
34 

15219 

Changes in Weight of Muscles of Arthritic and Immobilized Arthritic 
Joints." 

P. THOMSEN, J. V. Luco, AND J. E. FRUGONE. 
Prom the Department of Phctrmacolopp nwd 

We have previously studied the synaptic 
mechanism in muscles of inflamed joints 
(Frugone, Thornsen, and Lucol). I n  view of 
the results reported by Thomsen and L U C O , ~  
we thought it would be interesting to study the 
changes in weight of such muscles, and the 
possibility of modifying the weight through 
immobilization in different positions. 

illetlzods. Cats were used. Immobilization 
was carried out under ether or sodium pento- 
barbital (Nembutal Abbott) anesthesia, using 
bandages impregnated with plaster directly on 
the skin, extending from the metatarsal region 
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FIG. 1. 
Changes of weight of the tibialis anticus in 

arthritis, arthritis with immobilization in hyper- 
flexion, and art,liritis with immobilization in hyper- 
cxtension. The curves represent the plotted aver- 
age values of Tables 1, 111, and V respectively. 

Biochemistry, Catholic University of Chile. 

to just below the knee. The arthritis was pro- 
duced by injecting 0.1 cc of a 5-10% solution 
of silver nitrate into the articular cavity of 
the tibia-tarsal joint. The cast was applied 
immediately after the injection of the silver 
nitrate. K e  immobilized in the extreme posi- 
tions of extension and flexion, that is, in posi- 
tions of forced hyperextension and hyper- 
flexion held by the cast. The soleus and 
tibialis anticus muscles were weighed 2.5 to 
16 days later, immediately after extirpation. 
As some of the animals developed marked 
edema of the immobilized extremity, we ran 
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w r e x t e n s i o n  

ma. 2. 
Clittnges of weight of the soleus in  arthritis, 

xrthritis with immobilization in  hyperflexion, and 
arthritis with immobilization in hyperextension. 
The curves represent the plotted average values of 
Tables 11, IV,  and V I  respectively. 

X. Aided by a grant from the National Founda- 

lFrugone, J. E., Thomsen, P., and Luco, J. I-., 
tioii for  Infantile Paralysis. 

in press. 

1944, 7, 245. 
2 Thomsen, P., and Luco, J. V., J .  Neurophysiol., 
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TABLE I. 
Showing Loss of Weight of Tibialis Muscle in Arthritis. 

TVt in g 
Days of I 3 

Animal KO. a r t ti r it is s 9 % difference 

1 4 4,930 4,620 - 6.5 
2 4 2,600 2,300 -11. 

4 3,200 3,120 - 2.5 
> 750 560 -25.3 

a 5 4,9 7 3 4,625 - 7. 

3 
4 

- - 
Avg 4.4 -10.4 & 3.1 

6 6 3,400 2,800 -17. 
‘7 6 2,620 2,370 - 9. 

- - 
” 6 -13. 4. 

8 7 3,470 3.170 - 8. 
I) 7 3,080 2,435 -19. 

10 7 4,620 3,550 -23. 
- - 

> Y  -16.6 & 4.46 

11 8 4.690 3,980 -14. 
l!? 8 2,700 2,200 -18. 
13 8 2,910 5,350 -19.2 
14 8 3,060 2,570 -16. 

- - 
” 8 -16.8 +_ 0.37 

15 9 4,320 3,600 -15. 
I (i I) 1,380 1,130 -18.1 
17 9 2 ,o 80 1,770 -14.9 

- - 
) )  9 -16. 1. 

18 
19 
20 
2 1  
22 
23 
24 

10  
10 
10 
10 
11 
1 1  
11 
- 

” 10.4 

3,750 2,520 -32. 

880 810 - 8. 

3,700 2,550 -31. 
3,190 2,200 -31. 

2:970 2,570 -13. 

3,600 2,750 -23. 

4,190 3,280 -21. 
- 

-9*7 --.7 * 3.58 

25 13 2,220 1,330 -4n. 
26 13 4,310 4,070 - 5.5 
27 14 3,100 1,780 -43. 
28 14 4,500 2,340 -48. - - 

” 13.5 -34.1 2 9.55 

29 16 4,600 3,800 -17. 
30 17 2,640 1,470 -44. - - 

’) 16.5 -30.5 2 13.52 

N-Normal. 
A-A rthritis. 

several controls with muscles desiccated in the 
oven, at 105°C for 24 hours, to eliminate the 
excess of water. 

