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Aim: Perform a morphometric analysis of the myelinic fibers
of the right hypoglossal nerve, in two age groups; to verify
quantitative changes as a result of the aging process. Study
design: anatomic. Material and Method: A 1cm fragment of
the right hypoglossal nerve was collected from 12 male corpses
without any medical history of diseases such as: diabetes,
alcoholism, and malignant neoplasia. The sample was divided
in two groups: group with six corpses under sixty years old
(adult), and another group with six corpses sixty years old or
above (elderly). The material was fixed at 2.5% glutaldehyde
and 2% paraformaldehyde solution; post-fixed at 2% osmium
tetroxide; dehydrated with increasing ethanol concentrations,
and included in epoxy resin. Semi-thin sections of 0.3µm were
obtaining, colored in 1% toluidine blue, and evaluated with
light microscope combined with image analyzing system. The
following morphometric data were quantified: intraperineural
transversal section area, number, and diameter of the myelinic
fibers. Results: The intraperineural area of the hypoglossal
nerve was similar in both age groups (p=0.8691). The average
area in the adult group was 1.697mm² and in the elderly group
it was 1.649mm². The total number of myelinic fibers of the
hypoglossal nerve was similar in both age groups (p=0.9018).
The adult group presented an average of 10,286 ± 2,308
myelinic fibers, and the elderly group presented an average of
10,141 ± 1,590 myelinic fibers. A bimodal distribution of the
myelinic fibers was observed, with a significant peak on the
9µm fibers, and another smaller peak on the 2µm fibers.
Conclusion: The intraperineural area and the total number of
myelinic fibers of the right hypoglossal nerve are similar in
both age groups.
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INTRODUCTION

The aging process triggers modifications in the human
body that are responsible for many different types of clinical
manifestations, represented in the upper aerodigestive tract
as vocal disorders and swallowing disorders. Oropharyngeal
dysphagia is a frequent symptom in the elderly, especially
in men aged over 60 years and it is normally associated with
increase in duration of swallowing oropharyngeal phase.1

Many different authors have demonstrated that the
aging process is also related with reduction of pharyngeal
and supraglottic sensitivity 2, 3 and it is considered a factor
responsible for the onset of dysphagia, aspiration and
repetitive pneumonia in the elderly, owing to reduction of
reflexes that protect the lower airways. Other modification
observed in the elderly is the delay in opening of upper
esophageal sphincter 1, 4, 5 and reduction of cricopharyngeal
muscle tone 5.

Little has been studied about the action of aging in
muscles 6, 7 and cranial nerves 8-12. A study carried out with
the genioglossus muscle of rats demonstrated that there is
reduction in number of neuromuscle joints in older rats.
However, there was no difference in the nerve area
responsible for innervation of the muscle 7. Research studies
involving the laryngeal muscle system presented results that
suggested numeric reduction of muscle fibers of
thyroarytenoid muscle, especially slow contraction muscle
fibers 13, reduction of proteins responsible for muscle
contraction 14, and increase in connective tissue or endomise
15, 16. Other authors, based on electromyography assessment,
presented results that suggested denervation of axonal lesion
involving the motor control of larynx in the elderly, with
consequent affection to contraction of laryngeal muscles 17.
Morphometric studies of laryngeal nerves in humans
demonstrated reduction of the number of myelin fibers,
especially small diameter fibers.10,12

The purpose of the present study was to carry out
morphometric analysis of the number and diameter of myelin
fibers of the right hypoglossal nerve, in two age groups
(adult and elderly), to check quantitative modifications
resulting from the aging process.

MATERIAL AND METHOD

The research project was approved by the Research
Ethics Committee, Hospital Sao Paulo/ Federal University of
Sao Paulo (UNIFESP). We collected 1cm fragments of right
hypoglossal nerve from 12 cadavers submitted to autopsy
in the Service of Death Verification - University of Sao Pau-
lo, between June 2003 and November 2004. Fragments were
collected between 9 and 18 hours after the death and
analyzed by the Center of Electron Microscopy, UNIFESP.

We selected male copses without past history of dia-
betes, alcohol abuse, malignant neoplasm or sudden weight

loss 18-20. The sample was divided into two age groups: adult
group (age below 60 years), comprising six corpses, and
elderly group (age over 60 years), also comprising six corpses.

