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Canadian Candidate

C. A. BELL, B.ASc, O.B.E, M.C'

Throughout the 200-odd years since its inception, the surgical procedure
known as disarticulation of the hip has been fraught with danger and disap-
pointment both medically and prosthetically. On few persons has the operation
been performed, and fewer still have survived for any gratifying period. Be-
cause hip disarticulation is so severe a measure, and because in recent years it
has for the most part been carried out only in the attempt to forestall fatal
disease, the level of medical success thus far attained has been disturbing. Be-
cause the hip-disarticulation amputee presents such a difficult problem in
anatomical deficiency, his successful rehabilitation prosthetically has proved
particularly evasive.

Although even in modern times postoperative mortality from residual sys-
temic disease has remained alarmingly high, recent advances in surgical
techniques and in medicine as a whole have done much to encourage hip
disarticulation where it might not otherwise have been attempted. This cir-
cumstance, together with a growing tendency toward the use of radical ampu-
tation surgery as a curative measure in cases of malignancy, has been respon-
sible for an increasing incidence of hip-disarticulation amputees. Meanwhile,
the problem of providing a reasonably satisfactory substitute for a lower ex-
tremity amputated at hip level has over a long period of years continued to be
most difficult for the limbmaker and most exasperating for the patient.

To satisfy functional requirements in amputations at or about the hip, the
prosthetist has not only to furnish a limb with three simulated anatomical
joints, all of which have to be stabilized in the stance phase of walking, but he
must do so with only the torso and associated structures as a source of activa-
tion and control. In the absence of an adequate thigh stump, reliable manage-
ment of an articulated lower-extremity prosthesis calls for the use of various
locks, or equivalent, and for the coordinated action of pelvis, trunk, and re-
maining sound leg. The saving grace in this situation is that weight-bearing
can still be provided on one of Nature's chosen seats of election, the ischium.

The hip-disarticulation prosthesis to which this issue of ARTIFICIAL LIMBS
is devoted is the culmination of many years of practical work, later combined

! Director of Prosthetic Services, Department of Veterans Affairs, Ottawa, Canada.

1



with present-day methods of organized research and the application of new
materials. Canada has had much experience in the provision of orthopedic and
prosthetic appliances in the aftercare of her veterans. Early in 1916, the govern-
ment of the day was confronted with the matter of supply for members and
ex-members of the Canadian Expeditionary Force. After thorough investiga-
tion, it was found that existing facilities were extremely limited and unable to
cope with the problem. Further, although standardization of appliances was
deemed essential to provide ready maintenance or renewal accessible to the
veteran's place of residence over the breadth of the country, no such standardi-
zation existed throughout the Dominion. Government proprietorship was con-
sidered the best means for keeping in touch with latest developments in pros-
thetics from other countries and also seemed to offer the most expeditious way
of initiating a domestic program of experimental work that would be productive
of results in keeping with the policy of standardization.

The agency thus established, which today is known as the Prosthetic
Services Branch of the Department of Veterans Affairs, now consists of some
twelve operating centres and six visiting facilities situated in or adjacent to
Departmental hospitals in the principal Canadian cities from coast to coast.
The largest centre, located at Sunnybrook Hospital in Toronto, serves as the
central manufacturing facility for the production of standard parts and stores
for supply to all other centres. Here also is located a research section technically
staffed for the investigation of new designs, materials, and techniques. Situated
close to the medical and production facilities, and with patient personnel from
the largest veteran area, this unit provides ample opportunity for field-testing
and final approval for manufacture in other District facilities across the coun-
try. It was here that Colin McLaurin and James Foort were inducted into
the field of prosthetics research and here also that, early in 1954, McLaurin
brought into production the hip-disarticulation leg now generally known as the
"Canadian type."

To produce an improved prosthesis for the hip-disarticulation case was
already one of the problems confronting the design section organized in 1916.
At that time, the choice of willow setups, wood or leather sockets, and heavy
joints did not provide for a light limb or for good control. Later, in 1926, the
Department adopted the J. E. Hanger English metal limb, which included a
design known as the "tilting-table leg." This limb, although of lightweight
construction and representing a decided improvement over former designs,
did not eliminate locks, and, moreover, the location of the hip joint directly
under the ischial seat created, when the wearer sat, a pelvic tilt that was
tiresome over any lengthy period. Further design work was carried out after
World War II using a lateral hip joint and folding-latch mechanism. But this
device, while solving the "tilt" problem, necessitated heavy construction and
gave little improvement in control. Because of this discouraging state of affairs,
many hip-disarticulation and short-stump above-knee amputees had long
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preferred crutch ambulation rather than bother with the best prosthesis
available.

The current design of the Canadian-type hip-disarticulation prosthesis was
evolved by McLaurin after some three years of work in which the scope of
investigation was broadened to explore more features than the height of the
joint under the seat. Included were a mechanical design of the hip joint to
promote walking with a free hip, an alignment that provides stability through
all phases of the walking cycle, and, finally, a new concept of a plastic socket-
waistband. This all-plastic member embraces the pelvis and incorporates a
rather rigid band which encircles the waist. When well fitted, it provides com-
fortable weight-bearing, a suspension that requires only the tightening of the
front restraining strap, and a degree of control which permits the amputee to
move the limb freely and confidently.