Results. A .  Weight of Muscles in Arthritis. 

The results of the 30 experiments in this 
series given in Tables I and 11, show that the 
percentage loss of weight of the tibialis anticus 
and the soleus is similar and varies with the 
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TABLE 11. 
Showing Loss of Weight in Solcus Jiuscle in Arthritis. 

TVt in g 
Days of 1' \ 

Animal KO. arthritis N A % differcncc 

1 
2 
3 

4 
5 

6 
7 

8 
9 

10 
11 
12 
13 
14 

15 
16 
1i 
18 
19 
20 
2 1  
22 
23 
24 

23 
46 
27 
28 

29 
30 

4 
4 
4 
- 

Av-g 4 

> 
5 - 

7 )  5 

G 
6 

'' 6 

7 

-_ 

-. 
I 
c 

8 
8 
8 
8 
- 

" 7.6 

9 
9 
9 

10 
10 
10 
10 
11 
11 
11 

) '  10 

13 
13 
14 
14 

- 

- 
" 73.5 

16 
17 
- 

) '  16.5 

2,9iO 
1,450 
1 ,X.SO 

6 7 0  
2,3i5 

2,100 
2,240 

3,88.5 
1,970 
2,480 

"000 
2,680 

2,s 3 ( )  

1,730 

"300 

1,510 
1,040 

1,610 
2,580 

700 
1,900 
1,950 
2,240 
2.1 7 0  

1,350 
2,720 
1,880 
1,820 

2,930 
2,070 

'1,800 
1.20 0 
1 ,(;2 ( ) 

3 0  
2,120 

1,900 
1,900 

1,8i.S 
1,520 
1,820 
2,200 
1,80(1 
1,580 
1,120 

1,930 
680 
920 

2,050 
510 

1,700 
1,600 
1,530 
1,930 

1,190 

1.050 
3,010 
1,160 
1,320 

2,430 
1,300 

-10. 
-17. 
- 1 '> 

-13. 2 2. 

-1 6.4 
-10. 

-13.2 3. 

- 9.5 
-15. 

-. 
- 

- 

I 

-12.3 2.45 

-- 5.5 
-22. 
-2 6. 
-13. 
-10. 
-43 2 
-35.2 

-21.4 5.55 

-16. 
-34.6 
-39. 
-26. 
-21. 
-27. 
-11. 
-19. 
-32. 
-15. 

-24. + 2.91 

-26.1 
-38. 
-2'7.4 

-33.3 2 4.35 

-17. 
-3'7. 

- 2 i .  2 10. 

- 

- 

-9.7 --. 

- 

- 

N-X'ormal. 
A-A rtliritia. 

number of days of arthritis. This relationship tends to maintain its normal weight. The 
is seen more clearly in Fig. 1 and 2. tibialis anticus undergoes atrophy, but not as 

B. Weight of Muscles of Arthritic Joints much as in the case of pure arthritis, although 
Immobilized in Hyperflexion. In this series the weight of desiccated muscles shows that 
we used 28 animals and the results are shown the loss of weight is similar to that produced 
in Tables I11 and IV, and Figs. 1 and 2. In by the arthritis alone. 
this pasition, the soleus after an initial increase C. Weight of Muscles of Arthritic Joints 
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TABLE 111. 
Tibialis in Arthritia with Hyperflexion. 