The fragment of right hypoglossal nerve was collected
from the region after the crossing of the nerve with the
internal and external carotid artery, after the emergence of
the hypoglossal loop. The fragments were obtained by trans-
versal section (perpendicular to the hypoglossal long axis)
to enable quantification of the following morphometric data:
area of transversal intraperineural section (area representing
the number of myelin fibers), number and diameter of myelin
fibers 21. Fragments were fixed in a solution at 2.5%
glutaldehyde and 2% formaldehyde at buffer solution of
sodium cacodilate 0.1 M, pH 7.4 (modified by Karnovsky,
1965),22 post-fixed in osmium tetroxide at 2% in buffer
solution of sodium cacodilate 0.1M, pH 7.4, dehydrated in
increasing concentrations of ethanol and included in resin
type Araldite 502®.

The material was sectioned with ultramicrotome with
glass knives to obtain super thin sections of 0.3mm thickness
to be stained with toluidine blue at 1%. Sections were assessed
under light microscope coupled to an image analyzer.

Morphometric assessment was divided into two steps:

A. Quantification of the total intraperineural area: to reach
measurements of the area, images of the nerve were
digitalized with a 5x objective that represented final
magnification of 120x on the computer monitor screen.
Intraperineural area was important for the calculation of
the total number of fibers from the representative
sampling.

B. Quantification of the number and external diameter of
myelin fibers: images of the nerve were digitalized using
a 40x objective, which represented total final enlargement
of 1920x on the computer monitor screen. Four random
fields were assessed per slide 23, and in addition to counting
fibers and measuring the diameters, we measured the
representative area of the field, which meant exclusion
of the perineural areas when they appeared in the field.
Thus, in each slide, we assessed the area that ranged
from 7% to 14.2%. The total number of myelin fibers was
estimated by the total intraperineural area (obtained in
the first step) and the number of fibers and area of the
assessed fields (obtained in the second step).

To prevent errors in sampling (margin effect) we
excluded the myelin fibers projected over the lower and
left lines that limit the field 24. The smaller diameter of the
fiber (longer perpendicular distance to the longer axis of
the myelin fiber) was chosen to measure myelin fibers with
elliptical or irregular perimeter.10,21

To compare the means of intraperineural area and
the number of myelin fibers among the adult and elderly
groups, we used the statistical method of variance analysis
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(ANOVA). We adopted the level of significance of a 0.05. p
value (likelihood of occurrence of an event) < 0.05 was
considered as significant and it determined rejection of the
equality hypothesis between the groups.

RESULTS

Individual data about the number of myelin fibers
according to diameter are presented in Table 1. The mean
age of the Adult group was 46.3 years and of the Elderly
group was 78.2 years. To better visualize the morphometric
analysis of the right hypoglossal nerve, we present Figures
1, 2 and 3. In Figure 2 we present the typical
photomicrographies of the transversal section area (smaller
magnification) and of the field (larger magnification)
representing each age group.

In the intraperineural area of the right hypoglossal
nerve (Figures 1 and 2) we did not observe any difference
between the two age groups (p=0.8691). The mean of Adult
group area was 1,696,918µm2 (1.697 mm2) and in the elderly
group it was 1,649,083µm2 (1.649mm2).

In the analysis of right hypoglossal nerve (Figure 3)
we did not detect difference between the two age groups
concerning total number of myelin fibers (p=0.9018) and
distribution of fibers according to the diameter. The adult
group presented mean of 10,286 ± 2,308 of myelin fibers
and the elderly group presented mean of 10,141 ± 1,590 of
myelin fibers.

DISCUSSION

The hypoglossal nerves, form the cranial nerve, are
responsible for motor innervation of tongue muscles. The
body (pericardium) of lower motor neurons of hypoglossal
nerve is located in the bulb, close to the midline and under
the floor of the fourth ventricle. Axons of these neurons

leave the hypoglossal nucleus as a row of small fascicles
and form the hypoglossal nerve that goes down the neck;
close to the hyoid bone it directs anteriorly and penetrates
into the tongue body to innervate muscles hypoglossus,
genioglossus, styloglossus and tongue intrinsic muscles.25

At the level of the hyoid, the hypoglossus nerve is
normally comprised of one single fascicle.26-28 Our results
demonstrated that the mean of intraperineural sectional area
in the Adult group (1.697mm2) was similar to that of the
elderly group (1.649mm2), with no statistically significant
difference (Figures 1 and 2). Many different authors have
studied the morphometric characteristics of the hypoglossus
nerve to reach data that could support the technique of
hypoglossus-facial anastomosis in the treatment of peripheral
facial palsy. These authors described the mean area that
ranged from 1.54 to 2.02mm2, close to the hyoid bone;27-29

however, the authors did not report whether the assessed
area included epineurum or not and if it measured only the
area that represented the nerve (intraperineural area).

