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ZYGMUNT URBANOWICZ

Fascicular structure of the mixed nerves
of the brachial plexus

Budowa pgczkowa nerwéw mieszanych splotu ramiennego

The internal structure of the brachial plexus nerves has been known relatively lately. The studies
were made on the wide enough material, but they concerned usually the single nerves only (8, 12—
-16). There is a lack of works concerning all the mixed nerves of the brachial plexus and performed
on a material derived from the cadavers of the same persons. In the present work the thickness of the
musculocutaneous nerve, the median nerve, the ulnar nerve, the radial nerve and the axillary nerve,
the number of fascicles, the size of their cross—section area and the index of fascicle’s area are discussed.

MATERIAL AND METHODS

The studies were carried out bilaterally on the bodies of 39 males (&) and 41 females (?) who
died at the age between 1st day and 87th year of life. They were free of any nervous system diseases.
These were divided into six age groups. Group I included,7 & and 8 ? up to 1 year of life, group I -
7 3 and 7 @ between 1st and 14th year of life, group Il -5 & and 5 ? between 15th and 22nd year of
life, group IV -8 3 and 6 @ between 23th and 40th year of life, group V-6 & and 8 @ between 41st
and 60th year of life, and group VI- 6 & and 7 @ above 60th year of life. The trunks, cords and
mixed nerves of the brachial plexus were visualized by the preparation method. The segments of the
length of 8—15 mm were taken from the initial parts of the examined nerves, and then, after the fixa-
tion in glass frames, they were fixed in formalin. The sections 15 pym thick, being cross—sections of
the nerves, were taken out of the segments. The slides were stained with Kliiver—Barrera’s method and
were examined by means of a microscope with a drawing equipment and planimeter. The thickness of
nerves, the number of fascicles and size of their cross—section area were determined. The index of the
fascicle’s area (IAF) was calculated from the formula:
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more than 15 fascicles in 18.8 in med, in 1.2 in uln and in 55.6% in rad. The same number of
fascicles on both sides of one body was found in 15.0% in mc, in 8.8% in med, in 17.5% in uln, in
7.5% in rad and in 31.3% in ax, and it was greater on the right side in 45.0, 51.2, 42.5, 55.0 and
36.2%, and greater on the left side in 40.0, 40.0, 40.0, 37.5 and 32.5% of the cases respectively. The
number of fascicles was the greatest in 75.6% in rad, in 18.8% in med and in 1.3% in uln. The
number of fascicles was the same in two nerves in 3.1% (in rad and med in 2.5%, in rad and uln in
0.61%), and in three nerves in 1.2% (in rad, med and uln in 0.6%, in rad, med and ax in 0.6%), but
greater than in the remaining nerves. It was the lowest in 53.2% in ax, in 13.1 in mc, in 6.3% in uln
and in 0.6% in med. The number of fascicles was equal and the lowest in two nerves in 22.5% (in mc
and ax in 11.9%, in uln and ax in 6.9%, in mc and uln in 1.9% and in 0.6% equally in med and ax,
med and mc, med and uln), and in three nerves in 4.3% (in mc, uln and ax in 3.1%, in mc, med and
uln in 0.6%, in med, uln and ax in 0.6%).

The mean number of fascicles equalled in mc 4.5 (r-4.7,1-4.4, 3 -3.9, @ —5.1),in med 10.7
(r-106,1-10.8,3 -9.5, ? -11.8)inuln 6.2 (r-6.1,1-6.3, § - 5.3, ? —7.1), in rad 16.0 (r -
16.1,1-16.0, & - 15.1, 2 - 16.9), inax 2.7 (r— 2.8,1- 2.6, & — 2.4, ? ~3.0). In the age groups it
was: in group1-4.9,7.4,5.6,17.0and 3.1, in groupI1-4.2,8.2,5.1,15.3 and 2.7, in group 111 - 4.4,
11.3,7.8,15.6 and 3.3, in group IV - 4.6, 12.7,7.5,15.8 and 2.2, in group V-4.1, 12.4, 6.0, 15.9 and
2.6, in group VI-5.0, 12.6, 5.7, 16.6 and 2.5 respectively.

VALUE OF THE CROSS-SECTION AREA OF FASCICLES (CSAF)

There were differentiated: very thin fascicles (up to 0.1 sq mm), thin fascicles (0.101-0.3 sq
mm), medium-thick fascicles (0.301-0.5 sq mm), thick fascicles (0.501-1 sq mm) and very thick
fascicles (over 1 sq mm). Very thin fascicles (vin) made 34.8% in mc, 16.1% in med, 20.6% in uln,
31.6% in rad and 24.2% in ax, thin fascicles (tn) 32.4, 37.9, 33.7, 34.5 and 30.7%, medium-thick
fascicles (mtk) 12.8, 23.0, 17.8, 17.8 and 14.6%, thick fascicles (tk) 9.5, 16.9, 16.9, 12.9 and 13.4%,
very thick fascicles (vtk) 10.5, 6.1, 11.2, 3.2 and 17.1% respectively.

