
102 THE BRITISH JOURNAL OF SURGERY 

AN ANALYSIS OF 230 CASES OF OPEN FRACTURE OF THE 
LONG BONES TREATED BY OPERATIVE METHODS. 

BY J. HOGARTH PRINGLE. GLASGOW. 

JUST because so much can often be done to  save a limb of an individual who 
has sustained an injury that in itself is serious, but which is liable to undergo 
still more serious complications unless great care is exercised in its manage- 
ment, open fractures of the long bones form an extremely important typc of 
injury, and one that possesses a surgical interest little short of that associat.ed 
with any other form of traumntism. 

There me fccw cases which afford a better tcst of aseptic methods ; where 
everything goes well, nothing can be more satisfactory; though it must be 
admitted that, e\*en mherc asepsis is absolutely maintained, the union of a 
fractured bone is oft.en delayed considerably beyond what one looks upon as 
the average time in the case of a closed (simple) fracture. But when asepsis 
is not obtained, ccllulitis, central medullitis of the bone, etc., leading to  
general infection in one case, or to  nccrosis of bone fragments in another, 
is the result ; and the patient may only recovcr -after an amputation of thc 
injured limb. 

The difficulty regarding asepsis is not only met with in those cases duc to 
direct violeiice in which infective material is so frequently carried into the 
wound immediately; in those fractures also which are " open " in consequence 
of a fragment being driven through the soft parts from within, it is a 
quite coninion occurrence to  find that the end of the penetrating bone 
is thoroughly \re11 ingrained with dirt from the outside; and these eases, 
in fact, require trcatment every bit as careful as do the direct injury 
fractures. 

I h a w  thought it might be worth whilc to  publish some detailsfregarding 
the results obtained in t.he treatment of those cases of open fracture of the 
long bones that h a w  conic under my care a t  the Glasgow Royal Infirmary. 
My plan of procedure, from the time when I first had an opportunity of dealing 
with these injuries, has been to operate in some nianner upon every casc of 
open fracture; and I find that there have been admitted to  my wards, in  all, 
230 patients who sustained open fractures of the long bones, and rcccived 
treatment for these injuries. I have, however, cxcluded those cases in  which 
the general statc of the patient on admission was so serious that death took 
place before any real treatinent could be dircctcd to  the injury of thc limb ; 
and all cases of open fracture of the bones of thc hands and feet have also 1)ccn 
cxcluded. 

Of the 230 cascs under my care, 207 werc males and 23 werc females, 
a proportion of 9 to 1. 
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Table I.--~'HE AGE OF THE PATlENTS AFFECTED, TAKING THEM BY DECADES. 

AGE 

-I 
0-10 years .. 

11-20 )) . .  
21-30 ,, . .  
31-50 , I  .. 
51-60 ,, . .  
01-70 ,, 
71-80 . .  

41-50 ,, 

Not note;i .. 

11 
38 
.i 2 
47 
43 
21 
18 
1 
1 

i -- 
Total . . I 280 

I 

I n  168 cases 'the injury was caused by direct, and in 61 by indirect, 
Thc nature violence, while in 1 case this question could not be determined. 

of the direct violencc is indicated by the table below. 

l'uble II.-CAUSES OF INJURY DUE TO DIRECT VIOLENCE. 

Railway .. .. - !  3! 
Tramcar . . .. i 3 

Pit hutch .. . .  . ' 7  
Fall of stone in pit , . I 22 
Lorry, cart, etc. 
Crush .. .. 
Machinery .. I 17 
Direct blow .. 1 9 
Dynamite explosion . . I 4 
Bullet wound .. I 1 
Fall on arni . . .. I 3  

* .  i :; 

30 (including 12 avulsions) 
5 ( ,, 3 1, ) - 3 
4 
6 
6 

0 

- - 
- 

I 1  (including 4 avulsions) - 

I . . j 108 I 65 (including IS avulsions) ! 12 

Tabk I I Z . E I T E  OF l?RACTllRW A N n  NI1hlRF.R OF I M M E D I A T E  AMPCJTATIONS. 

Upper arm :: 1 89 20 = 51.2 per cent 

Total . . 1 230 06 = 28.7 per cent 

Forearni . . 31 9 = 29 ,, 
Femur . .. 21 4 = I9 ,, 
Leg . . .. . 139 $3 = 23'7 ,, 

- ____ .. . - I 

This list brings out the lamentable damage inflicted in the cases of open frac- 
ture of the upper extremity, no less than 29 immediate amputations being 
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11 
1 

1 
11 
4 
15 
12 

01 

required in 70 cases (= 41.4 per cent); i t  also shows, as one would expect, 
the great preponderance of the fractures of the leg-bones. 

