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Prevention of Formation of End-Bulb Neuroinata.” 

Painful amputation stumps become major 
problems during periods of extensive traumatic 
injuries such as result from modern warfare. 
Just why some amputation stumps become 
painful is not known. I t  has long been con- 
sidered that end-bulb neuromas which form 
at the end of severed peripheral nerves may 
be the cause of this phenomenon, because these 
tumefactions may be painfully tender. -All of 
these neuromas are not tender. and the excision 
of a tender neuronia does not always remedy 
a painful stump. The question has been raised 
as to whether the pain in an amputation stump 
is due entirely to the presence of a tender 
neuroma. If some procedure were devised by 
which neuroma formation could be prevented, 
the cause of painful amputation stumps could 
be more accurately determined. The com- 
plete elimination of neuroma formation in an  
amputation stump will be difficult because 
many small cutaneous nerves are divided and 
form neuromas, which may be potential 
sources of pain as proposed by JIolotkoff .l 

X recent review by Young? of the mechanism 
of regeneration of peripheral nerves, exten- 
sively studied by Cajal’: and many others, 
indicates that the anatomico-biological char- 
acteristic of the peripheral nerve is one of 
unlimited capacity for growth of the regen- 
erating axon so long as the central cell body 
of the neuron remains intact. This forward 
pressure of growth is maintained until the 
nerve fibers make functional connection with 
some type of end-organ, or under abnormal 
conditions, the fibers develop end-bulbs and 

* Aided by :I gi*:iiit froin SIi:ir1, : r i i ( l  1)oliinc. l i i c . .  

1 Molotkoff, A.  G., J .  Ilo)tr’ / I / l r l  Jo in t  Surg., 
Pliiladelphi:~. 

1935, 17, 419. 
2 Young, J .  Z., Physiol. X w . ,  1942, !22, 318. 
:J, Gi,jal, 8. R.,  Degeneration and Regeneration of 

the Xcrcous System, Oxford Univ. Press, 1928, 
1, 331 (Translated by R. M. May). 

I’erroncito spirals,’: making many types of 
peculiarly disorderly connections with the 
surrounding tissues typical of neuroma forma- 
tion.4 Recent evidence has shown the growth 
of the regenerating fibers under all conditions 
is guided by the “contact actions” of the sur- 
faces along which they advance, thus return- 
ing in its essential implications to the “hle- 
chanical Theory’‘ of nervous regeneration 
originally propounded by Ranvier and Van- 
lair:’ The growth, therefore, of nerve fibers 
t o  form a neuroma is a natural phenomenon. 
’I’his growth is abnormal, because no sheath 
is present to prevent their irregular growth 
into scar tissue. The  pain resulting from the 
manipulation of a neuroma may be due to the 
stimulation of these abnormal nerve endings 
by pressure or traction on the nerve fibers 
adherent to scar tissue. BoldreyG and Seddon’ 
buried the nerve-end into bone and eliminated 
pain from the neuroma. Although a neuroma 
formed in the bone, i t  could not be stimulated 
inechanically. 

J lany  methods have been devised in a n  
attempt to prevent neuroma formation. These 
procedures can be listed under two groups: 
( 1 ) those in which an attempt is made to kill 
or inhibit the growth of the nerve fibers by 
chemical and physical means, and ( 2 )  those 
which attempt to obstruct the pathway of the 
regenerating fibers mechanically. Recent re- 
views by Guttmann and Medawar8 and 
Holdrey” discuss quite fully the different indi- 
vidual procedures. Huber and Lewis4 orig- 
inally suggested the injection of the stump 

I I I u I J c ~ Y ,  G. C!., :ind Lewis, D., Arch. Szirg., 1920, 

T, 1C:invicr and Vanlair (cited by Cajal 3). 
6 Boldrey, E., Ann. Surg., 1943, 118, 1052. 
5 Seddon, H. J., 1941 personal communication, 

8 (iuttmann, L., and Medawar, P. B., J .  Keurol. 