Wt in g Wt of desic. muscles 

difference 5 A1 difference 
Anima 1 Days of r % - % 

NO. arthritis A- A 1  

61 
62 
63 
64 
65 

6 
67 
68 
69 
70 
71 

i 2  
T3 
74 

76 
7 7  
78 
79 
8 0 

r- ,a  

81 
82 

83 
84 
85 
86 

87 
88 

2.5 
2.5 
2.5 
2.5 
2.5 

Avg 2.5 
- 

4 
J 

3 
5 
5 
c > - 

” 4.8 

6 
6 
G 
6 
(i 
7 
r 

c 

8 
- 

” 6.5 

9 
9 

” 9 

11 
11 
1 7  
11 

” 11 

1 4  
14 

” 14 

- 

- 

- 

1,950 
3,440 
2,100 
9,470 
1,150 

3,4i0 
3,410 
3,29 0 
4,970 
4,460 
3,300 

4,820 
2,270 
5,470 
4,120 
5.550 
3,370 
2,376 
2,030 
3,530 

6,000 
1,970 

3,350 
3:870 
3,900 
2,950 

3,660 
3,520 

1,890 
3,460 
2,150 
9,480 
1,080 

3,370 
3,320 
3,310 
4,320 
4,000 
3,300 

4,930 
2,080 
4,760 
4,280 
.5,5 i 0 
2,8i0 
2,570 
3,210 
3,530 

5,600 
1,780 

3,600 
2,840 
3,000 
2,640 

3,200 
2,170 

- 3  + 0.5 940 890 - 5.3 + 2.3 560 560 0 + 0.4 685 700 -- 2.1 

- 1.1 2 1.15 

- (i 350 325 - 7.1 
- 

- 2.8 
- 2.6 + 0.(i 860 
-13.1 
-10.1 

0 
- 
- 4.t; f 9.32 

850 - 1.1 

+ 2.7 
- 8.4 
-14.8 1,150 1,120 - 2.6 + 3.8 1,130 1,160 + 2.6 + 0.3 1,430 1,430 - 0.7 

+11.9 

+ 0.5 1,040 940 - 9.6 

-1 5 

+ 8 . i  

- 
- 1.3 3 

- 6.6 
-10 

- 8.3 2 1.58 
- 

+ 6.9 
-26.8 
-23 
-1 0 700 61 0 -12.8 

-13.i + 7.61 

-12.2 990 770 -22.2 
-35.3 950 586 4 9 . 9  

-23.7 t 11.6 

- 

- 

N-Normal. 
A I-A rthri tis with imniobiliza ti on in hyperfl exion. 

Immobilized in Hyperextension. The results 
in the 30 animals studied are shown in Tables 
V and VI, and Fig. 1 and 2. The soleus under- 
goes more atrophy than in the case of pure 
arthritis. The tibialis anticus shows an 
increase in weight that is evident both in the 
fresh and desiccated muscles. The figures for 
desiccated muscles are lower but tend to par- 
allel those for fresh muscles. 

The loss of weight caused in Discussion. 

the soleus and the tibialis anticus by an arthri- 
tis of the tibio-tarsal joint is very similar to 
that described by Lippman and Selig.3 The 
curve obtained by those authors in a series of 
40 animals, by plotting the loss of weight 
against the duration (in days) of arthritis, 
practically coincides with the curve that we 

3 Lippman, R. K., :end Seliz, S., Szirg. Gyn. 
_ _ _ _ _  --____ - - __ 

Obsl . ,  1928, 47, 512. 



38 MUSCLE ~YEIGHTS -ARTHRITIC ASD IMMOBILIZED -ARTHRITIC JOINTS 

+%.2 
+ I 1 2  4.50 480 + 6.2 + 5.4 3 10 330 + 6.4 + 15 3 00 345 + 1.5 
+31.8 220 280 +!!i.I! 
- 4.1 + 3.6 
- 2.8 540 5 (i 0 + 3.7 
+ 3 . x  + 4.(i + 3.2 

+10.7 f 3.i-i 
- 

-28.5 + 2.8 + 32 
--I 0 .  I (i 7 0  
- 5.4 
+18.3 

+ 1.4.5 r+ 8.78 
- 

ti00 + 1.5.3 
7 7 0  0 
A40 + l . G  

610 - 8.9 

-- 1 4.3) 4 3  iI + 1.9 (i30 li .5 0 + 3.1 

+ 0.4 ? 1.58 
- 

S-Sorma 1. 
.\ 1-Arthritis with immobiliz:ttion i i i  li~pcrflcsioii. 

obtained for the tibialis in a series of 30 
animals. 

The muscular atrophy produced by arthritis 
is different from that obtained by immobiliza- 
tion and as observed by Thomsen and Luco; 
in the former case both muscles undergo 
atrophy, while in the latter case only the 
muscle that is in a state of maximum shorten- 
ing undergoes atrophy. 

If we combine these two conditions that 
cause changes of weight, i.e., arthritis and 
immobilization in an extreme position, we 

observe that in some cases we obtain a sum- 
mation while in others we do not. In Table 
VII, we show the average percentage of 
change in weight in the group of animals 
studied after 10-11 days of treatment, to- 
gether with the results obtained by Thomsen 
and Luco2 for the same period. 

Table VII shows that the loss of weight of 
the soleus in arthritis is slightly over one-half 
the loss of weight in immobilization in hyper- 
extension, and that the loss of weight in 
arthritis with hyperextension is practically 
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TABLE V. 
Tibialis in arthrit is  with Hypert*x-tension. 

