statistical analysis. If a muscle was, throughout its 
mass, homogeneous in terms of the proportion of FT 
fibers, a single biopsy from a randomly chosen site would 
provide an unbiased estimate of fiber distribution. One 
wou Id expe ct inherent imprecision i .n the value obtained, 
just as one would not expect to get exactly 50% heads in 
a series of tosses of a fair coin. Th .e precision of this 
estimate co uld be improved simply by counting more 
fibers from the same small area. If the muscle were 
homogeneous and we took several samples, we would 
expect the sample-to-sample variation in proportion of 
FT fibers to follow the binomial distribution and thus be 
approximately normal with mean 7~ and standard devia- 
tion 77(1 - 71)/n, where 7~ is the true proportion of FT 
fibers. 

If the muscle were not homogeneous and the propor- 
tion of FT fibers changed consistently from one part of 
its mass to another, a single biopsy from one small site 
would not be representative of the whole muscle. Though 
it is still th .eoreticall .y unbiased (i.e., truly reflects the real 
mean), its inherent precision is mu ch lower because we 
may by chance have hit an unusually high or low density 
of FT fibers in the site chosen, compared with the average 
for the whole muscle. Now taking more fibers from the 
same site only serves to estimate more exactly a propor- 
tion of FT fibers for that site, which is itself atypical of 
the average for the muscle as a whole. In this situation 
we must spread our sampling over many sites to achieve 
a good estima 

The crux of 
te for the muscle. 
the statistical analysis was thus to compare 

the observed variability from sample to sample in pro- 
portion of FT fibers with what we would expect from 
binomial variation resulting from sampling a homogene- 
ous muscle. Evidence to support nonhomogeneity of fiber 
distribution would thus manifest itself as an observed 
variation much larger than expected. The formal statis- 
tical comparison was achieved by first subdividing the 
proportion of FT fibers into a number of ranges. A chi- 
square statistic was then computed from the observed 
and unexpected number of sa.mples falling in each range 
where the expected frequencies were calculated from 
binomial variation. 

As will be seen in RESULTS we were very quickly able 
to show exceedingly strong statistical evidence of non- 
homogeneity for most muscles in most subjects. Recause 
the average sample was comprised of 1,000 fibers or more, 
a number of separate samples of approximately 300-400 
fibers could be obtained from a single specimen. There- 
fore, we felt that the next most relevant sampling issue 
was whether an adequate estimate could be achieved 
from a number of areas within a single site or whether 
samples from different (presumably) distant sites were 
necessary, thus requiring multiple biopsies. 

To do this, we looked at variability in proportion of 
FT fibers from area to area within sites and from site to 
site, using a conventional one-way analysis of variance. 
The procedure results in an F test which, if significant, 
suggests an additional source of variability from site to 
site over and above that resulting from area-to-area 

variation. A significant F would suggest the need to 
involve two or more sites in the sampling. 

If there is important site-to-site variability, the mean 
proportion of FT fibers from n sites with ~y2 areas counted 
per site would have standard error given by 

SE (mean FT proportion) = 2 + 2 
n nm 

where a& is the within-site (area-to-area) variance and 
c& is the between-site variance. From the analysis of 
variance we can estimate the two variance comnonents 
0% and c& and thereby investigate the effectson the 
precision of mean FT fiber proportion of different num- 
bers of sites and areas within sites. 

RESULTS 

Fiber type distributions in different muscles. The 
mean percentages of FT fibers are given in Table 2 
together with the ranges found between areas and sites. 
FT fibers were found to be more prevalent than ST in 
the lateral and long heads of triceps and also in the biceps 
brachii and vastus lateralis muscles (ranges 55-65%). In 
contrast, ST fibers were predominant in the soleus (76%) 
and, to a lesser extent, in the medial head of triceps 
(61.5%). Except for one subject, there were no significant 
differences in fiber type distributions between the long 
and short heads of biceps (Tables 2 and 3), and none 
were found between the lateral and long heads of triceps. 

The mean percentages of FT fibers in the vastus, 
biceps, and triceps (lateral and long heads) were remark- 
ably similar for a given subject. The largest range be- 
tween these three muscles was 12%, and the others were 
7, 2, and 1% in the four subjects. Subject 3 had the 
highest %FT fiber distribution in every muscle; his soleus 
had 17% more FT fibers than the mean of the other three 
subjects, and a 22% higher distribution was found in the 
medial head of triceps (Table 2). 

