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I NTRODUCTIO:\f 

W HILE the use of cautery and boi l
ing oil has long been abandoned a nd 

suppuration i no longer deemed la udable 
con 'idemble variation still 'ulTound t h~ 
t reatment of gun hot ,rounds. Since the 
da mage revul t ing from t hese injurie i, 
dependent upon t he type of mi , 'ile in
Aicting the \\'olll1d , t he t i ' ues invo lved 
a nd t he circum tances which immediately 
precede a nd follow wounding, attempt 
to as. ·e· t herapeut ic efforts a re both dif
fi cul t a nd of limited a pplication. Hunter 
(7), nearly 200 years ago, noted the 
marked differences in the de t ructive 
effects of variou firearm and wa' one 
of t he fir t to recognize the im portance 
of missile velocity in t he fate of uch 
injuries. He called attent ion to the de
layed appearance of injury occurring in 
wounds from high velocity mi , ile and 
empha ized t hat t he extent of damage 
,:a often impercept ible on fir "t in 'pec
tlOn. 

Subsequent observations and report 
reAect la rgely the experiences of the 
mili tary wit h these \\·ound <:. nder cir
cumstance' of combat, radica l deb rid -
ment of uch injurie a nd the avoidance 
of primary sut ure am accepted principles 
~ri th which few could disagree. H ow vel', 
111 t he year ince t he K orean Wa r there 
ha. ~een a persistent tendency to reject 
pnnclples evolved during circumstance 
of wa r a nd replace them with procedure ' 
deemed more a ppropriate to civilian life. 
The wisdom of t his practice in the 
managemen t of gunshot wound to t he 
ext remi ty 'keleton is t he subject of t hi 
report. 

M ATE RI AL AN D M ETHOD 

The x-my a nd clinical record were 
reviewed in 100 cases of extremi ty frac
t ure ' secondary to gunshot wound ad-

I ~rom the. Depart ment of Surgery, Northwestern Uni· 
vcrslty Medica l School. Recei,oed (or publication, Sep
temoor 27. 196 1. 

' Resident in urgery . Cook County 1-1 0 pita!. 

mitted to the adu lt and prdiat rie fmelurc 
'en ' ice' of t he ook ounty lTo 'pital 
between January 1 1957 and,' ptrmbrr 
:30, 1960. imila r treatmrnt was rm
ployed in each pa tient , namely . Ytu'yin' 
deO"rees of wound clean 'in' and irrirratioll 
carr ied out on the ward without rec ur' 
to general ane -t he 'ia 01' enlarginO" in
ci ·ions. I n t he majority of instance ' thi . 
merely con 'i ted of lean 'ing of adjaC" nt 
skin and application of a teri le dr s 'in ' . 
I n a f w in tance', t he I)\'iou 'Iy le
vitalized or d i 'co lored 'kin at the 'it f 
entrance or xit wound ' \\'a' exci ' d and 
t he ubcutaneou w und \\'a' 'uperficial
Iy ilTigated with terile 'aline ·olution . 
Appropriate immobilizat ion procedur s, 
tetanu ' prophylax i and antibiotiC" to r
apy were then in titut d. 

T wo type' of injury a r not in('lud d 
in. t hi ' re" iew : 1) those r quiring op r
atIOn fo r other rea n ', 'uch a' major 
ve el damage 0 1' wound ' to th abdom n, 
t horax, 0 1' head and n ck region'; a nd 
2) ,.hotgun wound ' which u 'ually requir 
operative in tervention b cau ' f the d -
gree of oft t i ,'ue dama T they neat . 

T~i erie' then I' pI' ' nt a n arly 
contll1 uou group of xtr'emity gun'h t 
fract ure ubje ted to minimal w unci 
care. 

