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ZYGMUNT URBANOWICZ

The cords of the brachial plexus in postnatal life in man

Pgczki splotu ramiennego w zyciu pozaptodowym czlowieka

The cords of the brachial plexus — lateral, medial and the posterior one,
which belong to its structure have been known for a long time (3, 4, 15), but
there is a lack of publications concerning their internal structure in available
literature. The investigation and comparison of some features of the internal
structure of brachial plexus cords gave interesting results, which are collected in
this paper.

MATERIAL AND METHODS

The cords of plexus have been examined billaterally on the cadavers of 50 males (&) and 54
females (9 ) who died at the ages between 1st day and 87th year of life; they did not suffer of any
nervous system diseases. 6 age groups were distinguished. Group [ included 8 & and 10 ¢ up to
1st year of life, group II - 8 & and 8 ¢ between 1st and 14th year of life, group 11l -6 & and 8 ?
between 15th and 22nd year of life, group IV - 10 & and 10 @ between 23rd and 40th year of life,
group V~ 10 & and 10 ? between 41st and 60th year of life, and group VI-8 & and 8 @ above
60th year of life. The trunks and cords of plexus were visualized by the preparation method. The
segments were taken from the middle parts of cords, fastened in glass frame and fixed in formalin.
Then the cross-section slides 15 pum thick were prepared and stained with Kliiver-Barrera’s met-
hod. In the slides, the number of fascicles, the size of their cross-section area and the thickness of
the plexus cords was determined by means of a microscope with drawing equipment and polar pla-
nimeter. The index of the fascicle’s area (IAF) was calculated from the formula:

" .
IAF = cross-scction area of fascicles x100

cross—scction area of cord
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RESULTS

Three cords occurred in all the cases. The posterior cord was formed by the union of poste-
rior divisions of three trunks, the lateral cord — by the union of the anterior divisions of the upper
and the middle trunks. The medial cord was formed usually only by continuation of anterior divi-
sion of the lower trunk, and in 16 cases, with share of a branch of the anterior division of the mid-
dle trunk.

THICKNESS OF CORDS OF THE BRACHIAL PLEXUS

The dimensions of the cross-section arca of cords in males are presented in Figure 1, and in
females in Figure 2. The age of subjects is marked on abscissa axis, and the age groups are separa-
ted by vertical lines. The values of cords cross-section areas are ploted on the ordinate axis.

The discussed value was similar on both sides of the single body in the lateral cord (Ic) in
6.7%, in the medial cord (mc) in 14.4% and in the posterior cord (pc) in 10.6% and it was greater
on the right side in 45.2%, 45.2% and 48.1% and greater on the left side in 48.1%, 40.4% and
41.3% of the cases respectively.

Pc was the thickest in 68.8%, mc in 25.0%, Ic in 6.2%. L¢ was the thinnest in 69.2%, mc in
25.5%, pc in 4.8% of the cases. In 0.5% lc and mc had similar thickness and smaller than pc. The
average thickness of lc was (in sq mm) 9.314 (on the right side (r) 9.343, on the left side (1) 9.284,
in males (&) 9.097, in females (%) 9.515); mc 11.116 (r — 11.200, 1 - 11.031, & - 11.533, @ -
10.730); pc 13.897 (r— 13.970, 1 - 13.825, 3 — 14.451, ? — 13.385). The discussed values came
out to be: 3.617, 4.588 and 5.223 in the first age group I, 6.063, 7.358 and 8.941 in group II,
10.513, 12.814 and 15.841 in group III, 11.602, 13.748 and 16.857 in group IV, 12.118, 14.521
and 17.591 in group V and 11.557, 13.185 and 18.596 in age group VI respectively.

NUMBER OF FASCICLES

The were observed up to S fascicles in lc in 2.4%, in mc in 1.9%, in pc in 1.0%, 6-10 fascic-
les in 17.8%, 15.4% and 5.3% respecively, 11-20 fascicles in 51.0%, 52.9% and 40.4%, 21-30 fa-
scicles in 22.1%, 25.5% and 38.0%, and more than 30 fascicles in 6.7%, 4.3% and 15.4% of the
cases. The same number of fascicles on both sides of one body was found in 7.7% in lc, in 6.7%
in mc and in 7.7% in pc, and it was greater on the right side in 48.1%, 51.9% and 51.9%, and gre-
ater on the left side in 44.2%, 41.3% and 40.4% of the cases respectively.