1 ,  S.i. 

cited by Guttmann and Medawar 8.  

c c / i t l  Psycfi., 1949, 5, 130. 
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with 95% ethyl alcohol. CornerD advocated 
the excision of a wedge from the end of the 
nerve followed by suturing the two flaps, 
while Chapple'O placed an epineural sleeve 
over the end of the nerve. Stookey" advo- 
cated a combination of the two procedures. 
More recently Kirk'? and Batel" advocated 
electrodesiccation of the nerve stump. Fol- 
lowing the simple ligation of the severed nerve 
with non-absorbable suture material suffi- 
ciently tightly to prevent regeneration of 
axones without rupturing the neurilemma 
sheath, HerrmannI4 reduced the occurrence of 
the phantom limb phenomenon to 5.8% in 
120 patients subjected to amputation. Gutt- 
mann and Medawar8 were unable to prevent 
consistently the regeneration of the axones of 
the sciatic nerve of the rabbit when using this 
procedure. In consideration of the mechanism 
of the regeneration of peripheral nerves, it 
becomes evident th2.t no method which merely 
destroys an additional segment of nerve will 
result in prevention of neuroma formation. 
The neuroma will merely form at a higher 
level. Poth and Bravo Fernandez15 in a pre- 
liminary report, discussed the implantation of 
the nerve stump into rigid tubes, closed at  
one end. This procedure quite effectively 
overcame the pres:;ure growth of the nerve 
fibers and complettly inhibited the formation 
of end-bulb neuromata. A detailed re- 
port of these observations will be the 
subject of this paper, because it is felt 
that if a proved siccessful method could be 
devised for the prevention of neuroma forma- 
tion, a considerable clarification of the prob- 
lem of the painful stump and phantom limb 
might be effected by the elimination of the 

9 Corner, E. N., Proc. Roy. SOP. Met7., 1918, 

10 Cliapplc, W. A., Brit. Ned. J., 1918, 1, 399. 

11 Stookey, B., Surgical and Mechanical Treat- 
merit of Peripheral Nerves, W. B.  Snunders &., 
Chap. 21, p. 461, 1922. 

12 Kirk, N. T., Amputat.Gons, Prac. of Surg., 
Dean Lewis, 111, Ch:ipter 10, 1943. 

13B:ite, J. T., A n .  J .  Surg., 1944, 6-1, 3 i 3 .  
1-1 IIerrmann, L. C., and Gibbs, E. W., Ant. J .  

13 Potli, E. J., and Fernandez, Bravo E.. PROC. 

11, 7. 

Surg., 1945, 67, 168. 

S O C .  E X P .  BIoI,. AND MED., 1944, 56, 7. 

neuroma as a causative factor. 
Experimental. Methods and Results. The 

following fundamental procedure was carried 
out on mongrel dogs. The operations were 
performed under ether anesthesia and strict 
asepsis. The skin overlying the in termuscular 
groove on the lateral aspect of the thigh was 
incised. The sciatic nerve was exposed, dis- 
sected from its areolar tissue bed, and divided. 
The proximal stump was treated as indicated 
under the different subdivisions of this experi- 
ment. Thereafter, the skin was closed, using 
a continuous subcuticular suture of fine cotton. 
Whenever a wound infection occurred, the 
animal was dropped from the series. After 
varying periods, these animals were sacrificed 
and specimens of the nerve were taken for 
microscopic study. The specimens were fixed 
in Bodian'sIF No. 2 fixative and the sections 
were subsequently stained with Bodian's 
Activated Pro tar go1 Stain .Ii 

Group I .  Control Experiments. This group 
was comprised of 9 animals. The fundamental 
operation outlined above was performed, and 
a segment of the nerve 2 cm in length was 
excised. The proximal nerve stump was re- 
placed in its bed without further treatment. 
These animals were sacrificed after a period 
varying from 30 to 90 days. In all instances 
typical neuroma formation had occurred 
(Table I and Fig. 1). 

Group ZZ. After performing the basic pro- 
cedure, the proximal nerve stump was injected 
with absolute alcohol. This group was com- 
prised of 2 animals; and in both instances, 
large end-bulb neuromata had formed at  the 
end of 30days. 

Group ZZI. Five animals comprised this 
group. After performing the basic operation, 
the proximal nerve stump was placed in a 
cellophane tube, the distal end of which was 
closed by a silk ligature. The results in this 
group are not entirely consistent. In  all 
instances, there was considerable connective 
tissue reaction, and it was not always possible 
to identify the cellophane at the end of the 
experiment. In one instance the nerve, while 
still within the cellophane tube, showed an 
atypical diffuse enlargement. Some of the 

IGBodian, D., Anat.  Rec., 1937, 69, 153. 
17 Bodian, D., Annt. Rec., 1936, 65, 89. 
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FIG. 1. 
Tlic usual iieuroni:i formation 30 days af te r  cwtting the sciatic 

iierve of tlic dog. Stained wit11 Bodian’s Silver Stain. X G O .  

fibers had grown beyond the tube and had 
reanastomosed with the distal segment. These 
cellophane tubes were thin-walled, non-rigid 
tubes. 