Depth and site of sampling. The fiber type distribu- 
tions found in deep and superficial sites and in different 
regions of the muscle were compared. Significant differ- 
ences were found between the origins and insertions of 
the soleus and biceps (Table 4). With these two excep- 
tions, no systematic differences were found between sites 
in the long axis of the muscle bellies. Apart from the 
vastus of one subject, there were no differences in the 
%FT fiber distributions between deep and superficial 
sites (Table 5) as defined in METHODS. 

Variability of fiber type distributions. Fiber type dis- 
tributions were determined in three different areas within 
each site, and the variances of distribution were calcu- 
lated within sites and between sites (see METHODS). Table 
6 summarizes the results of the analyses of variance 
conducted separately for each muscle in each subject and 
includes the estimated standard deviations of within-site 
variability and between-site variability. In addition, for 
comparison purposes, we have calculated what we would 
have expected to be the within-site standard deviation. 
This is based on the average number of fibers counted 
per area (300-600 depending on the subject and muscle) 
and assuming binomial variation. The variability from 
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area to area and site to site are illustrated graphically in 
Figs. 2-5. 

The results in Table 6 present a fairly clear picture. 
For three of the four muscles (soleus, biceps, and vastus 
lateralis) there is very strong evidence of observed 
within-site variability being much larger than would be 
expected from sampling variation of a homogeneous mus- 
cle. The results for triceps show a similar trend, but it 
does not quite reach statistical significance. In addition 
for all muscles and subjects there are statistically impor- 

TABLE 3. Comparison of FT fiber incidence in 
different heads of triceps and biceps brachii muscles 

Triceps Biceps 
Subj - 
No. Lateral Long Medial Short Long 

head head head head head 

1 60.4 57.6 33.2 57.8 44.1” 
t6.51 kO.90 t10.5 t12.12 t7.49 

2 56.4 61.3 -34.6 42.8 46.8 
t4.29 H3.2 t17.05 t 14.62 29.01 

3 65.5 65.3 56.1 66.8 58.6 
t 10.84 I!I 12.58 -+ 12.35 t5.54 t8.15 

4 60.8 61.4 35.3 60.1 58.6 
t13.60 t6.16 -kg.84 t3.56 t6.49 

Mean 60.7 61.4 39.8-f 56.8 52.6 

Values are means t SD. *P < 0.05. tP < 0.005. 

TABLE 4. Comparison of mean 5% FT fiber distribution 
at origin and insertion of soleus and biceps 

Biceps 

Subj No. Soleus Long head Short head 
- 

Orig Ins Orig Ins Orig Ins 

1 19 35 44 56 35 66 
2 19 32 37 48 33 58 
3 29 33 50 67 58 69 
4 7 33 56 55 58 57 

Mean 18.5 33.2 * 46.7 56.5.t 46 62.5-f 

Orig, origins; Ins, insertions. *P < 0.005. -f-P < 0.05. 

ELDER, BRADBURY, AND ROBERTS 

tant differences in fiber distribution between sites. The 
implications for sampling are thus unambiguous statisti- 
cally; to be certain to obtain a reliable estimate of a 
muscle’s fiber type distribution it is preferable to take 
samples from multiple sites, the precise number being 
dependent on the muscle and subject being studied. The 
variability of fiber type distributions within sites and 
between sites showed no consistent patterns either for 
different muscles of the same subject or for the same 
muscle in different subjects (Figs. 2-5). For example, 
subject 1 had a 4.6% between-sites SD in the soleus and 
a 11% SD in the biceps, whereas subject 3 had a 10% SD 
in the soleus and a 5% SD in the biceps. The vastus had 
the lowest between-sites SD of the four muscles (mean 
6.6% for the four subjects, range 4.1~8.5%). 

