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SURGERY OF EXPERIMENTAL LESION OF
SPINAL CORD EQUIVALENT TO CRUSH
INJURY OF FRACTURE DISLOCA-
TION OF SPINAL COLUMN

A PRELIMINARY REPORT *

ALFRED REGINALD ALLLN, M.D.
PHILADELPHIA

PREFATORY REMARKS

In two former papers I have dwelt at length on the

mechanical considerations of injury to the spinal cord
in eases of fracture dislocation ol
the spinal columm,® *

In this communication, there-

fore, 1 shall limil mysell to the

“discussion  of the experimental
work in which 1 have been en-
gaged for the past year in the
laboratories of the University of
Pennsylvania,

I would accentuate the [act
that this is a preliminary report
and that T am fully aware of the
amount of control experimenta-
tion necessary before an ex ealhe-
dre statement can be made as to
applicability of this work in the
human subject.

MEASUREMENT  OF JIMPACT ON
SPINAL CORD 1IN SPINAL

FRACTURLE DISLOCATION

Tn order to arrive at an ade-
quate concept as to the amount
of impact a spinal cord could
receive and vet recover its Inne-
tion, I designed an instrument
whereby a given weight could be
dropped  from a known heizht
thereby producing a given im-
pact (sce the accompanying illus-
tration).

A dog having been thoroughly
ancsthetized, a  laminectomy is
performed, the instrument placed
in position and the weight
dropped on the spinal cord. The
resulting impact in gram-centi-
meters is  the product of the
height in centimeters and  the
weight in grams,  The clement
of friction in the instrment’ is
so inconziderable that it mav be
regarded a negligible quantity.

Instrument for produclag  HYTO-IMPACT AND TIYPERIMPACT

a measured impnet on
the spinal cord,

In my work T have used dogs

: varving in weight from 7.5 kilos

to 18 kilos. The laminectomy has been performed in
the lower third of the thoracic vegion.

T have found that a weight of 30 gm. may be dropped

on the spinal cord from a height not exceeding 11.5 .

¢ I'rom the Department of Experimentnl Surgery and the De-
partment of Neurology in the University of Pennsylvanin,  Read ot
the thirty-seventh annual meeting of the Amerienn Neurologleal
Association, Baltimore, May 11-13, 1011,

1. Allen, A. R.: Injurles of the Spinal
A M. A, March 21, 1008, p. 940,

2, Am. Jour. Med. S¢., May, 1908,
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with every expectation of an uninterrupted recovery ]‘:1“
the part of the animal. The resultant of 339 g“]l e
centimeters is one wholly in' accord with complé
autorestoration.

So soon as we exceed an impact of 340 gram
meters (to speak in round numbers) we obtain sym
pictures of more serious import. R

Whereas an impact of 340 gram-centimeters will Pr;
duce a complete paraplegia of spastic type, which, -
cowrse of a week or ten days, will have largely dls”}e)
peared, so soon as we begin to use impacts of gred o
magnitude, we find the symptoms more severe and 11’0;;‘
lasting. Most animals injured by a 420 gram-cch'’
meter impact will present a serious symptom pictures
complete spastic paraplegia with scissor-like crossing Or
the hind limbs, emaciation, paralysis of the blad
and rectum and trophic lesions, ~An impact of **
gram-centimeters will produce a symntom picture }oe
complete transverse lesion of the spinal cord and t,‘
animal will die in the asthenic and toxic state so fami™
iar to all who have had experience with fracture dislo-
cation of the gpinal column in the human subject.

I therefore term all impact below 340 gram-cent
meters “hypo-impact,” and all impact above this ot
“liyperimpact.”