ITE OF I NJ RY 
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Table I how ' the di tribution of gun
'hot fract ure. Th re were 10 . fracture ' 
in t he 100 case' studied 6 patient having 
had two 0 1' more b ne' injur d. ;\l ultipl 
gunshot fracture' of t he radiu and ulna 
occurred in 3 pat i nt ', of the ulna ancl 
humeru in 2 patient " and of a m ta
carpa l ancl a phalanx in ne pati nt. 
Repre entati,' x-ray view ' of the ntriou ' 
gunshot fractu re ncountered are illu '
t ratecl in FiO"ure I. 

TY P E OF FR.\ TURF~ 

Any. fract ure th~t ~ ' complicated by a 
break 111 t he cont111ul ty of the kin i ' a 
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E 
Pig. I , A to P. A , AP view of knee showing single metallic fragment infemu?·. Fracture i napparent. 

13, Lateral view of leg showing i ncomplete fracture of fib ula. C, ,i'raeture di stal radius. D , Both bone 
fracllu·e lower leg. E , Oblique comminuted fracl11re of humerus treated with skeletal tTaction . F, 
.1larkedllf dioplaced and call/minuted supracondylar fmclltre of femur. 

compound fracture, and a ll gunshot frac
tures fa ll into this category. Ana lysis of 
the x-rays in our series revealed four 
bas ic types of fracture (Table II ) and 
a ll appeared to be independent of the 
caliber of the gun inflicting t he injury. 

WI';APO :-< AND WOUND 

The eali ber of the gun prod ucing t he 
fracture was ident ified in 57 cases by an 
interv iew wi t h the patient or po lice or 
by cali bration of the recovered missiles . 
The hospital record contained no refer
enee to the type or size of weapon in .t3 
of the eases reviewed . 

Wound · were descri bed in detail on a ll 
of t he charts reviewed. T here were 39 

patients \\·ho showed wounds of ent rance 
bu t no exit \round, 51 patients had both 
entrance and exit wounds, and 5 patients 
had mul t iple entrance and exi t \rounds 
wi th more t han the usua l skin damage 
and contam ination. 

ASSOCIATE D I NJ URIES 

Nerves. In this series of 100 eases of 
gunshot fractures, 5 patients had evi
dence of nerve injury, the peroneal nerve 
being in volved in t wo instances, and t he 
radia l, ulnar and median nerve each in 
one instance. Spontaneous return of nerve 
function occurred in 3 of t he 5 patients 
during the period of ho ·pi talization, but 
in the other 2 the neurologic defi cit per-
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TABLE I. 

Distribution of Gunshot Fractures 
Cook County Hospital 

1957-1960 

C laviclc 2 
Humcl"lls J!) 
Ulna 10 
Radiu 1:2 
~[ctacarpal i 
Phalange. (hand) 10 
Fcmur 15 
Tibia J2 
Fibula 5 
T arsa ls :2 
~ [etatarsals 6 
Phalangcs (foot ) G 

T OTAL lOG 

si tcd until t he t ime of di chargc and 
both t hese patient · \\"erc 10 t to follo\\'
up ·tudy. 

V e els. Actual or su!:'peeted injury t 
major ve 'els is an indieation for formal 
wound exploration in the operatinlY room. 
T his type of injury \Hl ' exeluded from 
OU I' study except in onc in tancc where 
tran ection of t he rad ia l a rtery oec'u lTed 
in as 'oc iat ion wi t h a gun,.hot fracture of 
t he radius and was ,'ucce 'sfu lly eon t rolled 
by ligation on t he wa rd , 

RE LT 

Soft 'Tissue Heating. The rate of wound 
healing and the occul'l'ence of wound com
plications have been well documented in 
77 0 of the cases in t hi 'eries Cr ab le III), 
:Most of t he 2:3 patient' 10 t to e1inical 
follow-up were under a rre't and were 
relea 'ed to pri 'on a uthori t ie', 