The mean number of myelin fibers in the Adult group
was 10,286 fibers and in the elderly group it was 10,141
fibers, without difference between the groups. In the two
age groups we observed bimodal distribution (Figure 3),
with peaks of fibers of 2mm and 9mm and predominance
of medium diameter myelin fibers. As a result of aging, we
did not observe reduction in number of myelin fibers of
the hypoglossus nerve. Some studies assessed the total
number of myelin fibers of the hypoglossus nerve, as well
as the distribution of fibers according to the diameter and
they described similar results as the ones we observed here.
In those studies, the total number of fibers ranged from
9,202 to 9,920 fibers26,27,29, with bimodal distribution,
predominance of 8-9mm fibers and smaller peak in 3mm
fibers.27,29 Atsumi et al. (1987) suggested that this small
peak of myelin fibers may represent afferent fibers or fibers
of the autonomous nervous system that are integrated in

Table 1. Individual data of number of myelin fibers of right hypoglossal nerve according to diameter of myelin fibers.

HN Right Diameter of myelin fibers (mm)
Age 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 Total

(years)
37 672 1456 941 706 672 1266 1546 1703 1523 1199 762 370 134 22 22 11 0 11 0 0 11 13027
41 108 523 379 442 478 784 1271 1001 1145 974 829 523 343 72 27 18 0 0 0 0 0 8916
45 229 531 406 427 458 541 1302 1614 1812 1312 864 344 125 94 10 0 10 0 0 0 0 10079
48 164 592 504 466 403 353 731 933 1260 1235 1134 895 554 403 151 50 38 0 0 0 0 9867
52 140 686 623 644 595 525 749 609 602 511 371 378 210 133 119 77 28 0 0 7 14 7020
55 244 890 747 617 689 632 761 1134 1364 1479 1177 1091 775 474 402 172 115 14 29 0 0 12807
60 259 873 625 269 345 334 388 409 819 786 1045 905 722 593 302 108 108 32 32 22 22 8996
77 123 543 543 333 518 852 1543 1370 1320 1160 753 518 272 197 74 25 0 0 0 12 0 10157
77 158 934 1055 412 333 703 1322 1309 1770 1188 909 473 255 109 121 36 36 12 24 0 12 11372
79 206 1137 747 444 379 747 1202 1451 1981 1494 790 422 173 0 22 0 0 0 0 0 0 11193
86 439 770 497 373 232 207 207 240 646 588 878 853 563 513 265 157 99 33 0 0 0 7560
90 400 964 782 518 500 846 1392 1883 2001 1210 655 337 64 18 0 0 0 0 0 0 0 11570

Key: HN Right = Right hypoglossal nerve
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the hypoglossus nerve after passing through the
hypoglossus canal on the skull base.29

Despite the fact that we did not observe modification
in total number and in distribution of myelin fibers between
adult and elderly subjects, the literature reports that some
diseases involve the lower motor neuron, such as
amyotrophic lateral sclerosis, leading to reduction in number
of medium diameter myelin fibers (5-10mm), which results
in tongue atrophy; this is one of the main signs of advanced
stage of the disease.29

Aging seems to determine a selective loss of myelin
fibers, and it is quite common in elderly to have reduction
of the number of smaller diameter fibers of laryngeal nerves
that are responsible for sensitivity 10,12 and by the motor
innervation of slow contraction muscle fibers.30 Schwann cells,
from the myelin sheath, are responsible for nourishing the
axon, and the thicker the myelin sheath, the more protected
the axon. Given that the tongue muscle is comprised mainly
by fast contraction muscle fibers 31,32, innervated by medium
diameter myelin fibers (5-10mm), the reduction of these
myelin fibers practically does not occur in the hypoglossus
nerve of elderly patients.

CONCLUSION

Even though aging determines modifications of the
oropharyngeal phase of swallowing, we did not observe
morphometric abnormalities of the hypoglossal nerve on
the right side in adult and elderly subjects. The intraperineural
area, the total number and distribution of myelin fibers were
similar in both age groups.
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