_centi
ptom

TILE JIYPOTHESIS OF SYMPTOM-COMPLEX OF TR:\NS\'lil!bl"‘
LESION OF THE SPINAL CORD IN TFRACTURE
DISLOCATION OF THE SPINAL COLUMN

v . . . ind
Without restating in extenso the views (foncell“'llvc

pressure on the cord from fragments of bone or t'll
mtramedullary pressure of hemorrhage or edema, with
which views 1 have dealt in previous articles, I wou’
sav that [ consider it a very uncommon oceurrence to
find a passive impingement of hone on the spinal ot
when the operation of lamincetomy is performed 107
fracture dislocation,

We must assume one of two theories, or probably b?th-‘
in the ctiology of cessation of function in the spind
cord in those cases in which the cord has not been litel”
ally cut through: ILither there is a destruction of ax!®
cviinders divectly consequent to the impact, or ¢ls®
owing to the nupact, there is an edematons and hemot-
rlragic outpouring into the cord tissue, which by its
pressure and chemical activity inhibits temporarily 2
conduction function, or destrays permanently the spind
cord.

In suggesting a possible treatment to aid and 2{"“
an autorestoration, it is obvious that the hypothetica
factor of direct injury to the axis cvlinder by the impa¢
is bevond our reach, and that we should hetter confin®
our attention to the amelioration of the heightene¢
intramedullary pressure,

This has been trivd in vears past by various mean®
siuch as cupping and other antiphlogistic devices. But
the amount of henefit obtained has always been open 10
much dorbt and in the fortunate cases, where restord”
tion has taken place, the surgeon has found himse
unconsciously imbued with a post hoc non propter hoc
feeling.

THE SYMPTOM-CONTENT OF LONGITUDINAL SECTiON OF
TIE SPINAL CORD

Tn order to ascertain the symptom-content of longl
tudinal section of the spinal cord, T performed laminec:
tomy on a number of dogs. The dura mater was inciset
in the median line and held apart gently by means 0
traction sutures. Mhen with a very fine canaliculvs
knife longitudinal incisions from 2 to 3 ¢m. in length
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"“‘(]ianm;]i?{e 11? some casex a single incision in the
emerginy, 1)0‘~:te-‘l ‘Others,‘ bilateral incisions from the
he incisions ror roots forward and inward were made.
When the (]?)(:‘:01'0 carried completely through the cord.
stand anq \\:ﬁ; came: ont of ether, they were able to
Wardnegs “,"”:‘-'llo\vlng‘ very little weakness or awk-
eXagueration mfl t;mg_ J]lex'c.~\\'as very little, if any,
a5 sufficeq o, tl]e reflexes of the hind limbs. A fow
“apabilitieg 1e animal to recover his normal motor

This fina;
M inding ig ot var . . )
of the ug is at variance with the teaching of some

A . .
of s]);ls(t)ilz](:\_T"\‘.\,’s.loloms.ts, who have reported paraplegia
canmot” Il)ltt “lf ter this procedure.
N Ol)el'atiml‘ ,’L‘]}O\'e that }\'Ilell pm‘a].\.’sns ensues a{_tcl'
the corq oblic 1t is most likely due either to cutting
secondapy i’:) 1;1“{?“ owing to 1'uult_\.' tech.nic, or else is
i¢ Precay fiongn ll]:‘nnmtm-:v change from imperfect asep-
ongituding] qe 4 rom this work | conclude that median
Provocative of ction of the spinal cord of the dog is
¢ of no symptom of note.

EXPER v e
PERIMENT OF MEDIAN LONGITUDINAL INCISION 1N

i CASES OF HYPERIMPACT

1lve o
tor: ill'(tl:-L “:1 Eh%’ hypothesis, that there is a twofold fac-
e¥linders f,.(]f 'tlllp&.l('t: (1) the divect injury fo axis
and Blgg inl" ']]'C impact ; (2)' the outpouring of serum
dition of the (.)] 1"‘3 Si.ll)shlll’(f(,‘ ol.the cord ; given the con-
ility of N closely investing pia-arachnoid and the ina-
SV It oms a;_‘;‘\)flgeg given the comparative absence of
01 ‘-tie . t‘l medum‘ longitudinal incision into 'the
effect \\.Oll|(10lol!:1}‘)'.\\']m-ll p.roscr'\ted itsell was: What
$pinal cord |, “, lnedmn.lnngltudn.mi incision into tlu}