Group ZV. Following the basic procedure 
on the 5 animals comprising this group, the 
proximal nerve stump was placed within a 
silver tube, the end of which was closed and 
folded over on itself. The results in this 
group were relatively unsatisfactory because 
the nerves failed to be retained in the tube in 
all except one instance. Considerable scar 
tissue reaction occurred around the silver tube. 
In  each instance, where the nerve had pulled 
out of the tube, a large neuroma had devel- 
oped. 

Group I/. Two animals comprised this 
group. In addition to the basic procedure, the 
proximal stumps were placed in arterial 
sleeves. A segment of carotid artery was taken 
from the same individual animal and washed 
with heparin. The distal end of the artery 
was closed by a fine silk tie. Neither of these 
preparations showed the formation of a neu- 
roma. The remains of the arterial sleeve 
were visible in the gross specimens. 

Group V I .  This group was comprised of 

15 animals. Following the basic procedure, 
the proximal nerve stump was placed in a 
snugly fitting, glass tube about 2% cm in 
length. In 2 instances the nerves had pulled 
out of the glass tubes and showed neuroma 
formation. In another instance, a large tube 
was employed, and here again, a neuroma had 
formed, filling and adapting itself to the con- 
fines of the tube. In one instance, where the 
glass tube had a small, pinpoint opening in the 
distal end, a fine strand of nerve fibers had 
grown through this opening and had reanas- 
tomosed with the distal segment. In the 
remaining 11 instances, where the nerves had 
remained within the snugly fitting glass tube, 
there was no evidence of neuroma formation. 
Five of the animals in this group were ob- 
served for as long as 230 days. 

Group VZZ and VIIZ. In the foregoing 
experiments there is evidence that the forma- 
tion of end-bulb neuromata can be inhibited 
by overcoming the growth pressure of nerve 
axones by fitting the end of a severed 
peripheral nerve into a rigid tube. The tech- 
nical accomplishment of this maneuver is 
difficult and tedious and requires burying 
foreign substances in relatively large quanti- 
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ties in the tissues. S o t  only would the pro- 
cedure be impractical, but the end of the 
nerve frequently escapes from the encasing 
tube. Therefore, a search was made for some 
more practical method. The injection technic 
was reconsidered. The injection of alcohol 
does not prevent neuroma formation. The 
material injected must not cause massive, 
necrotic destruction of the substance of the 
nerve, because such a procedure would simu- 
late the simple resection of the nerve at  a 
higher level. The ideal substance for injection 
should possess some chemical inhibition for 
the nerve fiber and simultaneously fix or 
stimulate growth in the fibrous sheaths of the 
fibers thereby forming enclosing, rigid tubes 
whose lateral pressure would exert sufficient 
resistance to overcome the growth pressure of 
regenerating nerve fibers. 

I t  was found that when tannic acid or gen- 
tian violet was injected into intact peripheral 
nerves, the nerve distal to the site of injection 
underwent complete degeneration. At the site 
of injection considerable proliferation of 
fibrous tissue occurred in what corresponded 
to the neurilemma. Progressing distally into 
this area the nerve fibers became more and 
more isolated and fewer in number until 
finally they disappeared completely, resulting 
in total interruption of the nerve pathways. 

The sciatic nerve was isolated and a seg- 
ment about 2 cm in length was injected either 
with %% aqueous tannic acid or 2% aqueous 
gentian violet solution aseptically. These ani- 
mals were sacrificed at  8- and 171-day inter- 
vals and specimens of the sciatic nerve prox- 
imal to, at, and distal to the site of injection 
were fixed in Bodian’s No. 2 fixative and 
stained with Bodian’s activated Protargol 
silver stain? 

The results of this study are shown in Fig. 3, 
4, and 5 .  

Group I X .  Seven animals comprised this 
group. Following the basic procedure, the 
proximal nerve stump was injected with not 
more than % cc of 10% aqueous tannic acid, 
containing a small amount of methylene blue, 
which served to stain the injected tissue and 
indicated the extent to which the nerve was 
infiltrated. These injections were made at  
multiple points in an attempt to inject the 
connective tissue around all fiber bundles. The 
purpose of this injection was not to destroy 
the nerve fibers, but rather to fix their sur- 
rounding fibrous sheaths to form what would 
essentially be enveloping, rigid tubes. In  no 
instance could the development of a neuroma 
be demonstrated. In  the case of one animal, 
however, one intact nerve bundle, which prob- 
ably escaped injection, became reanastomosed 
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in the previous group, a lateral strand of 
fibers, which had apparently escaped injection, 
had reanastomosed with the peripheral nerve 
segment. 