The period of t ime required for com
plete kin closure is a time-honored and 
at t imes ul1l'eliable cri terion of the efficacy 
of wound healing. Where 'kin ed re ' have 
been wide ly excised, a con iderable p riod 
of t ime may elapse before eomplete 
epithelia lization occur , in spite of the 
fact t hat healthy granulation t i ue exi t 
and t he \\"ound is free of 'uppumtion, 
~evel'thele s, wound healing ha' been 
cia' i fied as "ead y" if it occur within 
3 week , a fter injmy, as "delayed" if it 
occm s 3 to 6 weeks after injury, and a~ 
" prolonged" when t he ,kin remain' open 
a fter 6 week " Reference to Table III 
will confi rm the uniformly good re 'ul ts 
obtained in the patients studied. 

TABLE n. 
Type of Gunshot Fractures 

Cook County Hospital 
1957-1960 

Chip fr: l('lm('~ 7 
In('ompll'(1' or pUlu,hed {)ul 

f mel m r s 2 I 
Hill!(lr mrtal fra!(nl('11( 

imhrddl'd in hOlll' l:~ 
ommillll(('d fnH't 1I1'('~ li2 

TOT,\i. lO(i 

TABLE III 

Wound Healing of Gunshot Fractures 
Cook County Hospital 

Skin healing 
Earh' 
i)rl:il'l' cl 
Prolonged 

Bony healing 
i)clnl'!' d ullion 
o tcom~' ('lilis 

Lost to rlini('al 
follow-up 

J)calhR 

1957- 1960 

L('~~ lhllll :{ \\'( '('k ~ 
:{ to Ii \\' ('l'k~ 
~ I ol'(' tha ll (j wl'!'k" 

TOT.\ L 

Pcrccntugr of wound morhidity (;~ of ii) 

Cases 
i4 

;$ 

o 

() 

o 

\ more important ('ritcrion for th 
as e sment of wound enrc i ' th in('idcm' 
of major infect i n ' whieh prolon cr hos
pitalization or enduncrcr life and limb, 
The.:e a r the compli('ution ' that mcli('al 
exci ional t herapy i ' de 'ilTn d to prc\' nL 
Tetanus a nd ga ' "unrrene wcrc not cn
eountered in our s ries. Xot a 'incrl 
in tanc'e of ab~te " f rmation requiring 
'urgical drainagc Wtl ' obl: I'\·ed. In nO 

in tanc'e wa ' th I' a temp ratur cle
\'ut ion (whieh wa ' I' It to be taus d by 
t he wound) bey nd 72 hoUl" aftcr injury, 

Bony Healing. The 'pc d and dcgl' e 
of bony healing a l '0 appeared to b(' with
out eomplieation, , ithin thc period of 
fo llow-up tudy, not a ' in Ie in 'tane of 
o teomyeliti Ot' delaycd bony union \\'n ' 
encountered. 

DI I 1\ 

l\Iany of t he factor ' ill\'o\\'cd in thc 
de ·tl'uctiv effect ' of mi~ 'il ' upon ti ','uc 
a re readi ly evuluat d in the laboratory 
(2, 6). I n add ition to veloeity, th(' natur 
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TABLE IV. 

Contrasting Characteristics of Gunshot Wounds Incurred in Military and Civilian Life 

Military Civilian 

Weapon Garand, MI rifle, 30 mm machine gun .45 cal pistol ; .22 rifle; 
.32; .38 revolver 

~[lI zz l e vt'lo('it~· High , 2000 to 10,000 ft / see Low, usually less than 
1000 ft / see 

Variable \\'ollnding diRtancl' 

WOllnd Patholog~' Pronounced cavi tation effect \\'ith injury 
to t issues some distance from t ract 

Usually hort range 

Minimal t issue destruc
t ion co nfined to missile 
tract 

Greater severance of ves. e\. and hem
atoma fo rmation 

Onset or t her:!p.'· 

Follow-lip care 

Often de la~'ed 

Changing personnel 

Usua lly prompt 

Usua lly by same per on
nel who provided ini tial 
t reatment 

Therap~' Classical debridement wi t h enlarging 
incisions, excision of devita lized t issues, 
evacuation of hematoma, irrigation and 
dpla.,·ed closure 

Controversia l 

of the t issue t raversed, the cali ber of the 
bullet and its characteristics of mass, 
hape, aerodynamic and hydrodynamic 

stability deserve con. ideration. Of all 
these factors, the most important is 
velocity. It alone may erve as a reliable 
indicator of expected damage to t issue. 