Wt in g Wt of desic. muscles 

diff ercnc‘c S A1 difference 
.4 II i inn 1 DitysOf c-7 % I % 

NO. arthritis N -4 1 
~ - - - ~  ~ 

3 1 
32 
3 3 
34 
35 

36 
37 
38 
39 
40 
41 
42 
43 
44 

45 
4 (i 
4 i  
48 
49 
50 
51 
52 
53 
54 -- 
83 

5G 
57 
58 
59 
68 

2.5 
3.5 
2.5 
2.5 
2.5 

hvg 2.5 
- 

5 
5 
5 
5 
5 
5 
7 
7 
P 

- 
” 5.7 

9 
9 
9 
9 
9 

10 
12 
13  
13 
13 
14 - 

” 10.8 

1 6  
16 
16 
1 G  
16 

” 16 
- 

3,600 
2,630 
3,280 
3,300 
1,710 

5, i50 
3,020 
2,900 
3,170 
4,480 
3,560 
4,500 
3,280 
3,180 

5,200 
4,280 

3,420 
2,250 
3,940 
3,780 
8,360 
4,200 
1,330 

3,25 0 

1,510 

3,900 
2,830 
2,720 
3,640 
4,610 

4:220 
3,600 
3,440 
3,920 
2,040 

G,5U0 
3,990 
3,960 
4,640 
7,270 
5,(J (J 0 
6,220 
4,320 
4,380 

6,230 
3,560 
3,820 
4,610 
3,130 
5,300 
5,460 

4,040 

2,7(iO 

4,430 

2,616 

.;,ti 0 0 
3,920 
3,170 
5,980 
6,430 

+17.2 1,080 
+3G.X i80  + 4.8 920 
+18.8 820 
+13.4 

+IS.:! f: 5.2 
- 

+ I 3  
+3!2.1 + 40 
+4(i.3 i i 0  
+se2  1,130 
+40.4 870 
+28 
+s4  
+3i.7 830 

+35.9 2 4.68 

+I  7 
+22.8 1,110 + 17.5 830 
+%A 840 
+%.I 
+!!ti 
+liS 1,020 
+ S i . S  290 

+SCi.:! 380 
+81’.8 440 

+38.9 * 10 

+43.B 1,050 
+38.5 790 
+15.2 
+643 1,000 
+25.3 1,280 

- 

- 3.8 

- 

- 

1,170 

1,920 

870 
980 

1.100 
i , ~ o  
1,050 

1,050 

1,220 

q120 

1,220 

9(iO 

970 

640 
700 

1,390 
1,060 

1,190 
1,620 

+ 8.3 
+11.5 + 6.5 
+a4.3 

+42.8 + 24. i 
+17.1 

+26.5 

+ 9.9 

+33.3 
f13.5 

+19.G + 64.4 

+68.4 + 59 

+ 32.3 
+34.1 

+ 19 
+26.7 

39 

+37.2 f: 8.6 
- - _  _ _  

N-Normal. 
A I-Arthritis with immobilization in  lip~~i~rrxtensic~n. 

the same as that with hyperextension alone. 
Hyperflexion results in a slight increase in 

weight of the soleus, and arthritis plus hyper- 
flexion results in no change of weight, the 
hyperflexion preventing the loss of weight that 
usually accompanies arthritis. 

In  the case of the tibialis anticus, in which 
arthritis causes a loss of and hyperextension an 
increase of weight, the simultaneous action 
of these two factors results in an increase of 
weight greater than by immobilization alone. 
No doubt edema plays a role in these results. 
Also, the standard error of the increase in 
weight is t 10, indicating that the mean value 

may be subject to great variation. 
Hyperflexion causes a loss of weight of the 

tibialis, but when combined with arthritis i t  
fails to alter the loss of weight due to the latter. 

Summarizing: the loss of weight produced 
by immobilization and shortening of a muscle 
is not modified by arthritis in a period of 
10 or 11 days. On the other hand, the atrophy 
due to arthritis does not develop, or is changed 
into hypertrophy when the joint is immo- 
bilized in a position which by itself causes 
an increase in weight. 