The frequency of occurrence of differently thick fascicles in nerves was unequal in the age
groups. In group I vtn were present in 65.3% in mc, in 30.8 in med, in 45.2 in uln, in 61.9% in rad
and in 53.3 in ax, tn —in 29.3, 49.8, 42.9, 34.2 and 25.0%, mtk —in 2.7, 12.2, 6.5, 2.4 and 12.0%, tk
-in2.7,5.0,3.0, 1.6 and 9.8%, vtk ~in 0, 2.2, 2.4, 0 and 0% respectively. In group II vtn consisted
of 43.7% in mc, 14.7% in med, 20.4% in uln, 29.8% in rad and 28.0% in ax, tn — 32.8, 37.2, 38.0,
44.8 and 34.7%, mtk 9.2, 28.1, 19.0, 15.2 and 9.3%, tk - 3.4, 12. 6, 12.6, 9.8 and 14.7%, vtk — 10.9,
7.4,9.9, 0.5 and 13.3% respectively. In group III vtn formed 15.9% in mc, 10.6% in med, 10.2% in
uln, 19.2% in rad and 16.6% in ax, tn — 40.9, 33.0, 33.1, 34.0 and 36.4%, mtk 19.3, 23.8, 28.0, 25.0
and 18.2%, tk — 11.4,24.2, 18.5, 17.6 and 10.6%, vtk — 12.5, 8.4, 10.2, 4.2 and 18.2% respectively.
In group IV vtn were present in 25.6% in mc , in 12.6%, in med, in 13.7% in uln, in 20.8% in rad and
in 9.7% in ax, tn — in 31.8, 37.0, 30.8, 21.0 and 22.6%, mtk — in 17.0, 24.4, 19.4, 21.5 and 17.7%, tk
—-in 10.1, 19.3, 26.1, 18.8 and 16.1%, vtk — in 15.5, 6.7, 10.0, 7.9 and 33.9% respectively. In group
V vtn were present in 17.5% in mc, in 11.8% in med, in 18.3% in uln, in 21.1% in rad and in 15.3%
in ax, tn - in 36.8, 36.3, 32.0, 31.5 and 30.5%, mtk —in 15.8, 25.6, 13.6,24.9 and 16.7%, tk —in 12.3,
19.9,19.5,19.6 and 15.3%, vtk —in 17.5, 6.4, 16.6, 2.9 and 22.2% respectively. In group VI vtn were
present in 29.4% in mc, in 19.2% in med, in 16.2% in uln, in 28.3% in rad and in 10.6% in ax, tn - in
26.4,36.3,25.7, 32.0 and 36.3%, mtk - in 16.3,21.9,20.9, 22.5 and 15.2%, tk—in 18.6, 17.1, 18.3,
13.0 and 15.2%, vtk —in 9.3, 5.5, 18.9, 4.2 and 22.7% respectively.
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The size of cross-section area of all the fascicles (csaf) was similar an both sides of a single
body in 16.2% in me, in 17.5% in med, in 21.2% in uln, in 20.0% in rad and in 15.0% in ax. It was
greater on the right side in 33.8, 43.8, 45.0, 36.3 and in 45.9% respectively, greater on the left side in
50.0, 37.5, 33.8, 43.7 and in 40.0%. It had the greatest values in 48.1% in rad and in 40.0% in med.
The sum of the csaf have shown equal values in rad and med but greater than in the remaining nerves
in 11.9% of the cases. The described sum was the lowest in 67.5% in ax, in 22.5% in mc and in 1.2%
in uln. It had equal values in mc and ax but smaller than in remaining nerves in 8.8% of the cases.

The average value of csaf was (in sq mm) in mc¢ 1.704 (r - 1.636,1- 1.772, 8 - 1.635, @ -
1.770), in med 4.419 (r - 4.502,1-4.337, 3 - 4.458, @ —4-382), in uln 2.788 (r - 2.871, 1 - 2.706,
3 -2.810, 2 —2.767),inrad 4.461 (r-4.473,1-4.448, 3 4.502, @ —4.421), in ax 1.339 (r— 1.346,
1-1.332, 3 - 1.338, @ - 1.340). It was different in the age groups: in group I the average value was
in the mc 0.586, in the med 3.437, in the uln 1.008, in the rad 1.741 and in the ax 0.521, in group II
—1.270, 3.437, 2.054, 3.376 and 1,077, in group III - 2.147, 5.751, 3-766, 5.585 and 1.687, in group
IV - 2.167, 5-659, 3-754, 6.183 and 1.779, in group V - 2.207, 5.508, 3.291, 5.281 and 1.612, in
group VI -2.082, 5.102, 3.297, 5.161 and 1.495 respectively.