This list further shows that 66 immediate amputations were necessary ; 
all but one were cases of direct violence; and 18 of them were instances, either 
of complete avulsion of a limb, or of such separation of a limb that a segment 
was only attached to  the main portion by a few strands of tissue or a tag of 
skin, when no other course of treatment was possible than to  endeavour 
to  get as good a stump for the patient as one could. 

I have thought i t  right to include the cases of avulsion ; for, although any 
attempt to  save a limb under these circumstances is necessarily precluded, 
thcy complete my series of " immediate amputations " for injuries involving 
fracture of the long bones. 

In  the single case of immediate amputation on account of indirect violence, 
there was a fracture of the legbones, with extensive comrninution, in a patient 
who was the subject of locomotor ataxia. 

Of the remaining 65 patients who required immediate amputation, 30 had 
becn injured by railway accidents, 5 by tramcars, and 11 by machinery ; while 
all the cases of avulsion were due to  one or other of these three agencies. 

In  a large number of the cascs in which an immediate amputation was 
necessary, the state of the soft parts, rather than the degree of injury to the 
bone itself, was the factor which determined the amputation ; although in the 
case of the railway and tramcar injuries, the bone was, as a rule, so smashed 
that  no other line of treatment could be entertained. The injury inflicted by 
the wheel of a tramcar is very serious ; i t  will be obserrcd from Table 11 that 
all the five cases of direct injury by tramcar required immediate amputation. 

2 
0 

0 
2 
1 
2 
0 

- 7  

Table II-.-SITE OF THE AMPUTATIONS. 

SITE OF OPERATION 

- .___~_ 

ESARTIC~LATIONR 

Hip .. .. 
Knee .. .. 
Shoulder .. 
Elbow .. 

Jnterscapulo-thoracic 
Humerus .. 
Forearm .. 
Femur .. 
Leg .. .. 

AWYCTATIOSS 

I_ .~. 

m t a i  

- 

.. 

. .  

.. .. 

.. . .  

.. 

.. .. 

.. 

IXXRDlATE 

NL'mRH ! lHEn 

FECOXDART 

sLmm 

1 
2 
0 
0 

0 
3 
1 
9 
3 

1 9 

DIE u 

0 
1 
0 
0 

0 
1 
0 
2 
0 

4 

Five cases of double amputation complete the total of 66 iininedinte 

One case, a t  the knee and tlrrough. the femur (recoyercd). 
One ease, a t  shoulder and humerus (died ; had fracture of the skull). 

amputations. These were as follows :- 
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Two cases, through femur and leg (1 died of shock). 
One case, through both femora (died of sepsis, following gangrene of skin 

which had been stripped--vide infru). 

Of the 66 patients who underwent an immediate amputation, 10 died, 
(15'1 per cent). Three of them died from shock, one being a case of double 
amputation. Four died from head injuries, three of whom certainly had a 
fracture of the skull (one of these three patients had a middle meningeal 
haemorrhage, which was relieved by trephining; another had a double 
amputation, at the shoulder-joint and through the humerus) ; the fourth 
patient mas also believed to have a fracture of the skull. One died from 
chronic Bright's disease. One patient had severe general hruisings and scalp 
wounds. One patient, who required a double amputation (through both 
femora), developed gangrene of the skin, which had been stripped at the 
time of the accident off the posterior aspect of both limbs and off both 
buttocks. 

There were, in all, 19 secondary amputations, with 4 deaths (21'05 per 
cent) ; but in only 14 of these had an attempt been made to preserve the limb. 
In the case of the remaining 5 patients, no endeavour was made to save 
the limb for the following reasons : In 3 cases the general state of the patient 
on admission to hospital was SO serious that amputation, which was recognized 
as being the only possible means of treatment, could not he carried out;  1 
patient refused to allow an amputation at  first, but recognized later that it was 
unavoidable ; 1 patient sustained an open fracture of a femur, from indirect 
violence, in a limb in which a resection of the knee-joint bad been made twenty 
years previously ; he came into hospital fourteen days after the accident, with 
well-established sepsis. 

Four of these five patients recovered. The fifth patient died ; one of his 
lower limbs had been jammed in a hoist, and bccamc affected with acute sprend- 
ing gangrene. The limb was amputated a t  the trochanters, as being his onIy 
chance, but i t  was una, ailing. 