The number of fascicles was equal on the same side of one body in all cords in 0.5% of the ca-
ses. It had greatest values in pc in 56.2%, in mc in 23.1%, in Ic in 14.9%. The number of fascicles
was the same in pc and mc but greater than in Ic in 2.9%, the same in pc and lc but greater than in
mc in 0.5% and alike in mc and lc but greater than in pc in 1.9% of cases. It was the lowest in Ic in
40.8%, in mc in 36.5%, in pc in 13.5% of cases. The number of fascicles was the same in mc and
Ic but smaller than in pc in 5.3% and the same in pc and Ic but smaller than in mc in 3.4% of the
cases.

The mean number of fascicles in lc equalled 17.2 (r—17.4,1-17.0, & - 16.2, ¢ - 18.1), in
mc 17.4 (r-18.0,1-169,3 - 17.1, = 17.7), in pc 22.5 (r—22.9,1-22.0, - 20.1, 2- 24.0).
In the age groups it was as follows: in group I 13.0, 16.3 and 19.8, in group I1 16.7, 17.4 and 23.7,
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in group IIT 14.4, 15.7 and 23,1 in group IV 18.7, 18.6 and 21.9, in group V 19.5, 18.5 and 23.3, in
group VI 18.2, 17.4 and 23.2.

SIZE OF THE CROSS-SECTION AREA OF FASCICLES

In the studied material there were distinguished: very thin fascicles (up to 0.1 sq mm), thin fa-
scicles (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 I sq mm). Very thin fascicles (vtn) formed 30.6% in Ic, 30.7 in
mc and 30.9% in pc, thin fascicles (tn) 37.1%, 35.0% and 34.3%, medium-thick fascicles (mtk)
16.7%, 16.1% and 15.8%, thick fascicles (tk) 11.5%, 11.7% and 12.5%, very thick fascicles (vtk)
4.1%, 6.5% and 6.6% respectively.

The frequency of occurrence of differently thick fascicles in plexus cords was unequal in the
age groups. In group I vtn were present in 49.5% in Ic, in 52.8% in mc and in 56.9% in pc, tn —
37.5%, 34.7% and 31.6%, mtk — 9.2%, 7.8% and 6.6%, tk — 3.0%, 3.7% and 3.5%, vtk — 0.9%,
1.0% and 1.4% respectively. In the group II vtn constituted 44.8% in Ic, 38.9% in mc and 38.1%
in pe, tn — 37.5%, 36.7% and 38.1%, mtk — 10.3%, 14.3% and 11.7%, tk — 5.8%, 7.2% and 8.4%,
vtk — 1.7%, 2.9% and 3.7% respectively. In group III vtn formed 23.1% in Ic, 21.8% in mc and
24.7% in pc, tn — 35.4% 32.7% and 32.5%, mtk — 21.2%, 20.2% and 18.7% tk — 14.0%, 13.2%
and 15.3%, vtk — 6.3%, 12.1% and 8.8%. In group IV vtn were present in 26.1% in Ic, in 26.3% in
mc and in 22.8% in pc, tn — 34.1%, 32.0% and 33.9%, mtk — 18.3%, 16.8% and 16.6%, tk —
15.8%, 17.3% and 18.1%, vtk — 5.7%, 7.6% and 8.6% respectively. In group V vtn were present in
21.9% in lc, in 23.5% in mc and in 24.5% in pc, tn — 41.8%, 34.0% and 36.9%, mtk —~ 19.4%,
20.0% and 17.4%, tk —12.2%, 13.5% and 13.9%, vtk — 4.7%, 9.0% and 8.3% respectively. In gro-
up VI vtn were present in 26.1% in ¢, in 21.9% in mc and in 22.4% in pc, tn — 35.5%, 40.7% and
33.5%, mtk — 19.4%, 17.1% and 23.0%, tk — 15.1%, 13.3% and 14.1%, vtk — 3.9%, 7.0% and
7.0% respectively.