Performance on the new device by a test amputee exceeded all expectations,
despite the fact that in addition to an amputation at the right hip he had
suffered amputation of the right arm above the elbow. Shortly after trials, he
reported his ability to walk forty city blocks with less effort than he had
formerly expended in two blocks with the old-style metal limb. The ease of
donning and removing the new leg with the simple yet secure suspension was
impressive. Further field-testing on a larger number of hip-level amputees
justified the acceptance of the design as a standard of production, and by
September of 1954, through instruction and training of District fitters, it was
made available on a Dominionwide basis. Some thirty-two cases have been
fitted to date, and twenty-five of these have been classified as successful.

Following the results attained at Sunnybrook, the Prosthetics Research
Group at the University of California at Berkeley undertook to assess the new
device and to work out improved procedures for construction and fitting, and
in the spring of 1956 the Committee on Prosthetics Research and Development
of the Prosthetics Research Board approved the issuance of the Canadian-type
hip-disarticulation prosthesis to veteran beneficiaries throughout the United
States. Here, then, is a Canadian candidate for utilization by clinic teams every-
where in dealing successfully with one of the most troublesome prosthetic prob-
lems of all.



The Past and Present Medical Significance

of Hip Disarticulation’

Hip disarticulation, or amputation through
the hip joint, is one of the most drastic surgical
removals known to medicine. It is seldom
justified as other than a last-resort, lifesaving
measure and, as compared to other amputa-
tions, is seldom performed. Because of its
severity, and because it has been used only for
patients already on the verge of medical dis-
aster, it has been attended by discouragingly
high mortality rates throughout its 200-year
history. By the same token, however, the
record of the changing need for hip disarticula-
tion is a record of medical progress against
fatal disease and trauma of the lower ex-
tremity. Whereas hip disarticulation was first
used extensively against gangrene or the ever-
present threat of generalized infection, it is
now most frequently one of the ultimate
weapons against cancer. Moreover, the opera-
tion has lost much of its fearsomeness as
general medical knowledge and surgical skill
have increased and as the hope for prosthetic
rehabilitation of these patients has become
brighter.

By presenting the medical aspects of hip
disarticulation in historical perspective, it. is
hoped to show here how the pathological con-
ditions indicating hip disarticulation have
changed as medical science has progressed,
how the operative dangers of hip disarticula-
tion have been largely overcome, and how the

'A contribution from the Biomechanics Laboratory,
University of California, San Francisco and Berkeley,
aided by U. S. Veterans Administration Contract
VAm-23110 and U. S. Public Health Service Grant
RG-4856(C).

? Research Orthopaedist, Biomechanics Laboratory,
University of California Medical Center, San Fran-
cisco.

HENRY E. LOON, M.D.2

surgical fashioning of the stump (within the
limits imposed by injury or disease) has helped
in the prosthetic rehabilitation of patients.
Finally, there is appended a discussion of the
recent interest paid to systemic effects that
may accompany any major loss of limb.

HISTORICAL BEGINNINGS

Until the mid-eighteenth century, surgeons
considered themselves helpless to treat com-
plicated fractures or suppurative diseases of
the upper part of the femur, let alone malignant
growths in this region. Death from septic com-
plications, gangrene, or, in the case of cancer,
metastases, was the almost inevitable outcome
of these conditions.

Surgical disarticulation of the hip was ap-
parently first conceived by Sauveur Francois
Morand, a leading French surgeon of the early
eighteenth century, and was formally proposed
in 1739 by two of his pupils (36). Long before
the first true surgical disarticulation, however,
the hip of a boy of 14 was nearly disarticulated
by gangrene which resulted from his having
eaten diseased rye. Observing the thigh to be
connected to the trunk only by the round liga-
ment, the sciatic nerve, and some shreds of
tissue, the French surgeon Lacroix (44,65) cut
these with scissors. The other leg, similarly
affected, was cut from the hip in the same
manner four days later, and the patient sur-
vived another 11 days. This case gave a great
impetus to discussion of the matter. In 1759,
the Royal Academy of Surgery offered a
"double prize" for the best essay on the follow-
ing subject: "Dans le cas ou l'amputation de
la cuisse dans l'article paroitroit I'unique
ressource pour sauver le vie a un malade,
determiner si l'on doit pratiquer cette opera-



tion, et quelle seroit la methode plus
avantageuse de la faire."’ Of 44 essays sub-
mitted, 30 were in favor of performing the
operation (36).

Not until 1774 was it proved that death on
the operating table was not a necessary conse-
quence of this formidable operation. In that
year, the first true surgical disarticulation of
the hip was performed by William Kerr (1),
of Northampton, England, on an 11-year-old
girl who had a tumor of the thigh and symp-
toms of pulmonary tuberculosis. The disarticu-
lation had probably not greatly influenced
the course of the disease, and Kerr concluded
his presentation optimistically (p. 342): "With
regard to the expediency of the operation, I
am so much convinced of it in certain cases,
that in such I shall not, for the future, hesitate
to perform it when they occur."