Based on the estimates of the between-site and within- 
site variations from the ANOVA table, the standard error 
of the overall mean was calculated for each muscle when 
various combinations of the number of sites or areas per 
sites were sampled. From these data graphs were drawn 
(Figs. 6 and 7) displaying the SD (%FT) that would have 
been achieved if different combinations of the number of 
sites or areas per site had been sampled. In most muscles 
the between-site variance was found to contribute more 

TABLE 5. Mean 70 FT fibers in deep and 
superficial muscle sites 
~. ______-.- 

Vastus Lateralis Biceps Triceps 
Subj ______ ~~~ 

No. Deep Super- 
ficial Deep Superficial Deep Super- 

ficial 

1 60.57 
t5.34 

2 40.28 
t7.10 

3 63.34 
t7.39 

4 56.07 
29.55 

Mean 55.31 

59.00 
t4.62 
51.57* 

t8.66 
68.62 
k4.90 
61.60 
t8.56 

60.19 

47.71 
t6.56 
41.85 

t11.07 
61.82 
t6.25 
57.66 
k4.69 

52.26 

56.28 
t 13.28 

47.33 
t13.86 

67.70 
k5.79 
61.21 
k5.5 1 

58.13 

52.43 
t6.77 
52.04 

k5.07 
57.6 1 

kll.56 
54.50 

t 13.56 

54.14 

49.07 
t4.50 
53.64 

t9.15 
70.28 

t7.78 
58.36 
k5.35 

57.83 

Values are means t SD. Triceps include lateral and long 
heads. *P < 0.05. 

TABLE 6. 70 FT standard deviations for within sites and between sites and expected variances for within sites 

Subj 
No. Sites 

Soleus Triceps Vastus Biceps 

Lat + L Lat + L + M 
SD Exp 0w SD Exp (7w SD Exp ow 

SD Exp ow SD Exp ow 

1 Within 
Between 

2 Within 
Between 

3 Within 
Between 

4 Within 
Between 

7.05 2.24* 5.19 
4.65 4.67 
7.85 2.16 5.94 
6.67 . 6.54 
8.37 2.59-i- 4.20 

10.07 10.90 
7.95 2.45t 4.46 
9.32 10.38 

2.38 9.33 2.54-f 4.45 
15.20 4.16 

2.86 6.07 2.83-t 8.08 
13.0 7.80 

2.23 4.0 2.22-t‘ 4.31 
11.40 6.06 

2.64 12.50 3.03-f 5.15 
13.48 8.50 

2.54t 7.58 2.32t 
11.0 

2.62-t 12.20 1.99” 
9.90 

2.58-f 7.80 2.18” 
5.33 

a.s9t 5.42 2.67* 
4.24 

Mean Within 7.80 2.36 4.94 2.52 7.95 2.65 5.49 2.66 8.25 2.29 
Between 7.67 8.12 13.27 6.63 7.61 --___ -~ 

Exp a~, expected variance for within sites (P < 0.001) calculated using formula dp(l - p)/- n, where p is the mean proportion of fast-twitch 
fibers and 6 is the mean number of fibers counted per area. Lat, L, and M, lateral, long, and medial heads, respectively. *P < 0.005. 
c 0.01. 

tP 
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between-site and between-area (within-site) variance 
components. If multiple sites are sampled, the need for 
sampling larger numbers of fibers in each area is reduced, 
and therefore 200-300 fibers per area should be sufficient. 

Long Head Short Head Long Head Short Head 

60 

t t 
SUBJECT 3 E SUBJECT 1 

5 

- 

t Lt 
1 

t t t 

Origin Insertion 

SUBJECT 4 

40 

30 

20 

10 

SUBJECT 1 SUBJECT 3 
t 

Origin insertion 

SUBJECT 2 

FIG. 2. Distribution of FT fibers in 3 different areas of each site in 
4 soleus muscles are illustrated. Each dot represents %FT distribution 
of 1 area; vertical Lines connect the 3 areas in each site. 

t t e L-4 
Insertion Origin Insertion Origin Insertion 

t 
Origin 

t 
Origin 

t 
Insertion 

SUBJECT 2 SUBJECT 4 

FIG. 4. Distribution of FT fibers in 4 vastus lateralis muscles. 

I I I I I I I I I 
SUBJECT 1 SUBJECT 3 

Lateral Long Medial Lateral Long Medial 

cl2 
; 10 
m 
ii t f 

SUBJECT 1 

r 
5 70 

%o 
SUBJECT 2 SUBJECT 4 

FIG. 3. Distribution of FT fibers in the different heads of triceps. 
Each symbol represents %FT fiber distribution of an area within a site. 