-4 review of the results obtained in these 
studies indicates that when the end of a 
severed nerve is supported by a rigid tube, 
neuroma formation does not occur. Study of 
microscopic preparations of these nerves 
injected with gentian violet or tannic acid 
demonstrates that these substances do not kill 
all of the nerve fibers. Rather they induce 
both a chemical inhibition to growth and 
support the nerve end in a rigid, fixed, con- 
nective tissue sheath, which serves the same 
function as any other snugly fitting fixed 
support. 

The Use o j  Gentian Violet for Injection of 
Peripheral ,l’erve Stump Following Amputa- 
tion. After demonstrating the efficacy of 
gentian violet in the inhibition of neurorna 
formation, all of the severed nerves which 
could be identified were injected in 15 patients 
during amputation of the lower extremity. 
After freeing 2- or 3-inch lengths of the 
larger nerves, a tight rubber band or a small 

FIG. 3. 
Sliowiiig the normal fibers of tlie sciatic nerve of 

the dog prosirnnl t o  the site of injection of the 
nerve tritli 2% gentian violet 8 days prcviousl?. 
Staiiicd with Bodiaii’s Si1vc.r St:iin. ( A ,  bottom, 
x 8.:. H, toI), X 1.0.) 

with the distal segment. 
Seven animals are included in 

this group. Following the basic procedure, 

not more than % CC of aqueous 2% gentian 

Group X .  

the proximal nerve stump was injected with FIG. 4. 
Smle  esiieriinent :IS shown in  Fig. 3 and 5. Sec- 

violet, in the Same manner as described in tion att site of injection of 2% gentian violet into 
the intact sciatic nerve of the dog 8 days previ- 

Group IX’ In no instance was neuroma ously. Observe tlic early degeneration of the 
formation demonstrable. However, again, as nerve fibers. Bodian’s Silver Stain. x 120. 
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F I G .  5 .  
Same exuperilticnt :is sliowi in Fig. 3 and 4. This 

section is t:ikcin distal to the sitv of iii,jec.tion of 
the intact sciatic nerve of tlic dog with 2c2 gelitian 
violet 8 days previously. Note the coiled nerve 
fragments indica!ting the degcner:ition of  the 
axones. Rodian's Silver Stain. X 120. ArtifactP 
present are due to air bubbles in  the balsam. 

clamp was applied to partially compress the 
nerve to isolate the freed segment: and gauze 
was placed around the region during injection 
to protect the surrounding tissues from the 
dye, which was inadvertently spilled. The 
end of the nerve was ligated with fine silk so 
as not to cut through the sheath but still 
sufficiently firmly to interrupt the axones. 
Multiple injections were made into the iso- 
lated segment of the nerve to fully distend 
the sheath. The compressing clamp or rubber 
band was removed. In the larger nerves from 
3 to 5 cc of 2% gentian violet was used. I t  
is desirable always to use a fine caliber needle 
for the injection. While the number of cases 
is too small and the lapse of time too short to 
draw any conclusions as regards the forma- 
tion of painful stump or tender neuroma, it 
can be reported that no patient suffered un- 
toward pain because of the procedure, nor 
has healing been compromised in any way. 

Discussion. The proximal end of a severed 
fiber of a peripheral nerve has the capacity 
for unlimited growth and will continue to 
grow until it reunites with an end organ or 

OF END-BULB NEUROMATA 

until its growth pressure is overcome by 
some other mechanism. The studies by 
Forssman18 and Cajal" would indicate that a 
simple mechanical obstacle placed in their 
path is not sufficient to inhibit growth. 
Spurling19,20 effected an orderly, parallel 
growth of nerve fibers by the use of tantalum 
foil to surround the site of anastomosis of a 
peripheral nerve. Weiss21~c)2*s:i studied the 
mechanism of nerve regeneration within 
arterial sleeves. Nerve fibers will grow into a 
rigid blind tube and completely fill the avail- 
able space whereupon the fibers cease to grow 
without undergoing atrophy or degeneration. 
Likewise, the usual end-bulb neuroma finally 
ceases to grow when the lateral pressure of 
the surrounding scar tissue balances the growth 
pressure of the proliferating nerve fibers. I t  
has been demonstrated again that the injection 
of ethyl alcohol into the stump of a severed 
peripheral nerve does not inhibit the forma- 
tion of end-bulb neuromata. 

The procedure of injecting gentian violet 
into the isolated segment of a severed nerve 
which has been ligated distally prevents the 
formation of end-bulb neuromata by both 
chemical inhibition and mechanical blocking 
of the pathway of the axones. I t  having been 
demonstrated that simple ligation of the 
central segment is not sufficient to prevent 
the proliferation of the axones, the additional 
precaution of injecting the stump with gen- 
tian violet is added to give the superimposed 
effect of chemical inhibitions of nerve regen- 
eration. 