As we said before, the increase in weight of 
the tibialis by immobilization and arthritis 
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- 11.1 ,540 
+ (I..? 4.30 

~ 11.1 (is0 
-14.2 

- 5.4 4.32 

+ 8.6 360 

- 

-2s 
- 3.5.5 150 
---4i .ti 470 
-31.2 4 i 0  
-21 2 
-,>- - I  

- 
-3l.ti & 3. l ( i  

- -33.1 4 (; 0 
- 4 8 . 2  440 
---4X.4 
- .58..i - 4 3 .>-- 

-48.3 :{I n 
- 

-4i.3 & 4.15 

- 5.3 

+ S.5 
-11.1 

0 

-23.8 
-1 1.3 + 2.3 

--28.S 

-2[i.G 
-38.3 
-31 

--:I 9.1 
-50 

--GO 
-45.1 

-50.7 
-55.8 

-4i.2 
-41.8 

is less marked in desiccated muscles. This tained a curve that almost coincides with the 
applies to both positions. On the other hand, one we obtained without discarding such 
the results obtained with desiccated soleus animals. 
muscle are similar to those obtained with The results obtained in this work do not 
the fresh muscle. agree with those of Huddleston,' who found 

With reference to periarthritis, Lippman that immobilization of the tibialis in a position 
and Selig discarded all animals that devel- 
oped this comp]ication and, nevertheless, ob- 4 lIuddlcston, 0. L., S O # t h ,  -71. J.,  1944, 37, 72. 
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TABLE VII.  

Yo diff. in aolcuv Yo diff. in tihinlis 

Art h r i t j s 
Art liri t is :ind hyper rs t ens ion 
Ilyl~erextcnsion 
Arthritis and Iiyprflrsion 
Hypertl cxion 

-24.0 
-38.8 
-38.0 + 2.9 
+ l l . O  

of maximum extension (hyperextension) 
caused a greater loss of weight than immo- 
bilization in maximum shortening, and that 
the change in the soleus was the same in either 
position. The experimental conditions were 
different in the two cases, and we believe that 
the different results are due to the fact that 
we studied the first 16 days of immobilization 
while Huddleston’s experiments extended from 
95 to 290 days. It may be that our results 
would change with time and come to resemble 
those of Huddleston. Besides, the results 
listed in our tables show that there are wide 
variations from animal to animal and, there- 
fore, the averages must be taken from a large 
number of animals. 

Our results cannot be compared either with 
those of Hines” who studied in rats the effect 
of immobilization on the recovery from 

5 Hiiics, I I .  M., -7. A .  M. A. ,  1942, 120, 51.5. 

paralysis caused by crushing the nerve. 
our experiments the nerve was kept intact. 

I n  

Summary. 1. Arthritis of the tibio-tarsal 
joint produced in cats by injecting silver 
nitrate, causes an atrophy of the soleus and 
tibialis anticus muscles. Tables I and 11, 
Fig. 1 and 2 .  

2 .  Tmmobilization of the inflamed tibio- 
tarsal joint in hyperflexion results in a 1 0 s  
of weight of the tibialis that is similar or 
slightly less marked than that caused by 
arthritis alone. Table 111, Fig. 1. I n  these 
conditions the soleus keeps its normal weight. 
Table IV, Fig. 2.  

3. Immobilization of the inflamed joint in 
hyperextension results in an increase of weight 
of the tibialis. Table V, Fig. 1. The soleus, 
on the other hand, shows a greater loss of 
weight than by arthritis alone. Table VI, 
Fig. 2.  
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Respiratory Mask and Valves for Dogs. 

ALFRED H. CHAMBERS, GEORGE BREWER, HORACE W. DAVENPORT,* AND SAMUEL 
GOLDSCHMIDT. 

3% nE tli e I k p n r i  ni etLt of Pl ty s idogy ,  Scliool of AI et7ici11~, 7 - t i  iversi t IJ of Pe)i ,i.sy/ i ~ i n  i(c, 
Plt ilndelpliicc, Prr. 

The units to be described were developed in 
this laboratory for the purpose of collecting 
expired air of unanesthetized, trained dogs. 
The avoidance of leaks, minimization of re- 
sistance to breathing and of dead space were 
prime factors considered in designing the 
apparatus. No new fundamental principles 
are involved; rather, the apparatus embodies 

Prrsrnt address, University of TTtali School of  
Mcdicinc., Salt Ilake City, Vtah. 

good features of older designs, eliminates some 
of the bad and utilizes new devices, to our 
Icnowledge never previously described. 

Mask.  The mask consists of a copper wire 
frame, on the order of carefully shaped com- 
mercial wire muzzle, made to fit loosely the 
snout of a 15 kg mongrel hound. The nasal 
end is projected about 1” beyond the nose 
and fitted with a No. 9 stopper with a single 
.)A’’ bore. The open end is bent to fit the 
snout near the lip corners with about g’’ 