The size of cross-section area of fascicles (csaf) was similar on both side of the single body
in 14.4% in Ic, in 12.5% in mc and in 11.5% in pc. It was greater on the right side in 39.4%,
47.1% and 39.4% respectively, greater on the left side in 46.2%, 40.0% and 49.0%. It had the gre-
atest values in pc in 71.2%, in mc in 20.2%, in Ic in 6.7%. The sum of the csaf have shown equal
values in pc and mc but greater than in Ic in 1.4% and the same in pc and Ic but greater than in mc
in 0.5%. It was the lowest in Ic in 69.7%, in mc in 24.1%, in pc in 4.8%. The described sum had
equal values in mc and lc but smaller than in pc in 1.0% and the same in pc and Ic but smaller than
in mc in 0.5% of the cases.

The average value of csaf was (in sq mm) in lc 4.893 (r — 4.818, 1 — 4.968, - 4.678, -
5.092), in mc 5.898 (r — 5.959,1 - 5.837, & - 6.062, ? - 5.746), in pc 7.476 (r — 7.409, I — 7.544,
& —7.732, 9 — 7.240). The discussed values in the age groups come out to be: in group I 2.032,
2.543 and 3.110, in group IT — 3.299, 3.990 and 5.273, in group III — 5.689, 7.318 and 8.641, in
group IV — 6.190, 7.450 and 9.469, in group V — 6.183, 7.603 and 9.248, in group VI — 5.774,
6.231 and 8.867.

INDEX OF THE CROSS-SECTION AREA OF FASCICLES

The greatest values of IAF were found in pc in 39.9%, in mc in 24.0%, in Ic in 28.4%. They
were similar in pc and mc but smaller in Ic in 3.4%, similar in mc and lc but smaller in pc in 3.4%,
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and similar in pc and lc but smaller in mc in 0.9%. The lowest values of IAF were observed in Ic
in 36.6%, in mc in 32.7% and in pc in 25.5%. They were similar in pc and lc but greater in mc in

2.4%, similar in mc and lc but greater in pc in 1.9% and similar in pc and mc but greater in Ic in
0.9% of the cases.
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Fig. 1. Thickness of cords of the brachial plexus in males; lcr — right lateral cord, lcl — left la-
teral cord, mer — right medial cord, mcl — left medial cord, pcr — right posterior cord, pcl —
left posterior cord
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Fig. 2. Thickness of cords of the brachial plexus in females; for explanation see Fig. 1
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The IAF showed similar values on both sides of one body in 10.6% in lc, in 10.6% in mc and
in 8.7% in pc. They were greater on the right side respectively in 35.6%, 43.3% and 32.7%, and
greater on the left side in 53.8%, 46.2% and 58.6% of the cases. The average value of IAF equal-
led: 52.5 in lc (r — 51.6, 1 - 53.5, 8- 51.4, - 53.5), 53.1 inmc (r - 53.2,1-52.9, 8- 52.6, 9-
53.6), 53.8 in pc (r—53.0,1-54.6, 3 ~53.5, ? —54.1. They were different in the age groups: in
group I 56.2, 56.1 and 59.5, in group II — 54.4, 54.2 and 59.0, in group 111 - 54.1, 57.1 and 54.5, in
group IV 53.4, 54.1 and 56.2, in group V 51.0, 52.4 and 52.6, in group VI - 50.0, 47.3 and 47.7 re-
spectively.

DISCUSSION

The study of some features of internal structure of three cords in material de-
rived from the same cadavers increases our knowledge of the brachial plexus
morphology. The results obtained show great individual variability and asymme-
try. Numerous authors, who examined the structure of different parts of periphe-
ral nervous system, have already paid attention to it (1, 2, 5-14). In the examin-
cd material similar values of all 4 features were not found on both sides of a sin-
gle body, 3 of them were observed only in 1.9% in Ic and in 1.9% in mc, and
two of them in 3.8% in Ic, in 5.8% in mc and in 4.8% in pc. The same or similar
values of a single feature on both sides of one body were found rather seldom:
the thickness of I¢c in 2.9%, of mc in 8.7% and of pc in 8.7%, the size of csaf re-
spectively in 11.5%, 7.7% and 8.7%, the number of fascicles in 5.8%, 3.8% and
4.8%, IAF in 5.8%, 6.7% and 8.7% of the cases.