Another disarticulation said to have been
performed at about the same time by Henry
Thomson at the London Hospital apparently
terminated fatally (58), and the operation was
not reported again for nearly 20 years. The
Wars of the French Revolution and the Na-
poleonic Wars brought with them a new series
of hip disarticulations.

SHIFTS AND CHANGES IN INDICATION OVER

Two CENTURIES

Although the earliest hip disarticulations
were performed for disease, in the following
100 years many more were done for gunshot
wounds than for any civilian cause. Up to the
end of the American Civil War, nearly two
and a half times as many military as civilian
operations had been reported from Europe
and America, as recorded by Otis in The
Medical and Surgical History of the War of the
Rebellion (63). Since that time, the situation
appears to have been reversed again owing to
the decreased necessity for the operation fol-

3 "In a case in which amputation of the thigh at the
articulation with the hip bone appears to be the last
resort for saving the life of a sick man, to determine
whether this operation should be performed, and what
would be the most advantageous method of doing it."

4 Or possibly a metastatic cancer of the lungs. At her
death, 18 days after operation, an autopsy showed them
to be "almost totally reduced to matter."
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lowing battle injuries and its increased use to
remove malignant growths. It would be in-
structive to be able to compare hip disarticu-
lations of military and of civilian origin—as to
exact incidences and indications—throughout
the history of the operation, but unfortunately
information is incomplete and many difficulties
of interpretation arise. Nevertheless, a com-
parison of the indications given for each group
points up the necessity of considering the two
categories separately.

INDICATIONS IN MILITARY SURGERY

The military surgeon has always been
concerned mainly with trauma and ensuing
infection, although infection plays a progres-
sively less important role than formerly. In
1812, Dominique Jean Larrey (28), the famous
French surgeon and personal physician of
Napoleon, who himself (Larrey) performed
seven of the early disarticulations, stated the
indications for the operation in military
surgery as follows:

1. A torn-off limb, or great laceration of the limb so
close to the upper articulation that amputation in
continuity would not be possible.

2. Fracture of the femur in the vicinity of the tro-
chanters, accompanied by a rupture of the femoral
artery or of the sciatic nerve.

3. Massive gangrene of the lower extremity extend-
ing to the vicinity of the upper articulation, as a result
of extensive wounds of the soft tissues.

At the time of the American Civil War,
these indications were still considered valid,
and Otis (63, p. 167) repeated the first two
almost verbatim. Today, however, most severe
fractures, and even many comminuted frac-
tures, of the upper end of the femur, if not
associated with irreparable vascular damage,
can be treated conservatively. Most of the
major amputations of extremities in World War
IT were the result of such extensive traumatic
injury that no improvement in surgical tech-
nique could hope to effect repair. According to
DeBakey and Simeone (72), 69 percent of the
3177 major amputations performed in the
European and Mediterranean Theaters were
due to extensive trauma (by which was meant
complete or nearly complete severance of the
limb or part of the limb), 12 percent to infec-
tion, and 19 percent to major arterial injury.
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The relatively small percentage of amputations
due solely to major arterial injury could prob-
ably now be reduced still more because of new
techniques of repair and grafting of blood
vessels. Some successful cases were reported
from the Korean War, and knowledge is
further advanced today (70, p. 155).

Statistics on the specific indications for the
56 recorded cases of hip disarticulation from
World War II (3) are at present not available.
The implications of the records seen is that
the majority were traumatic amputations. For
instance, of the 154 wounds of the hip joint
observed between D-Day and VE-Day at the
802nd Hospital Center, none was treated by
disarticulation. Regarding the incidence of
infection, there was no report of rapidly spread-
ing hemolytic streptococcic or staphylococcic
infection, such as still occurred in World
War 1 (10, p. 239). At the 802nd Hospital
Center, infection occurred in 9 of 29 injuries of
the femoral head or neck. Although these were
cases of persistent, long-lasting infection,
leading in two cases to death, no hip dis-
articulation was performed. Usually this tend-
ency toward conservatism was justified, but
in looking back, the Office of the Surgeon
General has modified this attitude in the
following statement (70, p. 245):

1. When there has been great mechanical destruc-
tion of the bone and soft parts and when retained
foreign bodies carrying fragments of clothing cannot be
removed, foci of infection are maintained for indefinite
periods of time.

2. A prolonged delay before amputation merely
results in exhaustion of the patient, so that, when the
operation is eventually performed, it often poses a
serious threat to life. ... It must be assumed that pa-
tients with large areas of mixed, penicillin-resistant
infection deteriorate every day that they live and that
their chances of survival after major surgery become
progressively less as time passes. . . .

4. Observation of numerous instances of pyoarthro-
sis of the hip joint at United States Army amputation
centers made it clear that when the sciatic nerve is
lacerated the indication for early disarticulation of the
hip is particularly strong.

Fulminating gas gangrene is still an indica-
tion for amputation, but its incidence has been
tremendously reduced by the employment of
prompt and thorough debridement and the
administration of antibiotics. It is impossible
to determine from the available statistics

whether any hip disarticulations were per-
formed because of this infection.

