
(302)

18th MEETING MEAT RESEARCH WORKERS
GUELPH, ONTARIO, CANADA, AUGUST 20 - 25, 1972.

PENETRATION OF INTRAVASCULARY INJECTED PICKLE INGREDIENST
INTO SHOULDER MUSCULES

R.Tadic, M. Nadj, B. Mihajlovic, B. Draganovifi

Yugoslav Institute of Meat Technology, Beograd



(303)

PENETRATION OF INTRAVASCULAR): INJECTED PICKLE INGREDIENTS INTO

SHOULDER MUSCLES

R. T a d ic , M. N ad j, B. M ih a jlo v id , B. Draganovic

The data on the p en e tra tio n  o f  in tra va scu la ry  in je c te d  p ic k le  

in g red ien ts  in to  muscles o f  the a n te r io r  ex trem ity  (sh ou ld e r ) o f  

swine are v e ry  scarce in  the l i t e r a t u r e .  The morphology and the t o 

pography o f  m uscles, as w e ll  as b lood v e s s e ls  o f  the a n te r io r  e x t r e 

m ity o f  sw ine, are m ain ly presen ted  on ly  from the aspect o f  th e com

p a ra t iv e  anatomy o f  dom estic an im als. A n a tom ica l-top ograp h ica l p ro 

p e r t ie s  o f  these m uscles, and t h e ir  v a s c u la r ity ,  c e r ta in ly  have a 

h igh  in flu en ce  on the dynamics o f  the p en e tra tio n  o f  p ic k le  in g r e 

d ien ts  in to  shoulder muscles o f  sw ine. T h e re fo re , we have se t the 

fo l lo w in g  tasks:
- to  e s ta b lis h  the an a tom ica l-top ogra p h ica l and the morpho

lo g i c a l  p ro p e r t ie s  o f  the most im portant muscles (in c lu d es  in  the 

sh ou ld er) o f  the a n te r io r  e x tre m ity , and to  determ ine th e ir  w e igh ts ;

- to  study up the anatom ical s i t e  o f  the a r t e r ia l  system , 

namely to  analyse the v a s c u la r ity  o f  d e f in i t e  muscles o f  the sh ou lder;

- to  fo l lo w  the dynamics o f  the p en e tra tio n  o f  a d e f in i t e  

p ic k le  component in to  in d iv id u a l muscles o f  the sh ou lder, by using 

the r a d io a c t iv e  markers.

MATERIALS AND METHODS

A n a t o m i c a l - t o p o g r a p h i c a l

e x a m i n a t i o n s

The a n te r io r  e x tr e m it ie s  o f  sw ine, used fo r  a n a to m ica l-to 

p ograp h ica l exam inations, were separated  from the thorax o f  s id es  

o f  w h ite meat hogs o f  dom estic b reed , w eigh ing about 95 kg , by cu t

t in g  the correspond ing muscles o f  the synsarcous connexion : c ra n io -  

- d o r s a l ly  - m. b ra ch io cep h a licu s ; d o r s a l ly  - m. tra p e z iu s  and m. 

rhomboideus; ca u d o -d o rsa lly  -  m. la tis s im u s  d o r s i ;  c a u d o -v en tra lly  

- m. p e c to r a l is  ascendens, and from the m edial s id e  -  m. serra tu s 

v e n t r a l is .  The a n te r io r  e x tre m ity , separated  from the carcass In 

th is  way, and a f t e r  d is a r t ic u la t io n  o f  i t s  ca rp a l j o in t ,  is  known 

as "sh ou ld er" in  the p ra c t ic e  o f  meat in d u s try .
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Preparation of shoulder muscles was carried out by usual 
anatomical technique, using the corresponding instruments.

R a d i o g r a p h i c  e x a m i n a t i o n s

As a contract means in the arteriography of the anterior 
extremity, namely shoulder, lead oxide and lead chromate mixed with 
gelatine were used.