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

Most often the posterior cord was the thickest one and most rarely was the la-
teral cord. The greatest mean value of thickness of pc, was bigger than respec-
tive values of mc by 25.0% (r — 24.7%, 1 — 25.3%, &~ 25.3%, ? —24.7%), and
of lc by 49.2% (r — 49.5%, | — 48.9%, 8- 58.9%, 9— 40.7%), whereas in age
group I respectively by 13.8% and 44.4%, in group II by 21.5% and 47.5%, in
group I1I by 23.6% and 50.7%, in group IV by 22.6% and 45.3%, in group V by
21.1% and 45.2%, in group VI by 41.0% and 60.9%. In postnatal life the
thickness of Ic increased by 3.4 times, of mc by 3.2 times, and of pc by 3.6
times.

The number of fascicles was the same in three cords in 0.5%, in two cords —
pc and mc in 2.9%, pc and Ic in 0.5%, and lc and mc in 1.9% of the cases. The
biggest number of fascicles was found most often in pc, and most rarely in lc.
The greatest average number of fascicles was observed in pc, and it was bigger



20 Zygmunt Urbanowicz

than the discussed value of mc by 29.2% (r — 27.2%, 1 — 30.2%, 38— 17.5%, 9-
35.6%), and of Ic by 30.8% (r — 31.6%, 1 — 29.4%, &—24.1%, @ — 32.6%), whe-
reas in age group I by 21.5% and 52.3%, in group II by 35.6% and 41.3%, in
group III by 47.1% and 40.9%, in group IV by 17.7% and 17.1%, in group V by
25.9% and 19.5%, in group VI by 33.3% and 27.5% respectively. The mean
number of fascicles was the smallest in lc and pc in age group I, and in mc in
group I11, and the biggest Ic in group V, in mc in group IV, and in pc in group II.

The sum of csaf was similar in pc and mc in 1.4% and in pc and Ic in 0.5%
of the cases. It had the biggest values most often in pc, and most rarely in lc.
The greatest average value of csaf, recorded in pc, was bigger than the respec-
tive value of mc by 26.8% (r — 24.3%, 1 — 29.2%, & — 27.5%, ?— 26.0%), and
of Ic by 52.8% (r — 53.8%, 1 — 51.9%, & — 65.3%, ? —42.2%), whereas in age
group I respectively by 20.8 und 53.1%, in group II by 32.2% and 59.8%, in gro-
up III by 18.1% and 51.9%, in group IV by 27.1% and 53.0%, in group V by
21.6% and 49.6%, in group VI by 42.3% and 53.6%. In postnatal life the size of
csaf of brachial plexus cords increased 3 times.

The participation of the fascicles of different thicknesses in the structure of
cords was similar. Little differences concerned mainly tn which most often appe-
ared in Ic, and most rarely in pc and vtk was observed most rarely in lc and was
equally present in mc and pc. On the right side vtn and tk in pc, tn in mc and
mtk in lc were found most often, but on the left side more often mtk in pc, tk in
lc and mc, and vtk in Ic were seen. Certain differences in the fascicular structure
were observed in relation to the sex too. In lc the mtk appeared more often in fe-
males, but vtk in males. In mc the mtk occurred more often in females too, but
tk and vtk in males. In pc the vtn and tn were found more often in females, but
mtk, tk and vtk in males. The participation of fascicles of different thicknesses
in the cords structure, apart from tn, underwent big changes in postnatal life.
The percentage of vtn decreased considerably, and of mtk, tk and vtk increased.

The size of IAF was similar in Ic and mc in 5.3%, in Ic and pc in 3.4% and
in mc and pc in 4.3% of the cases. The biggest index attained pc in 39.9%, mc
in 24.0% and Ic in 28.4%. The greatest average value of IAF, observed in pc,
was bigger than the respective value of me by 1.3%, and of Ic by 2.5%. The size
of all cords decreased in postnatal life: Ic by 11.0%, mc by 15.7%, pc by 10.8%.
It results from the increase of the connective tissue which is part of their structure.
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STRESZCZENIE

Grubo$¢ peczkéw splotu ramiennego — bocznego, przy$rodkowego i tylnego, wielkoS¢ po-

wierzchni poprzecznego przekroju ich pgezkéw, liczbg pgezkow i wskaznik powierzchni pgezkow
badano obustronnie na materiale 104 0s6b obojga pici. Pgczek boczny charakteryzuja najnizsze $red-

nie

warto$ci, peczek przysrodkowy — §rednie wartosci, pgezek tylny — najwyzsze érednie wartoSci

wszystkich cech. Udzial peczkéw o réznej grubosci w budowie pgczkéw splotu jest podobny.