50 

40 

30 to this variability than did the within-site variance. To 
reduce the sampling error to a SD of 5% a minimum of 
three sites were required for the vastus (Fig. 6), four from 
the triceps (without medial head, Fig. 7), and five from 
both the biceps and soleus (Fig. 6). Although these cal- 
culations are based on an average fiber count of about 
400 per area this number has little bearing on the preci- 
sion of the overall estimate because of the dominance of 

10 

4 
Origin 

t 
Insertion 

SUBJECT 4 

Origin Insertion 

SUBJECT 2 

FIG. 5. Distribution of FT fibers in 4 biceps brachii muscles. 
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DISCUSSION TRICEPS WITHOUT MEDIAL HEAD 

11 

-d 
b 
3;lO 
w 
a 
m 
=9 
I 

g 

2 
8 

I- 

27 LL 

5 
26 
0 
i= 
a 
55 
iti 
n 
s4 
n 
2 
a3 
I- 
w 

Human muscle is comprised of two main histochemical 
types distributed throughout a muscle in the form of a 
mosaic. In agreement with previous studies (10, 14) the 
present study has confirmed that the soleus has a high 
proportion of ST fibers. In addition, the medial head of 
triceps was also found to be mainly composed of ST 
fibers, a finding not previously reported in humans, al- 
though it has been reported in cats (2). In contrast, the 
other muscles examined, i.e., the biceps, long and lateral 
heads of triceps, and the vastus lateralis, were predomi- 
nantly FT muscles. The primary concern of the present 
study, however, has been the methodology upon which 
conclusions about fiber type composition are drawn. The 
variability of fiber type distributions using the needle 
biopsy technique has only been studied in the VL (9,21). 
Considering the size of the VL, the two (21) or four sites 
(9) sampled represent a very small proportion of the total 
fiber population. Nevertheless, the variability observed 
between sites was sufficiently small to encourage numer- 
ous investigators (3, 5, 19, 22-24) to sample just one or 
two sites in a number of different muscles so as to 
estimate a muscle’s overall fiber type distribution. How- 
ever, results of autopsy studies that primarily compared 
deep and superficial sites, again using small samples, 

\ NUMBER OF SITES 

- Bl 

TRICEPS WlTH MEDIAL HEAD 
16 

NUMBER OF SITES 

VASTUS LATERAUS 

NUMBER OF SITES 12 3 4 5 6 7 8 9-10 - 12 

8 

i " m=NUMBER OF WITHIN SITE SAMPLES 
6 a 10 

m 
u,9 

I  

r* 

2 

7 

I-  y 

2 11. 

FIG. 7. Accuracy of predicting fiber type distribution in triceps 
(lateral and long heads) when medial head is excluded. 

IA 

ti 
7 12 
0 
$ ” 

; lo 
09 

n 

a8 

a 

n7 

2 
c= 
co 

5 

I  I  I  I  I  I  I  I  11 I  I  I  I  I  I  I  I  I I  
12345678910 12 3 4 5 6 7 8 910 

BICEPS BRACHII 

NUMBER OF SITES 

showed that there can be greater differences between 
sites (13,14,16). Because all the previous data have been 
based on small sample sizes, a more rigorous analysis was 
undertaken in the present investigation. It should be 
noted that although muscles were obtained postmortem, 
both FT and ST fibers could be reliably distinguished in 
samples taken as long as 36 h after death. However, the 
ability to distinguish the subtypes of the FT fibers is lost 
approximately 6-8 h after death (6). 

I I  I  I , , , , , ,  I  I  I  I  I  I  I  I  I  I  
12345678910 1 

12345678910 

m = NUMBER OF WITHIN SITE SAMPLES 

These results have clearly shown that the variability 
of fiber type distributions between sites in most of the 
muscles examined in this study was larger than has 
previously been reported in the vastus lateralis (9, 21). 
However, our own results concur with an earlier study 
on the VL (9) in that sampling three sites can result in a 
between-site SD of 5%, whereas for other muscles a 
greater number of sites must be sampled to account for 
their greater variance. The total variance within each 
muscle was comprised of the within-site and between- 
site components, but it was the latter which contributed 
the most (Fig. 6). 

FIG. 6. Accuracy of predicting a muscle’s fiber type distribution by The possibility that the variability reflected consistent 
sampling different numbers of sites and areas per site. differences between the superficial and deep regions of a 
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muscle or between the origins and insertions was also 
examined. Both the soleus and biceps brachii were found 
to have significantly more FT fibers at their insertions 
than at their origins. Such an arrangement would clearly 
be possible in the soleus, which has a complicated mul- 
tipennate arrangement of its fibers. In the biceps brachii 
not all fibers run the whole length of the muscle, rather 
they are arranged in interdigitating fascicles (6), thus 
explaining regional differences. 