The 1.“mwf\.e on subjects submitted to hyperimpact?
Spina} cord ;] :‘-‘]ggostlng this course were .the nccd.lor
Ord decompy }‘tl‘l_lmge, thereby accomplishing a spinal
Neurons o It] ession, and‘ the fact that tllg ll'eter{)mcrle
tance, 1¢ dog and in man are not ol vital impor-

In five
tentinyete
hade

dogs T have used a hyperimpact of 540 gram-
A 'S (30 gm. at a height of 18 em.), and then
& median longitudinal incision from 1 to 1.5 cm.

In l(xn” .

a tou(.’t"lt]l‘ ‘]tlll‘ectl_\' through the impact level and passing
atiler . AT P m .

Uneventp wough the spinal cord. These dogs made

nly . Qi‘i(rll'(ét'o\'eri.es., in the worst instan(.?es sho“"iu;.r
limye ﬂl:t *_*‘t spasticity and awkwardness in the hind
and §y ¢r recovery, but not enough to prevent running
it VNping,
\\'hi(.;lh ““‘])'nct would have led to the dire consequences
t“dilm] h’}“ff’, pictured above, ]l‘il(] not the median long]-
d ot t]om(",‘ heen made. The dogs would have died
1e spinal cord been drained.

DETA[LE
ETATLED brscripeion ov

7)10\L2“]:1:h1mn of about 6 em. lq made over the spinous
the lnus‘c](n()\m to the fascin, The fascia 1s m‘msed and
cal ¢ 0\”\(; P“S],l?d well to the side by means of a perios-
Meang of( ]Ol‘ Three spinous processes are cut off by
ehin is o N')ne forceps, and then the lmmna_01 one ver-
one d(;\v \;I‘I]thl‘ough on ecach Sl:]() and the fragment qf
obtaineq lﬂ N and re.move(.l. Further enlargement 1s
cops. |t i);\ mgans of gpecially '[ushlo.ne(.l rongeur for-
eXposed 'Q(: tllw(iessm"\'_ to have at least 3 cm. of the cord
Ql)i‘llll'ui"f ¢ ‘}}t ('m'eh_}l obgervation can he n.mdc. The
adjusteq an '1‘3 now wiped away, the _nn])act instrument
ment of tlnx( a strong 1'0:1dmg-g!a}ss 10('\150‘(1 on the seg-
ere s g 1e cord to be struck. The blow %s.struck, and

"The ‘imtslmgle ,]e'rk. of the lower extremities.
that inst, nnngcnt is instantly removed, when it is noted
stead of the cord being the natural color and the
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dura mater showing as an almost transparent covering
through which the small vessels are casily visible, we
have now to deal with a dark biuish-purple, swollen
mass. 1 now take a very fine curved needle, and clamyp-
ing it in a pair of mosquito hemostats I use it as a
tenaculum to lift the dura preparatory to incising it cen-
trally. 1f this incision be carefully made, there at once
bulges out of the opening of 2 em. a dark, beefy-red
mass. This is the greatly distended pia-arachnoid.
This hyperdisiention of the pia-arachnoid extends longi-
tadinally about 4 ¢m., and when torn by means of a
fine toolh foreeps it subsides in a great gush of hlood
and cercbrospinal fluid. 1t will now he seen that the
substance of the cord appears pinker than it should
normally.

A median longitudinal incision of at least 1 em. is
made completely through the cord, following which
there is a goodly outpouring of blood and serum from
the cord substance.

After the active Dbleeding ceases, the muscles arve
brought together by a close row of huried Pagenstecher
sutures. 'The fascia is closed by means of a continuous
Pagenstecher suture and the skin wound by means of
Michel clamps. The dura mater in the dog is too tight
to warrant trving to suture it, as would most certainly
be indicated in man,

The dog is completely paraplegic following the opera-
tion, and it may he three or four days hefore there ie
any indication of return of power. 1Ina week’s time he
.is standing and moving about his cage with a very spas-
tic gait. Little by little the power returns and the
spasticity diminishes.  The end-result is a complete
restoration of motor power. The animal is able to yun
and jump and has complete control of bladder and
rectum.