General agreement exists as to the 
management of wounds resul t ing from 
high velocity missiles incurred during 
wartime. However, differences in the 
type of wound produced by civilian fire
arms in contrast to military missiles 
(Table IV) suggest t hat considerab ly less 
in the way of furgical debridement is re
quired in t heir treatment. The excellent 
reports of Dziemian (2), Morgan (8) and 
Harvey (6) have shown this to be the 
case in a large series of both clinical and 
experimental wounds of t he soft t issues 
of the extremity. It i suggested by the 
present tudy that t he same considera
t ions may exist when bony injury is 
a soc iated. 

Much of the cont roversy over wound 
care center. about t he use of the term 
"debridement." This much abused word 
usually implies an incision of sufficient 
length to permi t exploration of the entire 
area of injury. Ha mpton (5) stated that 
the objectives should be removal of dead 
tissue, relief of tension in the wound, 
evacuation of hematoma, and provision 

of adequate drainage. He considered re
lief of tension t he most important con
tribut ion of wound debridement. Thi 
may be provided by the missile itself in 
some wounds, but, in general, the deeper 
the tissues injured, the less adequate the 
decompression provided by the missile 
tract. Other components of debridement, 
including assessment of t issue viability 
and provision of drainage, can hardly be 
considered to have been fulfill ed in the 
majority of wounds reported in this series. 
The previously cited work of Morgan (8) 
contains examples of wounds treated 
wi thout debridement . His group re
viewed 105 cases of civilian gunshot 
wounds of the soft tissues of the ex
t remity in which wound care consisted 
on ly of application of a sterile dressing 
after gent le cleansing of the exit and 
entrance wounds. Appropriate tetanus 
prophylaxi and antibiotics were used 
rout inely. They observed no instances of 
immediate or delayed wound sepsis, and 
reported a mean hospi tal tay of two days 
where no bony involvement occurred. 
Their rather complete follow-up 3 mon ths 
to 3 years after injury revealed no evi
dence of delayed wound sequelae in the 
soft t issue wounds, and they concluded 
that debridement was unnecessary in 
uch wounds. Similar findings were re

ported from widely distributed civilian 
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area. in personal tommunications tited 
by I-Iampton (4), and from the military 
experiences of Crile (1) and Ferguson (:3). 

Ziperman (l L) oppo .. ed t hese tonC'epts 
and advocated forma l explorat ion of most 
missile \rounds, regnrdles' of t he C' ircum
stances sUl'rounding t heir oC'cUl'renC'e, If 
t i sue devita li zat ion 1m' not ident ified in 
his cases, t he \round Il'as 'utu red pel' 
primum ; othel'll'ise delayed dosure of the 
Iround Il'as practiced, He Il'a rned again. 't 
hazards of imbedded doth Irhich is al
way' loaded Il'it h bacteria and is far more 
dangerous t han t he missile it .. elf. We 
have observed in ot hel'll'ise unimpre' 'il'e 
gunshot Il'ounds t he retent ion of alarm
ingly large pieces of foreign materia l, such 
a .. clothi ng, button .. and leat her, which 
may resul t in dire C'onsequences of deep 
\round sep i a nd gas gangrene, thus en
dangering bot h life and li mb, 

Though infrequent, these experience 
uggest a cautiou ' acceptance of the con

cept of limi ted wound care, Add itional 
benefits of formal Il'ound exploration may 
be cited , With the detection of major 
vascular injury, exploration is univel' a ll y 
advocated to assess and to repair damage 
to cri tica l vessels and to evacuate hem
atoma, Yet major mscular injury may 
occur wi thout being immediately el'ident 
and routine wound exploration at t he 
earliest po ible moment i ' of unque '
t ioned benefi t in the detection of the e 
case '. 

