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ABSTRACT 

This study describes the neuromuscular organization of the 
superior longitudinal muscle (SL) of the human tongue 
with focus on whether SL organization is compatible with 
multiple strategies of motor unit (MU) activation.  
Microdissection demonstrates that the human SL is 
comprised of discrete muscle fascicles (8.5-16 mm length) 
that occupy <20% of total SL length.  
Immunohistochemical staining of myosin heavy chain 
(MyHC) isoforms demonstrates the presence of at least 
three different MyHC phenotypes in the human SL: fibers 
composed of slow but not fast MyHC isoforms, fibers 
composed of fast but not slow MyHC isoforms, and hybrid 
fibers composed of both slow and fast MyHC isoforms.  
These data are compatible with differential organization of 
SL motor units according to antero-posterior tongue 
location and muscle fiber MyHC composition.  Whether 
two strategies are in operation in SL activation, one in 
which MUs are selected by virtue of location and another in 
which MUs are selected by virtue of fiber MyHC identity 
(and related properties) awaits physiological investigation. 

1. INTRODUCTION 

Since the classic work of Sir Charles Sherrington, it has 
been accepted that the smallest functional unit of the 
vertebrate motor system is the motor unit (MU), the 
motoneuron and the muscle fibers it innervates (for a recent 
review of MU organization see [1]).  Motor units in most 
muscles vary in physiological properties, and heterogeneity 
in the function of a muscle is thought to be produced by the 
selective activation of MUs according to some of these 
properties (e.g., speed of contraction, force production, 
fatigability).  Recent studies have also shown that MUs in 
some muscles vary in biomechanical attributes (e.g., 
direction of exerted force) raising the possibility that 
heterogeneity in the function of a muscle may also be 
produced by a selective activation of MUs according to 
specific biomechanical properties [2].  

Our understanding of the organization of tongue MUs is 
limited, but a number of studies suggest that tongue MUs 
are both physiologically and anatomically diverse.  Motor 
units in rat tongue muscles express a range of physiological 
properties similar in degree and kind to MUs of other 
muscle systems [3,4].  Motor units in rat tongue muscles 
also differ with respect to anatomical organization.  Within 
the longitudinal muscles of the rat tongue, for example, 
most MUs are localized to within one-third of 
antero-posterior tongue length permitting MU location (and 
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d biomechanical effects) to be a basis of selective MU 
tion.  Further, because anatomical and physiological 
rties of MUs in these muscles are largely independent 
natomical and physiological strategies of MU 

ion may be independently employed.      

 neuromuscular organization of the human tongue 
atible with multiple strategies of MU activation?  We 
tly lack information necessary to answer this 
on.  First, we lack direct studies of the organization of 
n tongue MUs.  Second, we lack description of the 
ecture and muscle fiber type composition of human 
e muscles that can inform our understanding of MU 
ies in the absence of direct MU study.  Here I provide 
escription for the SL system in the human tongue and 
hether neuromuscular organization of the human SL 
patible with multiple strategies of MU activation.    

2. METHODS 

e tissue was obtained post-mortem from four adult 
ns (ages 63-88) with no known history of neurological 
e.  Tongues used for the study of SL fiber architecture 
 were harvested within two days post-mortem, placed 
0% solution of nitric acid for 3-5 days to digest 

ctive tissue structures and moved to a solution of 50% 
ol for storage at -4 degrees C.   Muscle fiber 
ecture was determined by microdissection of 
dual muscle fascicles and muscle fibers with sharp 
er 5 microforceps.  Tongue tissue used for 
itative study of SL myosin heavy chain (MyHC) 
osition (N=3) was obtained 1.0-3.0 cm posterior to the 
e tip (anterior sample) and 5.0-6.0 cm posterior to the 
e tip (posterior sample).  Tissue was harvested within 
rs post-mortem, frozen in super-cooled isopentane 
degree C), and stored at -80 degrees C.  Serial, 12 
n-thick sections of tissue were cut at -20 degrees C on 
ostat.  The presence of MyHC isoforms was 
ined with standard immunohistochemical 

ques using the antibody BA-D5 to identify slow 
I and the antibody MY32 to identify fast MyHCII 

wing [5]).   

3. RESULTS 

uscle architecture   

ntero-posterior length of the SL system was >90 mm 
 two tongues examined.  Microdissection reveals that 
man SL is comprised of discrete muscle fascicles that 
p from tongue tip to tongue root.  Individual fascicles 

e SL range from 8.5-16 mm in length and are 



comprised of 30-200 muscle fibers.  Blunt endings of 
individual muscle fibers are evident, likely reflecting direct 
termination of muscle fibers on the connective tissue 
boundary of parent fascicles.  These data indicate that the 
human SL is comprised of discrete fascicles that course for 
< 20% (and as little as 10%) of SL (and tongue body) 
length. 

3.2 MyHC immunohistochemistry   

Immunohistochemical characterization of SL MyHC 
composition reveals the presence of three muscle fiber 
phenotypes in both anterior and posterior SL regions: fibers 
that are composed solely of slow MyHCI isoform, fibers 
that are composed solely of fast MyHCII isoform, and 
fibers that are composed of both slow and fast MyHC 
isoforms (figure 1).   
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Figure 1.  Photomicrographs of SL fibers stained for (A) 
fast MyHCII isoform and (B) slow MyHCI isoform.  
Examples of the three fiber phenotypes (MyHCI, 
MyHCII, MyHCI/II) are shown.  Calibration bar = 50 
micron. 
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 anterior SL region these phenotypes occur in the 
ing percentages: 22% slow MyHCI, 37% fast 
II and 41% slow and fast MyHCI/II.   By 
rison to other studies (e.g., [6]) these fiber 
types likely correspond to type I, type II and type 
 fibers respectively.   Three categories of SL muscle 

can thus be characterized in the human SL with 
low (BA-D5) and anti-fast (MY32) MyHC antibodies.  
e extent that MyHC isoform composition reflects 
onal properties of muscle fibers, the current results 
st that at least three functionally distinct classes of 
e fibers are present in the human SL. 

4. CONCLUSION 

ogical and immunohistochemical study of the human 
veals details of its neuromuscular organization.  The 
n SL is composed of discrete fascicles organized 
ies from tongue tip to root and is thus a muscle of 
ies fiber design.   I conclude that the muscle 
ecture of the human SL is compatible with a regional 
tion of SL muscle fibers according to antero-posterior 
on.  Whether the functional output units of the SL 

, i.e., the SL MUs, are indeed localized along the 
-posterior tongue axis in humans awaits direct 
logical investigation.   

uman SL is also composed of muscle fibers with 
ng MyHC profiles.  Three MyHC fiber phenotypes 
served in the present study: MyHCI, MyHCII and 
I/II.  Because only two MyHC antibodies were 

yed here, this characterization likely 
-represents the MyHC diversity resident in human SL 
.  Still, these findings demonstrate a diversity of 
 phenotypes compatible with a strategy of MU 

ion according to MyHC phenotype/fiber type 
sition.  Because all MyHC phenotypes described 
re found throughout the SL system, activation of 
e fibers according to tongue region would not result 
 obligate activation of fibers of a particular MyHC 
type.  I conclude that SL fiber organization is 
atible with multiple strategies of SL MU activation, 
sed on location, the other on muscle fiber phenotype. 
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