Differences in fiber composition between superficial 
and deep sites might have been anticipated from animal 
studies (11) in which FT fibers were found to be more 
prevalent superficially. Similar observations have been 
made in some human muscles (13, 14), but this has not 
been confirmed in other studies (4, 20). In the present 
investigation no systematic differences were found in the 
biceps, triceps, or vastus lateralis. Comparisons were not 
made in the soleus due to the complex multipennate 
arrangement of the fibers (6). 

Accuracy of predicting fiber type distributions. When 
determining the overall fiber type distribution of a mus- 
cle, the precision obtained will be determined by the 
number of sites and the size of each sample. The between- 
site and within-site variances determined for each muscle 
demonstrated that statistically significant variations in 
distributions could be found when comparing areas close 
to each other (Figs. 2-5) as well as those far apart, 
emphasizing the importance of sampling different areas 
within a site. The graphs plotted from these variances 
(Figs. 6 and 7) demonstrate the precision of predicting a 
muscle’s overall fiber type composition based on the 
numbers of sites and areas per site sampled. The slope of 
each curve reflects the contribution that the within-site 
variances make to the total variance. 

This analysis assumes that equal numbers of fibers are 
compared between areas. In our case this was not always 
true, with the consequence that the within-site variance 
only may have been overestimated. However, Figs. 2-5 
clearly show that variability within sites existed, but this 
variabiliOy contributed much less to total variance (Fige 
6) than the between-site variability. Sampling many 
areas within a site does not reduce the error as much as 
sampling two different sites. This observation may be 
due to the overlapping arrangement of different motor 
units within a certain region of the muscle; unless the 
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sites sampled are a sufficient distance apart, the same 
motor units will be examined. 

The results for 16 muscles from four subjects have 
shown that a 5% SD could be achieved only if a minimum 
of 3 sites were sampled in the vastus, 4 in the triceps 
(lateral and long heads), and 5 in both the soleus and 
biceps. In a study by MacDougall et al. (15) a between- 
site SD of 4.1% was found after taking three biopsies on 
different occasions from the long head of triceps from 
five subjects; the variability was lower than that pre- 
dicted from this study. In another investigation (7) a 
rather larger SD (7.7%) was estimated after taking three 
biopsies (mean 1,100 fibers/sample) from each of the 
vastus lateralis muscles of six subjects. It should be noted, 
however, that some muscles, such as the vastus of subject 
3, can have less variability between sites than the pre- 
dicted average. Consequently, the graphs illustrated in 
Figs. 6 and 7 are not intended to be used as accurate 
guidelines for a precise estimation of the number of sites 
that should be sampled. Their purpose is to show that 
there are differences in distribution throughout a muscle 
and that the variability is not consistent between muscles 
of the same subject or between corresponding muscles in 
different subjects. Therefore, multiple sampling is essen- 
tial to account for any potential variability in distribution 
between sites. 

In view of the potential sampling errors indicated by 
these data, care must be exercised in the interpretation 
of studies that sample only one or two sites, particularly 
those that sample just one site and obtain just a few 
hundred fibers. Any study attempting to determine the 
overall fiber type distribution of a muscle should be 
concerned about the sample number and sample size. 
Based on the variability found in our subjects we would 
recommend sampling between three and five sites, de- 
pending on the muscle, to reduce the between-site SD to 
5%. Within-site variances can be accounted for if different 
areas are compared and each contains approximately 
200-300 fibers. 

We thank Dr. A. J. McComas for his valuable assistance in reviewing 
this manuscript. 

This research was supported by the Muscular Dystrophy Association 
of Canada. 

Received 1 December 1980; accepted in final form 30 June 1982. 

Muscle During Foetal and Postnatal Development (PhD thesis). 
Hamilton, Ont., Canada: McMaster University, 1979. 

7. ELDER, G. C. B., J. FENSE, D. SALE, AND J. R. SUTTON. Relation- 
ship between the fatigue index of the quadriceps and %FT distri- 
bution of the vastus lateralis (Abstract). Med. Sci. Sports Exercise 
12: 134, 1980. 