Thcre remain, then. from my series of 830 cases of open fracture of long 
bones, 159 patients for whom an attempt WAS made to save the limb. 

The technique employed in all these cases has been on somewhat similar 
lines, but a more extended operation has been made in some cases than in 
others. 

The original wound in the skin and subcutaneous tissue is excised, and the 
deep wound in the soft tissues opcned up freely, so that all pockets are made 
thoroughly accessible. Muscle, fascia, and periosteum that is found ingrained 
with dirt is freely cut away, and any particles of dirt that are seen are picked 
out with forceps. The bone is thoroughly examined ; if necessary, the fractured 
ends of the main fragments are turned completely out of the wound, and the 
extremity or surface that shows dirt inqained is chiselled off. Small frag- 
ments of bone that are separated from periosteum are generally removed, but 
if attached to periostcuni every effort is made to preserve them. Large frag- 
ments, however, are always preserved, whcthcr attached to or separated from 
the periosteum ; if these are soiled, the infected surfaces are removed, and 
those fragments that are loose are kept in saline solution until the wound is 

He died of sepsis following upon this gangrene. 
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ready for thrir re-implantation. It is spccially important. to  prescrve and re- 
implant tlicse larpc fragmciits when thcy represent the “ tliird fragment ” of 
i l  “ flcxioii ” or a ‘‘ spiral” fracture ; for if they arc not preserved, two pointed, 
a.nd nftcii narrow, ends of boilc are left to  come into prosimity, and R 
pseeudartlirosis may result ; or if union does ercntually take place, it will 
probably occur with considerable shortening. 

I believe that in every case in which an extensive intcrfereuce on these 
liiics has bcen carried out, 1 have cmployed some form of “ fixation ” of thc 
bone fragments ; the “ fixation ” being effected in somc instances by wiring 
the main fragments, i i i  others by the use of “ plates,” and in others, generally 
in the casc of a sinall fragment (c.&. a portion of an articular surface) which 
has been fractured off, by the use of a screw, to fix the small to  the large 
scgmrnt, of the bonc. By the tcrm “fixed,” or “fixation,” I rcfer to  onc or 
other of these three methods. 

In n ccrtain iiumbcr of the cases-which, for rcasons to  be given later, I 
have dccided to  include in a separate category-the surgical interference has 
not been of quite such an cxtended character as in the former class. Thc 
original wouiid in the skin, howcver, is always excised, a.nd the deep wound 
opencd up ; but., beyond picking or cutting out dirt particles introduccd from 
wit.tioiit, as littlc intcrferciice with thc soft. parts is madc as possible ; ingrained 
bone is always chiselled off, but. no “ fixation ’’ of the bone has been employed. 

It is thc writcr’s strong conviction that evcry effort sliould be made t o  
close the wound in all cases of open fracture that are opcrated upon. This can 
oftcii-picrally, in fact-bc donc at oiicc vithout any tension being put ~ p o n  
the parts around ; hut if tlicre be cvidencc of tension. lateral incisions arc niadc 
to  oiw surticicnt relasation to  the skin and subcutaneons tissucs ; and thew 
incisions are always made in cases where there is considerable underniining of 
thc skin, as so oftcii occurs iii  thc paticiits injured by dircct violence. 

But unless one fcels very confidciit regarding thc asepsis of thc ~ o u n d ,  
i t  is far hctter to  ]caw i t  open than to  suturc it. This iiieaiis delay in the 
healing, but 110 harm will resiilt provided any bonc or fascia or tendon that is 
csposcd is kcpt moist (for if these tissues are allowcd to  become dry,  necrosis 
to  some cstciit is sure to  follow). Leaving tlie wound open in thcse cases does 
not in any way preclude the employment of a fising agent ; under such circuiil- 
stances the plates, scrcws, ctc., hold the bone fragnicnts in position until the 
soft parts around contract, and consolidatc : and oiicc this has taken placc, th? 
plnt.es can bc rcmovccl without. fcar of any displacement occurring. 

In my practice plaster cases have rarely been employed during the c:irl\. 
stngcs ; for ‘‘ windows ” arc always required. and they frequently sccm to 
induce mdcnia of the tissucs in thc ncighbourhood of the wound ; and this 
has oi‘tcn appcarcd to  me to  be a cause of delay in the hcaliiig process. 