To sum up, in military surgery hip dis-
articulations—Ilike other major amputations—
appear to be performed today primarily when
the limb is completely or almost completely
severed from the trunk. To these traumatic
amputations must be added those cases in
which disarticulation is necessitated by major
injury to the blood vessels or to the main
nerve trunks (particularly the sciatic) and
those in which multiple foci of antibiotic-
resistant infection cannot otherwise be elimi-
nated. That the number of hip disarticulations
has not been greatly reduced in comparison
with former wars is testimony to the increased
destructiveness of modern weapons; the type
of injury which used to necessitate hip dis-
articulation can usually be treated conserva-
tively today.

INDICATIONS IN CIVIL SURGERY

The civilian surgeon has also always been
concerned with trauma, but disease, and
especially malignant disease, has played an
increasingly important role. In 1839, Velpeau
(65, p. 639) stated the indications for hip
disarticulation in peacetime as follows:

A comminuted fracture, a necrosis, caries, osteo-
sarcoma, spina ventosa, or any incurable degeneration
whatever, of the femur, extended above its shaft, or
gangrene, or any other disease in fact which has pro-
gressed nearly as high up as the haunch, and which is
of such serious character as to demand amputation,
will claim disarticulation provided the cotyloid cavity
and the bones of the pelvis are not affected.

The major change in indications from the
nineteenth to the twentieth century is best
seen from a comparison of nonmilitary hip-
disarticulation cases. It may be seen from
Figure 1 that, although many of the conditions
listed by Velpeau might today be considered
indications for hip disarticulation, they do
not in practice occur very often. Cancer is the
indication now, whereas in the early period it
was one among a number of causes. The indi-
cations given by Smith (53) for his historical
survey of cases fall into the following cate-
gories: malignancy, 13; severe crushing in-
juries, 8; suppurative diseases of the femur, 7;
tuberculosis, 4 (tubercular lesions of the bones,



EARLY PERIOD (1774-7852 )%

CANCER . 39%

OTHER

DISEASE SO0%

TRAUMA

RECENT PERIOD (1935-71957)}

CANCER 94
OTHER
DISEASE
TRAUMA
% TOTAL CASES 42
+ TOTAL CASES 146
Fig. 1. Comparison of early and recent indications for hip disarticulation in peacetime. Data for the early

period were taken from a compilation by Stephen Smith (53) of all known cases of hip disarticulation to 1852.
Wartime operations and those for which the indication was not known were eliminated. Data for the recent period
were derived from articles indexed under Amputations in the Quarterly Cumulative Index Medicus from 1935 through
1951 and in the Current List of Medical Literature from January 1952 through August 1957. Again, wartime opera-
tions and those for which the indication was not stated were eliminated.

3; tuberculoma of the thigh, 1); gangrene, 3;
miscellaneous causes ("diseases of the femur,"
"coxalgia," pain, exostoses), 7.

Four of the tumors which Smith gave as
indication were not classified by him as malig-
nant. But from the description of the course of
the disease they appear to have been, and they
are therefore here grouped under malignancy.
This is only one example of how difficult it is to
determine with any certainty what the true
indications for these early operations were.
Another example is Kerr's case (page 5).
Smith, following Kerr's own diagnosis, re-
corded the indication as tuberculosis; yet from
the description of the case it seems conceivable
that the patient had a malignant growth in the
upper end of the femur and the innominate
bone with metastases to the lungs.

Methods of diagnosis are greatly improved
today, but it is no less difficult to obtain

reliable statistics on recent hip disarticulations.
Cases that do not present striking medical or
surgical aspects are no longer reported in the
literature. In this country, unfortunately, no
survey of the total number of amputees has
ever been made, but even in countries like
Germany or Great Britain, where the govern-
ment has made such surveys for the larger
categories of amputations, no information on
the incidence of hip disarticulations, let alone
the indications for them, seems to be available.

In a literature survey covering the period
from January 1935 through August 1957,
there were reported (Fig. 1) 146 civilian hip
disarticulations for which the indications were
given. Of these, 138 (94 percent) were done for
malignancy {4,9,17,18,20,25,29,30,34,39,41,42,
45,52,54,60). Two were done for tuberculosis
(30) and one each for osteomyelitis following
an injury (24), phlegmon of thigh and general



8

septicemia following an injury (55), a suppura-
tive process (etiology not stated) of the coxo-
femoral articulation (7), actinomycosis (20),
gangrene caused by thrombosis (34), and
paralysis and contracture caused by an extra-
dural abscess (34). It is a little surprising that,
of all the reported civilian hip disarticulations,
none was done primarily for trauma. I have
myself seen one patient whose hip was dis-
articulated because of injuries in peacetime,
and I am certain that there must have been a
few others.

Fortunately, not all malignant growths,
even in the upper part of the thigh, call for
such drastic treatment as disarticulation of the
hip. In some cases wide excision of the neo-
plasm suffices to remove it entirely. The deci-
sion as to whether or not to disarticulate
depends upon the site and the type of the
neoplasm. The indications upon which modern
surgeons agree are well stated by Pack and
Ehrlich (40, pp. 966-969), and the reader
interested in these details is referred to that
excellent paper.