R a d i o m e t r i c  e x a m i n a t i o n s

Prior to injection, the shoulders were cooled for 18 hous.
The pickle was injected through a. axillaris in the quantity of 10 
percents, calculated on the weight of bone-in shoulders. The pickle 
with marked phosphates, in the form of sodium ortophosphate, i.e.

(^2P04)2 , whose activity was 5mCi, was used for the examina
tion. The activity of samples taken from the surface of individual 
muscles was measured 1, 2, 3, 6, 12, 24 and 48 hours after injection, 
on the "Philips" universal counter.

RESULTS AND DISCUSSION
A n a t o m i c a  1- t  o p o g r a p h i c a l  a n d  t e c h n o 

l o g i c a l  e x a m i n a t  i  o n s

Besides other anatomical p a rts , the shoulder is  composed 

o f cut portions or in tact muscles o f the synsarcous connexion and 

o f the muscles o f the scapulo-humeral region .
M u s c l e s  o f  t h e  s y n s a r c o u s  c o n -  

n e x i  o n (m. brach iocephalicus, m. latissim us dors i and mm. pec- 
t o r a le s ) represent a rather s ign ific an t muscle mass o f the swine 

shoulder.
According to the data from the literature, m. bracnioce^-ts 

licus in swine, as well as in equines and ruminants, consists of 
-three parts: m. clsidooccipitalis, m. cleidomastoideu and m. cle 
idobrachialis. The stunted clavicle in swine is represented only 
by a rather difficultly observed, transversally striped band of 
connective tissue. Therefore, it is impossible to establish a dio 
tinct limit among these three muscles. Our examinations have shown 
-that m. brachiocephalicus in swine is a unique muscle, beginning 
with two meaty parts: pars occipitalis and pars mastoideus. The co
lour of this muscle is not uniform. The nuances from pale-rosy to 
dark-red colour are observed.
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M. latissimus dorsi, namely that part of this muscle which 
remains on the shoulder after cutting, has a triangular form due to 
the convergent direction of its muscle bundles. The muscle bundles 
are tender, streaked with fatty tissue and, therefore, of lighter 
pale-rosy colour.

Mm. pectorales in swine, as well as in other domestic mam
mals, are divided into two groups: mm. pectorales superficiales and 
mm. pectorales profundi. The first group of pectoral muscles inclu
des m. pectoralis descendens and m. pectoralis transversus, whereas 
the second group includes m. pectoralis ascendens s. pars humeralis 
and m. pectoralis cleidoscapularis s. pars praescapularis.

The muscle bundles of m. pectoralis ascendens are at the be
ginning very rough and of lighter red-rosy colour. Immediately after 
insertion, they become thinner, more tender and somewhat darker in 
colour. On the contrary, the muscle bundles of m. pectoralis cleido
scapularis are to a considerable extent streaked with connective and 
fatty tissue, the pale-rosy colour of this muscle being therefore 
intensified.

M u s c l e s  o f  s c a p u l  o-h u m e r a l  r e g i o n  
include: m. deltoideus, m. infraspinatus, m. supraspinatus, m. teres 
minor, m. subscapularis, m. teres major, m. coracobrachialis, m. cap- 
sularis (lacking often), m, triceps s. quinticeps brachii, m. anconeus 
and m. tensor fasciae antebrachii.

In the available literature, m. triceps brachii has been des
cribed as the most significant muscle of the shoulder. According to 
the results of our examinations, the term "triceps" is not the appro
priate name for this muscle because this muscle does not consist of 
three parts but of five clearly differentiated parts: pars dorsalis 
lateralis, pars ventralis lateralis and pars medialis making up a 
whole (in the literature, all the three parts together are named 
caput longum), then caput laterale and caput mediate. We have there
fore named the muscle m. QUINTICEPS brachii.

Studying the macrostructure of m. quinticeps brachii, namely 
pars dorsalis lateralis, pars ventralis lateralis and pars medialis, 
we have established that their muscle bundles are thin and tender, 
and predominantly of light-rosy colour. Caput laterale shows a simi
lar macrostructure. However, caput mediate is of dark-red colour and 
to a higher extent streaked with connective tissue.
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Due to limited space, we are not in possibility to present the re
sults for other muscles of the shoulder, which were studied up in 
details, too.