Summary. Opposi-ng the growth of nerve 
fibers by encasing the proximal stump of a 
severed peripheral nerve in a rigid tube will 
prevent the formation of an end-bulb neuroma. 
The injection of the nerve with tannic acid or 
gentian violet likewise inhibits neuroma 

1h b'orssnim, J .  (Cited by C:ijal "). 
I!) Spurling, R. G., Surg. Clin. Sor t l i  America, 

20 SI)urling, R. G., *Yeurosurg., 1944, 1, 133. 
21 Weiss, l'., Growth (Supp.), 1941, 5, 163. 
22 Wciss, P., ;ind Taylor, A. C., Arch. S11r.9., 

z:{ Wciss, P., and T:iylor, A. C., PROC. SOC.  EXP. 

1943, 28, 1491. 

1943, 47, 419. 

~$101,. A N D  ?([ED., 1944, 55, 77. 
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formation. The mechanisms probably are not fibers by a connective tissue envelope. 
identical. In addition to exerting lateral This method of preventing the formation of 
pressure and limiting the blood supply, tannic end-bulb neuromata may aid in solving the 
acid and gentian violet exert chemical inhibi- problem of painful amputation stumps and 
tion to the growth of the nerve for a varying the phenomenon of the phantom limb. No 
period following the injection which further contraindications to injecting the nerve ends 
favors the encasement of the resting nerve in amputation stumps have been observed. 
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Vaginal Response to Adrenal Stimulation.* 

JOSEPH SCHILLER.~ (Introduced by F. H. Pratt.) 
From the Department of Physiology, Boston University School of Medicine. 

The participation of the adrenal cortex in 
the estrous cycle, established by Wyman,l has 
been confirmed since under various experi- 
mental and natural conditions. However, the 
results of those experiments do not necessarily 
imply that the adrenal cortex influences the 
estrous cycle through the release of sex hor- 
mones rather than through hormones acting 
on the general metabolism. The isolation of 
both estrone ( BealP) and of progesterone 
(Beall and Reichsteins) from the adrenal 
cortex points to the former possibility as a 
primary factor. In spite of the chemical find- 
ings the physiological evidence is scant, and 
limited to the experiments of Moon: Corey 
and Britton,” Kelson,6 and Bourne and Zuck- 
erman.i The availability of adrenocortico- 
trophic hormone furnishes an additional tech- 
nic for this type of investigation. 

* Aided with a grant by the American Academy 
of Arts and Sciences from the Permanent Science 
Fund. 

t Present address : Carnegie Institution, Depart- 
ment of Embryology, Baltimore, Md. 

1 Wyman, I,. C., Am. J .  Physiol., 1928, 86, 414. 
2 Beall, D., J .  Enc7ocrinol., 1940, 2, 81. 

Be:tll, D., and Reichstcin, T., Nature, 1938, 

-I Noon, H. D., PROC. SOC. Em. BIOL. AND MED., 

qT Corey, E. L., and Britton, S. W., Am. J. 

6 ScIson, W. O., A m t .  Rec., Suppl., 1941, 81, 97. 
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1937, 37, 36. 
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Material and Methods. Young female rats 
of the Long-Evans strain were injected daily 
for 5 days (unless otherwise specified) with 
adrenocorticotrophic hormone (ACTH) .$ 
Hepatectomy was performed by making an 
incision parallel to the ribs and extirpating 
the median and lateral left lobes. Mortality 
was 5%. Grafting of the adrenals was done 
by suturing both glands to the spleen and the 
“takes” were practically 100%. All sections 
were stained with hematoxylin-eosin and 
vaginal smears were taken by the lavage 
method. 

The administration of ACTH to 
normal females gave inconclusive results. The 
estrous phase seemed in some instances to be 
prolonged beyond normal ; but since prolonged 
estrus may occur spontaneously, and since the 
diestrous phase was unaffected by ACTH, it 
was concluded that ACTH was ineffective in 
normal female rats. (Table I.) 

On the assumption that the liver might 
inactivate part or all of the estrogenic sub- 
stances released by the adrenal cortex 

Results. 

The ACT11 was obtained through the courtesy 
of Dr. E. B. Astwood, and mas prepared according 
to tlie technic. describcd by R. Tyslomitz (Science, 
1943, 08, 225). In all probability the product con- 
tained some 1:rctogenic hormone. However, ACTH 
prepared by us from hog pituitaries according 
to the teclinic of G. Sayers, A. White, and C. N. H. 
1,ong ( J .  Riol. (‘hem., 1943, 140, 435), which be- 
Iiares like :i pure protein, gave identical results in 
our linnds. 