INCIDENCE RELATIVE TO ALL LEG
AMPUTATIONS

Comparison of the number of hip disarticu-
lations with total numbers of lower-extremity
amputations shows still more clearly how
seldom hip disarticulation is performed. It
has now become much rarer in military than
in civilian practice. During the American
Civil War (63, pp. 870-871) 86,413 wounds of
the lower extremities were recorded. In 12,605
of these cases (less than 15 percent), the
wounds resulted in major lower-extremity
amputations. Of these, 66, or 0.5 percent of
the amputations, were hip disarticulations
(Fig. 2). In World War II (3, pp. 193-194),
248,000 wounds of the lower extremities were
recorded. Of these, 12,612 (5 percent) are
estimated to have resulted in major amputa-
tion. Fifty-six, or 0.4 percent, of the amputa-
tions are estimated to have been hip
disarticulations. Thus the percentage of hip
disarticulations in relation to total lower-
extremity amputations has changed very little;
it has remained small. Both the number of
hip disarticulations and the number of lower-
extremity amputations have, however, de-

creased greatly relative to the number of
wounded.

In civilian cases the ratio of the number of
hip disarticulations to all major lower-
extremity amputations is probably somewhat
higher but still less than 2 percent. Thus, of
70 lower-extremity amputees who underwent
amputation or were treated at the University of
California Medical Center from 1941 to 1955,
only one had had a hip disarticulation (26).
Of 663 patients with major lower-extremity
amputations who have passed through the
Veterans Administration Hospital in Oakland
since the end of World War II, eight have had
hip disarticulations (26). Even the records of
an institution treating predominantly cancer
patients show a very small number of hip
disarticulations. The Bone Tumor Service of
the Memorial Center for Cancer and Allied
Diseases in New York City reported only 15
hip disarticulations from 1930 to 1946 (1), a
fact which suggests that even today this
operation is done only to forestall certain
death.

THE LONG STRUGGLE TO REDUCE MORTALITY

There was good reason why hip disarticula-
tion was not attempted, or even conceived,
until the eighteenth century. The surgical
skills which had been developed up to that
time were still grossly inadequate for an
operation attended by so much danger of
hemorrhage and shock.

OPERATIVE MORTALITY

When we consider that the operation had to
be done as fast as possible, without benefit of
anesthesia or knowledge of asepsis, it is sur-
prising how many of the earliest patients sur-
vived even a few days or weeks. Larrey (28),
who was probably one of the most skilled
surgeons of his time, has recounted cases in
which, after ligating the femoral vessels to-
gether, he completed the procedure in 14 to 15
seconds. To achieve this speed, he used only
four knife strokes. He drove a blade perpen-
dicularly between the base of the femoral neck
and the tendinous attachments of the lesser
trochanter until it emerged posteriorly and,
with an oblique downward stroke, cut the
medial flap; raised the flap proximally to expose



the articulation and with a stroke of the
bistoury cut the articular capsule; abducted
the thigh (nearly dislocating the head of the
femur) and in a stroke cut the interarticular
ligament; and with a downward and outward
stroke of a small straight knife cut the lateral
flap. The remaining arteries were then ligated.
Larrey did not consider it necessary to suture

9

the muscles. If there was no "irritation," the
subcutaneous tissues >and the skin were ap-
proximated with a few retention sutures.
The edges of the wound were further drawn
together by compresses dampened with red
wine, and a large bandage was applied.
Larrey reported that his first patient sur-
vived the operation well but a few hours later

Fig. 2. One of the few survivors of disarticulation of the hip during the American Civil War. Note the large

amount of soft tissue in the stump. From Otis (62).
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had to follow the army in a 24-hour forced
march in winter, so that he died presumably of
cold and exposure. His second patient also
seemed well on the road to recovery when, six
days postoperative, a soldier with the plague
was bedded on the same straw mat with him.
Larrey's patient became infected and died
within 24 hours.

The fate of these patients, who died not as
a result of the operation itself, shows how
difficult it is to establish the date of the first
"successful" hip disarticulation. These two,
together with others in which death occurred
within a year after operation, were in early
mortality statistics classed as fatalities.® On
the other hand, there are no verifiable records
of several of the early hip disarticulations
claimed by later authors to have been success-
ful. Otis on whose two works (62,63) the early
figures given here are based, pointed to other
frequent sources of fallacies in surgical
statistics. He said (62, p. 6):

The desire for distinction of ambitious operators
sometimes tempts them to report successful results
prematurely, and to fail to record unfortunate cases.
Feverish partizans of particular operative procedures,
in accumulating statistics, not unfrequently evince an
unpardonable disregard for the fundamental rules of
evidence, and admit testimony abounding in trans-
parent fallacies. Some writers, in their zeal to gather
together numerous observations, group those that are
very dissimilar, and deduce inferences from the collec-
tion that are pertinent only to particular cases.