The only point in the convalescence which may give
trouble is the development of what T might term an
artificial spina bifida. Owing to the difficulty of clos-
ing the dura mater in the dog, there is a leakage of
cerehrospinal fluid upward forming a fluctuating tumes-
cence, possibly the size of an egg, at the seat of opera-
tion. This it is my practice to evacnate by means of an
aspirating needle under the most stringent aseptic pre-
cautions. ’

This experimental work has been carried out under
full ether or cloroform anesthesia; and at no time have,
the dogs given evidence of suffering pain.

GENERAL CONSIDERATIONS; OUTLINE OF FUTURE WORK
IN TITIS FIKLD

There are many steps between the results above men-’
tioned and the adoption of the median longitudinal
incision through the injured ared as a desirable method
of procedure in cases of spinal cord injury in fracture
dislocation in the human subject.

The first important step to determine is: How long
after the injury to the dog’s spinal cord can one wait
and still obtain the good effect of the drainage from
median longitudinal incision?

1 <hall conduct a series of cases of hyperimpact in
which the median longitudinal incision is made two.
four, six and twelve hours after the impact; then a
series in which a period of twenty-four hours elapses
hefore the cord is cut,

1 have already tried to aid the drainage by applying a
Bier stasis-hyperemia cup over the laminectomy arca
the day after the impact operation of median longi-
tudinal incision had been performed. This T applied for
half an hour twice a day, but the result was most unde
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sirable, The dog showed every symptom of complete
transverse lesion shortly after the first treatment and
died about four days later. On histologic examination,
I found the gray matter of the cord greatly softened
and hemorrhagic for a distance of 2 em. above and 2
cm. below the impact area. 1t looked just as if the gray
matter, naturally lacking in Widerstandsfihighkeit (ve-
sisting power) had given way to the negative pressure.

Of course, this is only one case in which the Bier’s
method was used. It is altogether possible that, with a
more gentle suction, a better or favorable result might

. have been obtained. .

I wigh to call attention to a point which has impressed
me greatly in all this work. I refer to the effect of
severe hemorrhage during the operation on the period
of convalescence.

Hitzig® has shown the baneful effect of exsanguina-
tion on the central nervous system. 1 also have noted
in a previous work the great change in conductivity in
the lateral columns of the spinal cord in animals (dogs)
slowly exsanguinated.* There is no doubt to my mind
that whenever I had much hemorrhage, the animal’s con-
valescence was prolonged, his spinal cord symptoms more
severe than the impact would warrant and the chances
of an infeetion greatly angmented. 1 am convineed that
this is an important clement in the failure of opera-
tions on the brain and cord.

"1t is not my purpose to take up the histopathology
of this work until a future communication. 1 shall
only say that 1 have been surprised at the amount of
ascending and descending degeneration that 1 have
found by the Marchi method in the spinal cords of dogs
which had recovered their motor power completely and
which T had killed in order to make the histopathologic
study.

My tentative conclusion is that in cases of fracture
dislocation of the spinal column in the human subjeet,
in which there exists the svinptom picture of transverse
lesion of the spinal cord, it were well to perform the
operation of laminectomy at the earliest possible moment,
and if the cord be not completely severed to make a
median longitudinal incision through the area of impact
by means of a fine canaliculus knife in order to drain
the injured tissue of the preducts of edema and hem-
orrhage.