The two methods of procedure which I employ do not in ren1it.y differ 
wirlcly from one another. To some extent they correspond to  thc two broad 
t.ypes of txeatniciit employccl by Contincntal surgcons in dcaling with o p i  
fracturcs, and which arc spoken of abroad under the tei:ms ‘‘ dcbrideincnt ” 
and “ conscrvativ.” As I understand thcsc terms. the first is applied to  n 
proccss .r\.hich aims a t  the most complete and thorough niechanical clcansing 
of thc entirc wound, though fixation of the bone fragmcnts appears to be 

?.  
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employed but rarely. While, in the second method, beyond cleansing the 
external wound and the skin around it, and picking out particles of dirt, as little 
interference with the wound as possible is indulged in. The writer’s “ cleans- 
ing ” process is a more extended one than the ‘‘ conservativ ” method ; for 
in all cases the bone is thoroughly examined, and, if need be, ‘‘ cbaned ” by 
chiselling off a11 portions that  show dirt ingrained in them. It is just possible 
that  this procedure might come under the term “ debridement ” ; but in the 
cases in which L L  fixation ’’ has been employed, the manipulation is so much 
more extended that  i t  appears reasonable t o  keep the two methods distinct, 
and to  write of ‘‘ fixing ” one class and L L  cleaning ” the other. 

Comparing the results obtained in the series of cases which form the sub- 
ject of this paper, there were 112 patients whose fractures mere treated by the  
more extensive operation of ‘‘ fixation,” and 47 patients tpeated by the “ clean- 
ing ” process without fixation. 

1. CASES TREATED BY FIXATION. 
Of the 112 cases in this class, 9 patients died from the following causes : 

one of pneumonia ; threc of cardiac failure ; two suffered from chronic Bright’s 
disease ; two had severe brain injuries (one of these certainly had a fracturc 
of the skull) ; one aftcr a secondary amputation (vide infw).  

Secondaiy amputation of the limb was required in 7 patients for the 
following reasons : threc because of extensive necrosis of soft parts (skin and 
subcutaneous tissue mainly) in thc neighbourhood of the wound ; four because 
of gcxieral sepsis of the wound. 

One patient, whose limb was amputated on account of necrosis of skin, 
etc., died ; he was admitted with an open dislocation of an elbow-joint and 
fracture of the forearm bones, shaft of the ulna and head of the radius. The 
ulna was ‘‘ fixefl,” and the upper extremity of the radius was removed ; b u t  
the skin of the whole forearm became gangrenous. It was an error of judg- 
ment on my part to endeavour to  save the limb ; it should hare  been amputated 
oil admission. 

The other 6 cases of amputation did well ; and thc 97 patients whose 
limbs were s p e d  all recovered with good union of the fractured bones. 

2. CASES TREATED BY CLEANING. 
There were 47 patients treated by this method, of whom 4 died : one of 

sudden cardiac failure ; one of shock (the patient had an open fracture of one 
femur and a closed fracture of the other) ; two paticnts died aftcr secondary 
amputation (aide infru). 

Secondary amputations of the injured limbs were required in 7 of these 
patients : in €our cases, owing to  sepsis of the wound ; and in three, owing 
to necrosis of skin, etc.; probably these three ought t o  have had an 
immediate amputation on admission. Two of these seven patients died 
of the effects of sepsis. 

It is somewhat remarkable that in each of thc two classes of paticnts, 
seven should have required secondary amputation ; and that  this should have 
been necessary in three patients in each class owing to  necrosis of the skin and 
subcutaneous tissue. 

The others recovered. 
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This stripping of the skin and subcutaneous tissue by the violcnce causing 
the injury is one of the most important factors to  be considered in dealing with 
such cases, and i t  is often a matter of very great difficulty to  judge how the 
skin, separated off from the underlying fascia, will react. Where the stripping 
is extensive, i t  may in itself constitute the chief, if not the sole, reason for an 
immediate amputation ; for i t  will almost certainly necrose, and this necrosis 
will frequently be the forerunner of sepsis. And nccrosis of stripped skin will 
of course bc more certain to  follow in a wound which has not been made aseptic 
than in one which is aseptic. 

When, in one of these accident cases, one endeavours to  prescrve a limb 
from which the skin has been stripped for some distance, the chances of the 
vitality of the skin being maintained will be increased if incisions are made to 
permit drainage takinp place of any blood, etc., that  may be effused beneath 
it. If small areas of skin dong the margins of the wounds necrose, this 
map only act as a delay in the healing process, without preventing ultimate 
succcss as far as the preservation of a useful limb is concerned ; whereas, if 
the entire area of stripped skin should necrose, i t  may necessitate a secondary 
amputation. 