He stated that in his own report the authen-
ticity of cases was scrutinized and that doubt-
ful cases were rigidly excluded (62, p. 7).
Insofar as the records of earlier operations
Otis recorded have been checked, he was
indeed conscientious; yet in evaluating his
figures it is essential to bear in mind all the
limitations of this early material.

According to Otis (62, p. 18), 111 known
civilian cases of hip disarticulation were re-
ported from Europe and America to the end
of the American Civil War. Of these, 46 were
considered successful and 65, or 59 percent,
terminated fatally. In military surgery (63,
pp. 127, 163), 254 authenticated hip dis-
articulations were reported, with 28 recoveries,

® Thus the figures that follow are not statistics of
operative or even hospital deaths alone.

225 deaths, and one result unknown—a mor-
tality rate of 89 percent. Of the 187 patients
who underwent hip disarticulation prior to the
American Civil War, 17 survived, giving a
mortality rate of 91 percent. In the 67 cases
occurring during the Civil War, 11 of the pa-
tients recovered—a mortality rate of 84
percent.

In spite of this extremely high mortality
rate, disarticulation gave better results than
did more conservative methods of treatment
for complicated fractures of the upper end of
the femur. Of 252 patients with intracapsular
shot fractures who were treated conservatively
during the American Civil War, three re-
covered, giving a mortality rate of 99 percent
(63). Fifty-five excisions of the femoral head
resulted in a mortality rate of 91 percent (63).

The mortality rate did not improve ma-
terially until well after the general introduction
of asepsis in the 1880's. In 1878, Farabeuf
(14), when presenting his method of disarticu-
lation to the Socicte de Chirurgic in Paris,
cited a still-persisting death rate of 75 percent.
The American surgeon Wyeth (67), writing
in 1890, mentioned "the terrible death-rate
after hip-joint amputation."”

Improvements in Surgical Technique

After deaths from complications of infectious
processes had been somewhat brought under
control by the general introduction of aseptic
surgical procedures, surgical shock still ac-
counted for a large number of the operative
deaths. A main contributing factor was
hemorrhage.

Reduction of Hemorrhagic Shock. The ar-
teries to the upper part of the thigh and the
gluteal region branch out from several main
trunks (Fig. 3), so that it is much more diffi-
cult to control the flow of blood for a hip
disarticulation than for a thigh or leg amputa-
tion. Methods attempted for control ranged
, from a high tourniquet placed about the upper
end of the thigh to compression of the aorta.

An ordinary touniquet is difficult to apply
satisfactorily for a hip disarticulation. Placed
about the thigh at the groin, it not only does
not control bleeding from a number of the
main vessels but it also slips out of place
easily after enucleation of the promixal end of



the femur. For this reason,
there were developed various
devices for holding a tourni-
quet in place, the best known
being Trendelenburg's (61)
and Wyeth's (67) systems of
pins. In both procedures,
long steel pins were driven
through the soft tissues to
prevent slippage of rubber
tubing used to constrict the
tissues.

Of the more radical meth-
ods for compression of the
parent trunks, some, such as
a Davy's lever introduced
through the rectum for the
compression of the aorta,
were dangerous, and they
were not always reliable (49).
Other authors recommended
making an abdominal inci-
sion and temporarily com-
pressing (32) or lifting (17)
or even permanently ligating
(6,22) the common iliac artery. The latter pro-
cedure has been recommended as recently as
1954 (18), but it is not commonly used today.
Many surgeons hesitate to add to the system
an additional shock by making an incision in-
to the abdominal cavity.

Femoral

adelphia,

In general, more conservative measures are
and have been advocated. Although initial
ligation of the femoral vessels does not provide
a completely bloodless field (because of the
many anastomoses from the obturator and
gluteal arteries), it has usually been considered
the most satisfactory method. As we have
seen, Larrey in his early operations recom-
mended preliminary ligation of the femoral
artery and vein, and regardless of the type of
incision this has been common practice to the
present day. Farabeuf (15), whose procedure
is still widely used, especially in Latin
American countries, recommended an anterior
racquet incision. The stem of the inverted Y
should be over the point at which the femoral
vessels pass under the inguinal ligament, and
the artery and vein are sectioned and ligated
before proceeding with the operation. Farabeuf
claimed that other arteries could satisfactorily
be cut and compressed by assistants as they

Tliac circumflex
External \liac.__
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Superior gluteal \ .
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Abdominal aorta
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Fig. 3. Arterial system in the hip and upper part of the thigh. Re-
drawn, by permission, from Gray's Anatomy, 26th ed., Lea & Febiger, Phil-
1954. The original appeared in Eycleshymer and Jones' Hand
Atlas of Clinical Anatomy, Lea & Febiger, Philadelphia, 1925.

were encountered and then ligated before
closing the wound. Marquardt (33) in a recent
book stated that in Germany it is considered
best to follow Angerer's two-stage procedure
(2), in which ligation of the femoral artery and
vein is done through an incision in Scarpa's
triangle one or two days before the proposed
hip disarticulation. This expedient allows the
vessels to become thrombosed so that there is
little loss of blood during the disarticulation
itself.