2013 Spruce Street.

Protective Detention.—Dr. Quinton, an English eriminolo-
_gist, is quoted by G. A. Auden (Jour. Crim. Law and Criminol-
ogy) as saying: “Female offenders who are of weak intellcet
will gain incalenlable benefit from the schieme of the royal
commission, wnich provides for their removal from prison alio-
gether. This class—a very pitinble one—never has been, aund
never can be, rationally dealt with under n short senteuwve
system, Their vicious habits and eriminal propensities soon
ulienate them from relations and friends who in despuir of
controlling them, abandon them to their fate—picking up a
living on the streets. Detly thieving, drunkenness and pros.
titution bring them back to prison time after time, their only
gain from imprisoument’ being the protection it aflords them
for the time being trom the perils of the street, which, in the
ease of feeble-minded girls and women, are appalling. They
need not only preventive but protective detention in some
kind of ‘institution other than the prison, for a much longer
period than any term of penal servitude their offense would
justify.”

3. Hitzig: DPhyslologische und klinische Untersuchungen diber
das Gehlrn, Berlin, 2904, part 1, p. 23,

4. Allen, A. R.: Hemorrhage Into the Ventrleles, THE JOURNAL
A. M. A, July 18, 1008, p. 216,
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SEVERAL UNUSUAL JOINT CASES
THEIR TREATMENT AND THE RESULTS *

GEORGE W, GUTHRIE, M.D.
WILKES-BARRE, A,

In reporting the following rather unusual cases 1
claim no originality, but simply aim to show what
thorough asepsis, accuracy of adjustment and secu®
fixation will accomplish. )

1 make no reference to a rather large number of othe!
fractures occurring in a field in which traumatism cod”
tributes greatly to the work of a surgeon, including
fractures of the patella, nor to cases of delayed uniod:
and ununited fractures occurring in the shaits of bon€
in which the open method and direct fixation have bee?
called into use.

CasE L.—The first case may be summarized as follows: Com’
plete separation of the right olecranon, extensive injury ol
the soft parts, nailing, straight splint; complete restoration 0
function. ’

The patient was a mule, aged 17, a pattern maker’s appren”
tice. The injury was received by elbow joint coming in coW
tact with a band ’
saw;  woumd in
soft parts 4 inches
long across pos-
terior aspect of
elbow;  oleeranon
severed % inch
below upper end;
trochlear surfaces
of joint scratched
by saw; fragment
of olecranon re-
tracted by triceps.
Reduetion was of-
feeted by placing
the arm in a
straight position;
fragment  secured
in place by driv-

ing a  cast-steed

wire  brad, 1Y%

inches, No. 14,

through fragment :

and into shaft of _l*‘lg. 1l'l.l—]-?lrllltlhod ofl ﬁtxllng(jlxo‘br?l(‘(;n fl\'zlll!i
alna (Fig. 1); ::gl‘l“h:‘ pm%‘ltlltun).uw Jolnt In Case 1; the ¥
wound closed with

interrupted  silk  sulures, skein of catgut for drain,

and  straight antevior splint applied; wound lenled with-
out suppuration; nail was removed when it beenme looser
probably in the third week. Figure 1 shows the nail in posi-
tion. The operation was done in the boy’s home on a conv
mon kitchen table, & range for a sterilizer, a dish pan for
instrument tray, in which instruments, nails, tack hammer.
all were thoroughly sterilized. TPassive motion was begun nt
the end or five weeks; six months after the injury the func-
tions of the joint were perfcet. PFigures 2 and 8 show the
limb in straight position and full flexion,

Cask 2—~—The patient, a boy aged 10, was thrown from & -
horse while riding in the street; hoth eondyles separated, probr
ably an inch above the lower end of the humerus; distal end
of proximal fragment thrust through soft parts in fromnt of
joint.  Every preeaution to produce an aseptic condition was
taken. Complete reduction under anesthesia was effected by
inserting fingers into the wound and sceuring perfect apposi-
tion of fragments, forearm was flexed on the arm and secured
by a strip of adhesive plaster; the external wound was then
dressed, and the upper extremity bound to the side of the
body without a splint, as practiced by Mr. Robert Jones.
lmprovement was rapid and satisfactory; wound remained

* Read in the Section on Surgery of the American Medical Asso-
;(}l"“mi'ﬁlult the Sixty-Second Annual Session, held at Los Angeles.
unc. .
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