Table 1 presents the minimum, maximum and mean values of 
the weights of individual, most significant muscles of the shoulder.

Table 1.

M u s c l e W e 
Min.

i g h 
— Mi3TT

t in kg 
Mean value

m. brachiocephalicus 0,110 0,125 0,116
m. latissimus dorsi 0,115 0,130 0,123
m. pectoralis ascendens 0,165 0,250 0,222
m. pectoralis cleidoscapularis 0,185 0,225 0,204
m. infraspinatus 0,300 0,385 0,353
m. supraspinatus 0,370 0,480 0,436
m. quinticeps brachii:

- pars dorsalis lateralis
- pars ventralis lateralis 0,470 0,525 0,504
- pars medialis
- caput laterale 0,120 0,130 0,129
- caput mediale 0,050 0,065 0,057

From the presented data, it can be seen that among the exa
mined muscles of the shoulder, m. quinticeps brachii shows the hig
hest value of the weight.

The amounts of proteins, fat and water found in m. quinti
ceps brachii are given in Table 2. The results of chemical exami
nation of m. quadriceps femoris, a muscle of the posterior extremity 
being fevery similar to m. quinticeps brachii regarding its macro- 
structure, are also presented in the table for the purpose of com
parison.

Table 2.
M u s c l e P

Water
e r c e n
--- Fit

t a g e
Proteins

Pars dorsalis lateralis 
Pars ventralis lateralis 76,30 2,25 20,60
Pars medialis 
Caput laterale 76,60 1,98 21,20
Caput mediale 75,20 4,13 19,30
Quadriceps femoris 76,60 2,11 20,41
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The presented results show that regarding the basic chemi
cal indices, there are not any more essential differences between 
m. quadriceps femoris of the posterior extremity and the main mus
cle mass - m. quinticeps brachii of the anterior extremity.

R a d i o g r a p h i c  e x a m i n a t i o n s

The sites of blood vessels of the shoulder, photographed 
radiographically and obtained by anatomical preparation, are sche
matically presented in Figure 1.

Fig. 1. Sheme of the arterial 
system of the right 
anterior extremity of 
swine

1. a.axillaris; 2. a.subscapu- 
laris; 3. a.brachialis; 4. a. 
thoracicodorsalis; 5.a. circum- 
flexa humeri posterior; 6. a. 
circumflexa scapulae; 7. a. 
circumflexa humeri anterior; 8.
a.profunda brachii; 9. a.colla- 
teralis ulnaris (proximalis);
10. a.collateralis radialis 
(distalis); 11. a.mediana; 12. 
a.interossea communis; 13. a. 
radialis; 14. a.ulnaris; A. 
arterial branch not fount in 
the available literature.

In a certain number of works, there can be found the datum 
that on occasion of pickle injection into muscles of the shoulder, 
the pickle is injected through a. subscapularis or truncus brachio- 
cephalicus. The results of our examinations show that truncus bra- 
chiocephalicus is lacking in swine, what was also confirmed by the 
data of Ellenberger-Baum. A.subscapularis is, in fact, a branch of 
a.axillaris (as presented in the scheme), which vascularized for 
the most part the muscles of the scapula. Analysing the vascular!tv



of the shoulder, it can be seen that the majority of the muscles 
of the synsarcous connextion is not directly covered with arterial 
vessels which branch from a.axillaris. Comparing our artériographie 
finding with the data published in the literature up to now, it 
comes out that certain differences can be observed in the arterial 
system of the shoulder of swine. First of all, these differences 
refer to the vascularity of musculature of distal parts of the shoul 
der. Namely, on the proximal third of the medial side of ossa ante- 
brachii, somewhat over a. interossea communis, and starting from 
a.mediane, there separates a considerably developed branch, which 
extends caudally and then ventrally and which directs its branches 
toward the metacarpus. Such sites of blood vassels in the distal 
part of the anterior extremity of other domestic animals have not
been described in the literature.