Finally, blood may be conserved if, after
ligation of the artery, the leg is elevated for
several minutes to allow maximal drainage to
the trunk before ligation of the vein (117,19,
25,27,40).

In addition to careful hemostasis, it is helpful
to section the muscles, wherever possible, in
the avascular areas close to the tendinous
origins or insertions rather than through the
muscle bellies. This principle, proclaimed by
Callander (8) in 1935 for his amputation just
above the knee, has been applied to hip dis-
articulations by Leriche (30), Boyd (5), Slocum
(51), and Piquinela (42). In the days when
speed of operation was the primary considera-
tion, the principle was necessarily violated.
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If guillotine operations are excluded, it is hard
to imagine a faster method than Larrey's,
but cutting each flap with a single stroke, as
Larrey did, meant sectioning the muscles
through the richly vascularized bellies, thus
contributing greatly to hemorrhage and shock.
He was, of course, caught on the horns of a
dilemma for those times, because speed, too,
was essential to lessen shock.

Other Techniques for Avoiding Shock. Even
in cases in which there has been no infection
or excessive hemorrhage, shock often occurs.
Bustos (7) gave this as reason for believing
that conditions which could cause pain played
the major role in causing shock. Gentle
handling is considered essential by most
modern surgeons. Layer-by-layer dissection,
using a scalpel, was recommended by
Petrovskii (41). Caprio (9) recommended the
use of an electric scalpel, with which he claimed
that he could carry out the whole operation
without even turning the patient over, as is
usually done.

Many surgeons have taken precautions to
avoid shock that might result from overstimu-
lation of the sciatic nerve. Since this large
nerve trunk runs through the posterior portion
of the thigh, it is ordinarily not sectioned until
the latter part of the operation and is in the
meantime subjected to a variety of tensions,
particularly after the dislocation of the femoral
head, when the half-severed limb hangs from
the trunk, connected only by this nerve and
associated soft tissue. Various methods for
overcoming this problem have been suggested
—proper support of the limb throughout
surgery to avoid these tensions (54); injection
of the nerve with procaine before sectioning it
(5,7,9,11,20,30,34,37,40,41,51); and even, in a
debilitated case, section of the sciatic nerve
(after injection with procaine) almost at the
start of the operation (7). In 1917, Morris (37),
using spinal anesthesia, began his operation by
injecting the sciatic nerve with procaine
through a small posterior incision and then
proceeded through anterior incision with what
is usually the first part of the operation. He
stated that no shock was observed during the
ensuing disarticulation.

Recently, the use of spinal anesthesia has

been questioned (40) on the grounds that hypo-
tension results, which could be dangerous in
view of the seriousness of hip disarticulation.
However, hypotension does not occur routinely
when the level of spinal anesthesia is so low
that the splanchnic nerves are not anesthetized
(43). Injecting the sciatic nerve may appear
superfluous if spinal block has been performed
prior to the operation. It seems to be done as
an additional precaution and as a means of
blocking any afferent fibers that, traveling via
the sympathetic chain, may enter the cord
above the level of spinal anesthesia.

A two-stage operation is sometimes advisable
for patients who are in very poor condition.
We have already mentioned Angerer's pro-
cedure of ligating the femoral vessels one or
two days before the disarticulation, a method
which aids in avoiding shock by reducing blood
loss. Even a three-stage procedure has been
recommended (23). In most cases today, how-
ever, the operation is performed in one stage
only.

Improvements in Adjunct Therapy

In the first quarter of the twentieth century,
great progress in several fields decreased the
risks of serious operations such as hip disarticu-
lation. More careful debridement of wounds
was supplemented by chemotherapy and the
use of tetanus antitoxin. By the end of World
War I, shock occurring in American Army
soldiers was treated by fluid replacement and
whole-blood transfusion (64).

Knowledge of the physiology and technique
of blood transfusion was greatly advanced in
the second quarter of the century. Methods of
preserving whole blood and plasma were de-
veloped, although such problems as the occur-
rence of homologous-serum hepatitis virus in
stored plasma remained unsolved and caused
considerable damage. Surgical knowledge of
the repair of fractures and of replacement of
hopelessly damaged parts of bones by grafts of
various types made conservative treatment
possible in many more cases than before. The
use of sulfa drugs and antibiotics greatly re-
duced the incidence of infection after severe
wounds. Finally, psychotherapeutic measures
to prevent psychic trauma and to facilitate re-



covery became an
surgical care.

Operative death has become rare (39), but
the extent of shock and the resulting damage
to the system continue to deserve study.

important adjunct to

MORTALITY FROM CANCER

Another mortality rate is, however, a matter
of much greater concern today. As we have
seen, most modern civilian hip disarticulations
are performed for cancer. Since at the present
time hip disarticulation is commonly not re-
sorted to until other measures (radiation, wide
excision) have failed, it often has only a pal-
liative effect. The mortality, if studied for the
S-year-cure rate, is extremely high. Of a series
of 52 patients operated upon at the Memorial
Cancer Center in New York from 1926 to
1948, 44 (85 percent) died of cancer within
five years (39).