INDEX OF THE CROSS-SECTION AREA OF FASCICLES

The greatest values of IAF were found in 58.1% in ax, in 16.3% in mc, in 8.1% in med and in
6.3% in uln. It was similar in two nerves (in ax and mc in 2.5%, in ax and med in 2.5%, in ax and uln
2.5%, in ax and rad in 0.6%, in mc and uln in 1.9%, in mc and med. in 0.6%, in uln and med. in 0.6%)
but greater than in the remaining nerves in 11.2% of the cases. The lowest value of IAF were ob-
served in 39.4% in rad, in 28.1% in med, in 8.8% in uln, in 6.3% in mc and in 0.6% in ax. It was
similar in two nerves (rad and mc in 3.1%, rad and med in 5.6%, rad and uln in 1.9%, rad and ax in
0.6%, med and uln in 1.9%, med and ax in 0.6%, mc and uln in 1.9%, mc and ax in 0.6%) in 16.2%,
and in three nerves (mc, med and uln) in 0.6% but smaller than in remaining nerves.

The IAF showed similar values on both sides of one body in 10.0% in mc, in 8.7% in med, in
8.7% inuln, in 6.2% in rad and in 21.2% in ax. It was greater on the right side in 42.5, 43.8, 56.3,41.3
and 37.5%, and it was greater on the left side in 47.5, 47.5, 35.0, 52.5 and 41.3% of the cases respec-
tively.

The average value of IAF equalled: 65.8 in mc (r - 65.5,1-66.1, 3 - 66.5, @ - 65.1), 56.1 in
med (r- 55.6,1-56.6, 3 56.1,  —56.0),62.5inuln(r-65.6,1-61.4, 8 ~63.6, ? 61.5), 54.0 in rad
(r-535,1-545,3 -536, % ~544),749 inax (r—75.2,1-74.6, 3 —76.5, @ —73.4). The
discussed values in the age groups ranged as follows: in group I the average value was 62.3 in mc,
66.1 in med, 65.8 in uln, 58.5 in rad and 74.7 in ax, in group II - 64.9, 63.4, 66.6, 61.2 and 77.8, in
group II1 - 69.5, 55.9,60.2, 56.3 and 77.7, in group IV - 66.4, 54.1, 60.5, 54-7 and 77.6, in group V
- 67.6,57.0,64.3,51.8 and 73.8, in group VI - 61.7, 50.3, 61.8, 48.3 and 67.3 respectively.

DISCUSSION

The study of some features of the internal structure of all mixed nerves of the brachial plexus in
the material derived from the same human corpses increases our knowledge of the brachial plexus
morphology. They are important both from theoretical and practical points of view (2, 7). The stud-
ies performed recently have shown the great individual variability and asymmetry. Numerous au-
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thors, who examined the structure of various nerves, have already paid attention to it (1, 3-6, 8-16).
The represented studies showed that thickness of nerves, number of fascicles, size of their cross—
—section area and index of the fascicle’s area are usually different even in the same person on both
sides of his body. The similar values on both sides of one body for 4 examined features were ob-
served only in 1.2% in uln, for 3 features only at a time 1.2% in mc, med, uln and rad, for 2 features
in 6.2% in mc, in 3.7% in med, in 11.2% in uln, in 6.2% in rad and in 17.5% in ax. The same or
similar values of a single feature were found also rare on both sides of one body: the thickness of mc
in 6.2%, of med in 11.2%, of uln in 6.2%, of rad in 12.5% and of ax in 3.7%, the size of csaf in
13.7%, 12.5, 12.5, 13.7 and 11.2%, number of fascicles in 10.0, 7.5, 11.2, 6.2 and 16.2%, and IAF in
6.2,7.5,2.5,5.8 and 8.7% respectively.

The mean size of nerves were different on both sides of each body with the exception of thick-
ness of ax, size of csaf of rad and ax, number of fascicles of rad and IAF of mc and ax. The greater on
the right than on the left side were: thickness of med by 5.6, uln by 2.4%, rad by 2.8%, size of csaf of
med by 3.8%, uln by 6.1%, number of fascicles of mc by 6.8%, ax by 7.7%, and IAF of uln by 3.6%.
The above mentioned features were greater on the left than on the right side: thickness of mc by
9.1%, size of esaf of mc by 8.3%, number of fascicles of med by 1.0%, uln by 3.3%, IAF of med by
1.8, rad by 1.9%. They showed, with the exception of csaf in ax and IAF in med, the differences
related to the sex. In males were greater than in females: thickness of med by 1.6%, rad by 3.5%, size
of csaf of med by 1.7%, uln by 1.6% and rad by 1.8%, IAF in mc by 2.2%, uln by 3.4% and ax by
4.2%. In females were greater than in males: thickness of mc by 13.4%, uln by 1.8% and ax by 4.4%,
size of csaf of mc by 8.3%, number of fascicles of mc by 30.8%, med by 24.2%, uln by 34.0%, rad by
11.9% and ax by 25.0 and IAF in rad by 1.5%.