8. GARNETT, R. A. F., M. J. O'DONOVAN, J. A. STEPHENS, AND A. 
TAYLOR. Motor unit organization of human medial gastrocnemius. 
J. Physiol. London 287: 33-43, 1979. 

9. GOLLNICK, P.D.,R.B. ARMSTRONG, W. SAUBERT, K. PIEHL, AND 
B. SALTIN. Enzyme activity and fiber composition in skeletal muscle 
of untrained and trained men. J. AppZ. Physiol. 33: 312-319, 1972. 

10. GOLLNICK, P. D., B. SJODIN, J. KAHLSSON, E. JANSSON, AND B. 
SALTIN. Human soleus muscle: a comparison of fibre composition 
and enzyme act,ivities with other leg muscles. PfZuegers Arch. 348: 
247-255, 1974. 

11. JAMES. N. T. The distribution of type I and type 11 fibers in 

Downloaded from www.physiology.org/journal/jappl by ${individualUser.givenNames} ${individualUser.surname} (139.184.014.150) on July 29, 2018.
Copyright © 1982 American Physiological Society. All rights reserved.



1480 ELDER, BRADBURY, AND ROBERTS 

muscles. J. Anat. 108: 612-613, 1971. 
12. JANSSON, E., AND L. KAIJSER. Muscle adaptation to extreme en- 

durance training in man. Acta Physiol. &and. 100: 315-324, 1977. 
13. JENNEKENS, F. G. I., B. E. TOMLINSON, AND J. N. WALTON. Data 

on the distribution of fibre types in five human limb muscles: an 
autopsy study. J. Neural. Sci. 14: 245-257, 1971. 

14. JOHNSON, M. A., J. POLGAR, D. WEIGHTMAN, AND D. APPLETON. 
Data on the distribution of fiber types in thirty-six human muscles: 
an autopsy study. J. Neural. Sci. 18: 245-257, 1973. 

15. MACDOUGALL, J. D., G. C. B. ELDER, D. G. SALE, J. R. MOROZ, 
AND J. R. SUTTON. Effects of strength training and immobilization 
on human muscle fibers. Eur. J. Appl. Physiol. Occup. Physiol. 43: 
25-34, 1980. 

16. MEIJER, A. E. F. H., AND E. A. ELIAS. The value of enzyme 
histochemical techniques in classifying fiber types of human skel- 
etal muscle. Histochem. J. 48: 257-267, 1976. 

17. NOVIKOFF, A. B., W. SHIN, AND J. DRUCKER. Mitochondrial local- 
ization of oxidation enzymes: staining results with two tetrazolium 
salts. J. Biophys Biochem. Cytol. 9: 47-61, 1961. 

18. PADYKULA, H. A., AND E. HERMAN. The specificity of the histo- 

chemical method of adenosine triphosphatase. J. Histochem. Cy- 
tochem. 3: 170-195, 1967. 

19. PRINCE, F. P., R. S. HIKIDA, AND F. C. HAGERMAN. Human muscle 
fiber types in power lifters, distance runners and untrained subjects. 
Pfluegers Arch. 363: 19-26, 1976. 

20. SUSHEELA, A. K., AND J. N. WALTON. Note on the distribution of 
histochemical fiber types in some normal human muscles. A study 
on autopsy material. J. NeuroZ. Sci. 8: 201-207, 1969. 

21. THORSTENSSON, A. Muscle strength fibre types and enzyme activ- 
ities in man. Acta Physiol. Stand. Suppl. 443: l-45, 1976. 

22. THORSTENSSON, A., G. GRIMBY, AND J. KARLSSON. Force velocity 
relations and fiber compositions in human knee extensor muscles. 
J. Appl. Physiol. 40: 12-16, 1976. 

23. THORSTENSSON, A., L. LARSSON, P. TESCH, AND J. KARLSSON. 
Muscle strength and fiber composition in athletes and sedentary 
men. Med. Sci. Sports 9: 26-30, 1977. 

24. THORSTENSSON, A. B., B. SJODIN, AND J. KARLSSON. Enzyme 
activities and muscle strength after sprint training in man. Acta 
Physiol. &and. 94: 313-318, 1975. 

Downloaded from www.physiology.org/journal/jappl by ${individualUser.givenNames} ${individualUser.surname} (139.184.014.150) on July 29, 2018.
Copyright © 1982 American Physiological Society. All rights reserved.