Taking the whole series of 159 patients for whom an  effort was made to  
preservc the limb, i t  will be seen that secondary amputations were necessary 
in 14 cases (8% per cent) ; with 3 deaths (21'3 per cent). Comparing the 
amputations resulting from the two methods of treatment, there were 7 
secondary amputations in the 112 fixation cases (6'25 per cent), and 7 in the 
47 cleaned cases (14'8 per cent). 

With regard to  the cases that were treated primarily with the object of 
preserving the limb, if possible, and looking a t  them from the point of view 
of the effects of direct and indirect violence as influencing the result-and this 
is an aspect of thc question which, in consequence of the varying degree of 
injury to  the soft tissues of the part, is onc of extreme importance-we find 
that there were 100 patients whose injuries were the result of direct violence ; 
and that 72 of these were treated by the fixation method, with 6 secondary 
amputations (8-3 per cent), €our of them being necessary on account of necrosis 
of soft parts and two for sepsis ; while 28 patients were treated by the cleaning 
process, with 3 amputations (10'7 per cent), two being for necrosis of tissues 
and one for sepsis. 

Of 58 patients with fractures due to indirect ciolence, there were 40 who 
were treated by fisation, with 1 amputation, for sepsis (2'5 per cent) ; and 
18 treated by cleaning, with 4 amputations (22.2 per cent), all being on 
account of sepsis. 

In  thc casc of the remaining patient (bringing up the total t o  159), whose 
fracture was cleaned, it could not be determined whether the injury was due to  
direct or indirect violence. 

It will bc noticed that the patient had been injured by direct violence 
in every case in which a srcondary amputation was required on account of 
nccrosis of thc soft parts. 

There was no iiistance of tetanus in the whole series of  cases ; a t  one timc 
antitctanic serum was injected whenever there was a specially dirty wound ; 
but it has not bcen employed ns a routine practicc. 
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The length of time required for the treatment of these patients in hos?ital 
has often been very considerable. Excluding the amputation cases, I find 
that those patients whose limbs were saved were in hospital, on an average, for 
a period of 62'7 days ; the longest period of residence being 200 days. 

The qucstioii may arise whether it is worth while continuing treatment in 
these cases over such a period of time, and whether it would not have been 
better for the patient to have had the limb amputated. An open fracture of a 
bone in the close neighbourhood of a joint will sometimes lead to some degree 
of limitation of movement of that joint; in part owing to effusion, which, 
however, can usually be readily got rid of; but more frequently, perhaps, it is 
due to the difficulty found in exercising the joint during the process of union 
of the bone. My own opinion is that, even in the case of a lower extremity 
(and it is these fractures that require the long residence in hospital), when 
union results with a knee-joint partly limited in its range of movement, a 
workingman is better off with a limb in that condition than with an artificial 
one. At  the present day, a man who has lost one lower limb has a very poor 
chance of obtaining employment again. I have made it a custom to enquire 
of all these people, some time after they have left hospital, as to their own feel- 
ings in this matter ; and only one patient-who had sustained a severe open 
fracture of one femur, and whose'limb was saved, but with decided limitation 
of flexion a t  the knee-joint, and wh se stay in hospital amounted to 125 days- 

all the others have expressed their satisfaction that their limbs were preserved, 
in spite of the time required to do so, and in spite of any limitation in 
movement of joints that has resulted. 

In my book, Frmtures and their Treatment, when discussing the 
operative treatment of fractures in general, I wrote, inter a h ,  '' I fix most 
of the open fractures that I have to treat," and to this practice several of my 
reviewers took objection ; but I have not seen any reason for departing from 
it, and I consider that the results obtained are quite satisfactory. The figures 
quoted show that the majority of my cases have been treated by the fixation 
methods. I believe that these methods give better results than the cleaning 
process docs ; the fragments of the fractured bone are brought into as accurate 
position as is possible ; and, because of the free opcning up of the wound that is 
necessary to enable the manipulations to be carried out, I believe a more perfect 
asepsis is obtained. It will be seen from the figures that have been given that, 
in the series treated by fixation, secondary amputation was required in T G  
per cent of the cases on account of sepsis of the wound ; whereas, in the series 
treated by cleaning, it was necessary in 10% per cent of the cases for the same 
renson. 

thinks now that he might have be Q n better off had the limb been amputated ; 