Direct vascularity through developed arteries was expressed 
to the most extent in m. infraspinatus and then in m. supraspinatus. 
According to our examinations, however, m. quinticeps brachii shows 
the most intensively developed capillary network. That means that 
the total lumen of blood vessels is to the highest extent expressed 
in this muscle. Considering the arterial system of the shoulder 
musculature, it can be emphasized that it is more intensively de 
veloped in the scapula region.

R a d i o m e t r i c  e x a m i n a t i o n s

Our previous examinations regarding the penetration of in- 
travasculary injected pickle ingredients into muscles of the poste
rior extremity of swine have shown that this process can be divided 
into two stages; mechanical forcing of the pickle and osmotic-dif
fusion processes. By radiographic and radiometric examinations, we 
have established that intraarterially injected pickle at first fills 
the volume of blood vessels and then the capillary system. After that, 
there take place physico-chemical processes of osmosis and diffusion, 
namely, binding of pickle ingredients. Penetration of pickle ingre
dients from blood vessels into the capillary system is carried out 
under the effect of a mechanical power, i.e. the pressure under 
which the pickle is injected. Penetration of the pickle from the ca
pillary system into intercellular spaces is most probably the result 
of the breaking of the capillary system. The limited space does not
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allow us to present all the results obtained by the examination of 
the penetration of pickle ingredients into muscles of the shoulder. 
Therefore we shall limit ourselves only to the data obtained by ra
diometric measurements of the intensity of radioactive impulses in 
individual muscles of the shoulder. When making the choice of mus
cles , we tried to include in the examination both the muscles being 
indirectly supplied with blood, namely receiving the pickle through 
collaterals and osmotic-diffusion processes. Measurements of the 
activity were done on the surface of muscles. The purpose wos to 
establish what time the pickle ingredients need to get, directly 
from the arterial network, to superficial parts of the muscles.The 
results of the 32P activity measurements are presented in Table 3,

Table 3.
M u s c l e h aktiv.100" imp./min. imp./min./g

1 2 ~ T ~ 4 5
1 0 0 0

m. pectoralis 2 0 0 0
ascendens 3 20 12 21
(pars hume- 6 30 18 40
ralis) 12 2067 1240 3640

24 84 50 150
48 80 18 89
1 0 0 0
2 0 0 0m. cleidosca- *

3 48 29 66pularis 6 42 24 65(pars prae- 12 1195 717 2708scapularis) 24 25 15 4 b
48 8 5 9
1 1014 680 2060
2 4460 2676 7760
3 6070 3642 12070

m. supraspinatus 6 775 435 684
12 2540 1524 5080
24 855 513 1200
48 1477 886 1870
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1 2 -----3----- 4 5
1 2541 1524 5260
2 6036 4101 10580
3 10684 6388 12280

m.infraspinatus 6 3762 2257 5130
12 6519 3911 15012
24 3302 1981 4670
48 2703 1621 3730
1 0 0 0

m.quinticeps 2 0 0 0
brachii 3 18 10 31
(caput 6 65 39 78
laterale) 12 431 258 860

24 150 90 308
48 135 81 208

m.quinticeps 1 0 0 0
brachii 2 0 0 0
pars dors.later. 3 3 2 4
pars vent.later. 6 93 56 148
pars medialis 12 765 459 1080
(caput longum) 24 216 129 570

48 553 331 550

Immediately after the injection of the pickle (an hour) into 
m.infraspinatus and m.supraspinatus , a large number of impulses was 
registered. In the interval between the second and the third hour, 
the "plateau" was achieved in these muscles; the intensity of this 
plateau was maintained up to the 12th hour. That means that the 
pickle ingredients were distributed in these muscles in a very quick 
and homogenous way. Contact between the pickle ingredients and the 
examined muscle tissue was realised within the first 12 hours.