The nerves differed between each other in thickness, size of csaf, number of fascicles and value
of IAF.

The rad reached the highest average thickness; it was greater than the respective value of med by
4.8%, uln by 85.2%, mc by 217.0% and ax by 362.0%. The highest average value of csaf was also
observed in rad. It was greater than the respective value of med by 0.9%, uln by 60.0%, mc by 161.8%
and ax by 233.2%. The highest average number of fascicles, considering also rad, was greater from
the corresponding value of med by 49.5%, uln by 159.1%, mc by 255.6% and ax by 492.6%. The
highest average value of IAF, recorded in ax, was greater from corresponding value in mc by 13.8%,
uln by 19.8%, med by 33.5% and rad by 38.7%. The average values of the examined features clearly
distinguished the nerves. The mc has been characterized by: small thickness, small size of csaf, small
number of fascicles and high IAF, the med — great thickness, great size of csaf, great number of
fascicles and small IAF, the uln — middle sizes of 4 features, the rad — the greatest thickness, the
greatest csaf, the highest number of fascicles and smallest IAF, the ax — the smallest thickness,
smallest csaf, smallest number of fascicles and the highest IAF.

The participation of the different thickness fascicles in nerves structure was unequal. Vtn and tn
occurred more often in mc and rad, less often in med, uln and ax, mtk — most often in med, less often
in uln and rad, least often in me and ax, tk and vtk more often in ax and uin, less often in med and mc
and least of ten in rad.

The studied features underwent big changes in postnatal life, mostly up to 22nd year of life. The
thickness of nerves increased: of mc 3.5 times, med 4.1 times, uln 4.1 times, rad 3.8 times and ax 3.3
times. The size of csaf increased 3.8 times, 3.4 times, 3.7 times, 3.6 times and 3.4 times respectively.
The number of fascicles in adults was smaller than in children up to 1 year of life by about 8% in mc,
by over 5% in rad and by over 20% in ax, but in med it was greater by 70% and in uln by 15%. The
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index of the fascicle’s area had the greatest values in children up to 14 years old, with the exception of
mc in which case the greatest value is attained in the period up to 22nd year of life. Above the 60th
year of life IAF had the lowest values in all nerves. The decrease of the index is mainly a result of the
increase in the area occupied by the connective tissue being a part of the nerve, observed in older
subjects. The participation of fascicles of different thickness in the structure of nerves changed in
postnatal life, too. In children up to 1 year of life vin made, with the exception of med, the biggest
group, which with the increase of age decreased considerably in all nerves. The percentage of tn, made
in children also a big group, decreased with the increase of age the most in uln and med, not much in
rad, but increased a little in mc and ax. Mtk, observed in children more rarely than vtn and tn, with the
increase of age increased the participation in the structure of nerves, especially of mc, uln and rad.
However, the percentage of fascicles with the cross—section area greater than 0.5 sq, mm increased the
most: tk on average 4 times, and vtk, which did not occur in children up to 1 year o life in mc, rad and
ax at all, did not reach even 2.5% in med and uln, and in adults they made 13% of all the fascicles.
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STRESZCZENIE

W nerwach mieszanych splotu ramiennego, pochodzacych z 80 zwiok ludzi zmartych w wieku
od 1 dnia do 87 lat, badano grubos$é, liczbg peczkéw (Ip) i wielkos¢ powierzchni ich poprzecznego
przekroju (pppp) oraz wskaZznik powierzchni pgczkéw (wpp). Przecigtne wartosci badanych cech
wyr6znialy nerwy. N. mig§niowo—skomy charakteryzowaly: mata grubos¢, wielkos¢ pppp i Ip oraz
wysoki wpp, n. posrodkowy — duza grubo$¢, wielkos¢ pppp i Ip oraz niski wpp, n. fokciowy — $rednie
wielkosci 4 cech, n. promieniowy — najwyzsza grubosé, wielko$¢ pppp i Ip oraz najnizszy wpp, n.
pachowy — najmniejsza grubosé, wielko$¢ pppp i Ip oraz najwyzszy wpp. Udzial pgczk6w o réznej
grubosci byl niejednakowy w budowie nerwéw mieszanych splotu ramiennego.