Xerve injury secondary to gun 'hot 
\I'ounds is generally managed con 'el'l'a
t ively. Identification of complete or par
t ial severance at the time of operat ion 
may not ju 'tify primary repair, but ac
curate knowledge of such an injury cer
tainly fac ilitates the time of secondary 
repair (10). 

An addi tional con ideration is cited by 
Hampton (4) in referring to the unpub
lished \I'ork of Richards. He reported an 
instance of fulminating epsis in a civilian 
wound of the buttock area \rhich Ira ' 
a llo\l'ed to go undebrided. We hal'e in 
the pa t year (' ince completion of thi · 
study) observed two additiona l example 
of \round epsi \rith pel' 'istently posi
tive cultures for Clostridium tvelchii from 
civilian gunshot wounds in this area. In 
neither case was injury of the colorectum 
responsible. 

The 'ilrni fiC'anC'C' of bOIlY IIlJury is dif
fiC'ult to a .. 'C'S '. WhC'rC' impa(·t rC'sult s in 
fracture, an inc'rea 'c I likclihood of soft 
ti ' 'ue de ·t ru (·tion is antieipatC'd sin('C' the 
fragment · of .. hattC'rC'd bone a(·t as s ('ond
my mi .. silC' .. \rithin thC' tissuC's. 11 OII'C' ,. ('I' , 

unpubli 'hcd report .. by Hi(·hards alld 
Holt (9) in G2 C'onsC'C'utin' (·i,·ilia ll gunshot 
fm(·ture .. treated \rithout dC' \)rid('mc'nt 
re"ealC'd no untOlI'Hrd sCqUC'i:H' . 

In Ii rht of the C'xpcriC'n('C's l'('por tNI 
herein , Ire ('annot hrlp but agrC'(' \rith 
Hampton that ' thc majori ty of hullC'l 
II'ounds of the extremity \ri t h or II'itholit 
fracture seen in the p;'[lC't iC'C' of (-i"iliall 
'urg ry appa rently rcqui rC' 110 rC'a l SlII'

gery of th \round." \Yollnds rC'sliitillJ!: 
from shottrun blasts or II'ound:-, (·ompll
C'ated by other fact or ', .'ueh as aetual or 
'U -pi(·iou .. n uro,'a 'C'ulur injlll'Y, C'om;t i
tute sp C'ia l situations u.'lmlly dC'malHlill tr 

operat i,' intervention. ~r()rC'o"C'r, II'hC'1l 
the appearance of the II'Olllld, it. , lo(-a t iOIl , 
0 1' the circum 'tallC'e ' surroundin" its Oc'
currence and treatment ar dcem d Ull
favorable , there 'eems li ttlc doubt that 
recour 'e to e1a ' ic mea 'ure ' of formal 
operat ive debridem nt i · indiC'ntcd. 

SU~HL\HY .\KD CO:\CL . 10:\ ' 

I. Ob en 'ation ' a re reported on 100 
ci"ilian pat ients \ri t h gun 'hot fmetun ... · 
of the extremiti 'ubjeet to limited 
\round C'a re. 

2. The differences in ci"i lian mi 'silc 
injurie in contra t to military one ' nrc 
empha ized and the thcrapcutic impli
cat ion disC'u ' 'ed. 

3. While our experience ' and tho 'c of 
others 'ugge t that f rmal c1ebridC'melll 
is lInnece' 'ary in the "a 'l majority of 
uncomplicated C' il'ilian gun -hot wOlin Is, 
cautioni ' aclvi 'ed in the uni"cr:;al appli
cat ion of thi · principle. 
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