In m. quinticeps brachii, these processes took place in 
the similar way, with the exception that the stability plateau of 
the registered impulses was formed after 6 hours, with a tendency 
of increase up to the 12th hour.

In the muscles of the synsarcous connexion, being not direc
tly vascularized from a.axillaris, the impulses were not registered 
during the first two hours. That means that within this period, the 
pickle ingredients did not reach the superficial layers of the
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examined muscles. The stability plateau of radioactive impulses 
was obtained at the 12th, namely 24th hour.

Bringing together the realtion between the vascular system 
and the muscle mass on the one side, and the intensity of radioac
tive impulses registered in different time intervals after the in
jection of the pickle on the other side, it can be observed that 
the penetration of ingredients is just proportional to the extent 
of muscle vascularity.

M.infraspinatus and m.supraspinatus, as presented in the 
results obtained by radiographic examinations, show mostly deve
loped direct vascularity and, consequently, most intensively expres
sed effect of mechanical introduction of the pickle. During the 
initial stage of curing, the developed capillary system in m.quinti- 
ceps brachii probably retains the pickle for a certain shorter pe
riod of time. However, due to the increased turgor, the capillary 
network breaks and a more intensive development of osmotic-diffu
sion processes takes place, accelerating thus the process of the 
penetration of pickle ingredients. In our case, this was registered 
by the corresponding intensity of impulses on the surface of this 
muscle.

On the base of the results of our examinations, and accor
ding to the rate of the penetration of pickle ingredients, the mus
cles of the shoulder can be divided into three groups: 1) m. infra
spinatus and m. supraspinatus, having the highest penetration rate,
2) m. quinticeps brachii, having retarded penetration rate, and
3) m. pectoralis ascendens and m. cleidoscapularis, having the 
lowest penetration rate. More detailed examinations point out that 
among individual parts of the same muscle, there exist definite 
differences in the intensity of radioactive impulses, namely in 
the rate of the penetration of pickle ingredients. From the stand
point of the practice, these differences are not so significant
as it is the case when individual groups of muscles are concerned. 
On the base of our examinations, it comes out that the contact 
between the pickle ingredients and the muscle tissue of the shoul
der is realised within the first 24 hours.
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CONCLUSION

The results of our examinations enable us to point out 
the following:

1. The main muscle mass of the shoulder of swine includes 
m.triceps brachii which, in this kind of animals, consists of five 
clearly differentiated parts and therefore we named it m. quinti- 
ceps brachii. According to its technological properties (colour, 
consistency, macrostructure, massiveness and others), this muscle
is very similar to m. quadriceps femoris of the posterior extremity.

2. Vascularity of shoulder musculature of swine differs to 
some extent from the vascularity of other animals for slaughter, 
mainly in the distal part of the extremity. Namely, from a. mediane, 
on the proximal third of the medial side of ossa antebrachii, there 
separates a considerably developed arterial branch which supplies 
with blood the belonging musculature of this part of the anterior 
extremity and which has not been described in the literature up
to now.

3. There has been established the correlation between the 
volume of the vascular network and the dynamics of the penetration 
of pickle ingredients being intraarterially injected into shoulder 
muscles. However, the muscles vascularized to a lower extent or 
being not supplied with blood directly from a. axillaris and its 
branches (muscles of synsarcous connexion), receive also sufficient 
quantities of pickle ingredients through well developed collaterals 
and through osmotic-diffusion processes.

4. Intravasculary injected pickle penetrates into shoulder 
muscles by mechanical forcing - injection and through biochemical, 
namely biophysical processes.

5. According to the rate of the penetration of intravascu
lary injected pickle ingredients, the muscles of the shoulder can 
be divided into three groups: 1) m. infraspinatus and m. supraspi- 
natus, having the highest penetration rate, 2) m. quinticeps bra
chii, having retarded penetration rate, and 3) m. pectoralis ascen- 
dens and m. cleidoscapularis, having the lowest penetration rate.