Pack (39) and others (11,25,29) have empha-
sized that, if disarticulation is resorted to only
at this late stage, the mortality rate in such
cases will continue to be high. In a recent
study of patients with malignant disease who
underwent hemipelvectomy (an operation
comparable to hip disarticulation for the pur-
pose here), Lewis and Bickel (3/) observed:

Twelve of the 18 patients who had had symptoms
less than six months at the time of operation are still
living (two with metastases), and 4 of the 6 who had
had symptoms for six months to one year are still living
(one with metastases), while only 8 of the 25 patients
who had had symptoms for more than one year have
survived the present follow-up periods, and one of
these has evidence of metastases.

Although there is sometimes justification for
disarticulation as a palliative measure, it
would be much more desirable to employ it as a
cure. Disarticulation as a curative measure
will, however, be possible only when surgeon
and patient alike are willing to take this radical
step at an early stage of the disease.

To what extent will hip disarticulation be re-
placed by the even more drastic operation of
hemipelvectomy? Hemipelvectomy is indicated
if malignancy (or, for that matter, a severe
crushing injury or a suppurative process such
as that mentioned on page 8) has involved the
tissues proximal to the coxofemoral joint.
Leriche (30) went beyond this in 1937 when he
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predicted that hemipelvectomy would one day
be considered the operation of choice for
malignant growths of the upper part of the
thigh. Lee and Alt (29) in 1953 compared hip-
joint disarticulation with hemipelvectomy
from the point of view of anatomy and surgical
technique, extent of postoperative disability
and use of prosthesis, and therapeutic effective-
ness. They found that under modern condi-
tions there was no great difference between the
two operations so far as surgery or postopera-
tive disability are concerned, whereas hemi-
pelvectomy definitely offered better hope of a
cure. They therefore considered hemipel-
vectomy the procedure of choice for high-grade
soft-tissue or osteogenic malignant tumors of
the upper thigh as well as of the pelvis.

Not all modern surgeons go so far as this.
Coley (11) has emphasized that it is essential
to discriminate between cases, the decision
depending upon the site and grade of malig-
nancy of the tumor. Osteosarcomas and chon-
drosarcomas of the lower fourth of the femur
do not call for hip disarticulation and are
better treated by high thigh amputation, since
then considerably less disability results.

In sum, allowing a wider margin between
the tumor and the incision is now generally
recognized to be necessary to ensure elimina-
tion of all malignant cells. This means that the
level of amputation has tended to move in a
proximal direction. While some hip disarticula-
tions have been replaced by hemipelvectomy,
high thigh amputations have also been re-
placed by hip disarticulation, so that no
appreciable decrease in the number of hip
disarticulations is to be expected as a result of
this trend.

SURGICAL FASHIONING OF STUMPS

The surgical techniques of hip disarticula-
tion practiced today have evolved as a result
of this many-faceted experience. Throughout
the history of the operation, the sequence of
procedures has been dictated primarily by
cumulative experience in combating hemor-
rhage and shock. The shape of the resulting
stump has been affected primarily by the
change in indication for the operation from
predominantly traumatic to predominantly
malignant cases. To a lesser degree, the shape
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has been affected by considerations of healing
and subsequent fitting with a prosthesis.

THE LARGE SOFT-TISSUE STUMP

The large soft-tissue stump popular during
the early history of hip disarticulation (Fig. 2)
may originally have been developed through
association with a high-thigh stump. Surgeons
first experimenting with the dangerous oper-
ation of hip disarticulation may well have been
loath to cut away too much soft tissue. But
many of the early operations were actually
done by first performing a circular high thigh
amputation and then disarticulating the head
of the femur through a lateral incision
(21,49,61).

During the latter half of the nineteenth
century, many experiments were carried out
with various kinds of subperiosteal amputa-
tions, in which a cuff of periosteum was left
overlapping the end of the bone stump. Diffi-
cult as it was to perform, a subperiosteal hip
disarticulation was done several times. Origi-
nally devised by Oilier of Lyons in 1859, it was
carried out by James Shuter (50) of London in
1881. A circular amputation was first per-
formed at the junction of the middle and upper
thirds of the thigh. The vessels were ligated,
and through a longitudinal incision on the
lateral aspect of the thigh the remaining por-
tion of the femur was dissected out, leaving the
periosteum (peeled off up to the intertro-
chanteric line) in the flaps.

The advantage of this method, according to
Shuter and others who observed the patient
over a year after operation, was that the
residual periosteum provided a point of attach-
ment for the muscles and caused a growth of
what Shuter termed "new bone" but which
other observers described as "a firm resisting
cord" (50, p. 89), cartilaginous rather than
bony in character. Observers testified that this
"cord" provided such a good attachment for
the muscles that they were "in a high state of
nutrition" and that the patient not only could
flex, extend, adduct, and abduct the stump
powerfully but also could communicate all
these movements to the artificial limb. Durand
(13) of Lyons had a woman patient who, more
than four years after a similar operation, had a
regenerative process resembling a tough

fibrous stalk, which also provided an excellent
attachment for the muscles. She was able, he
stated, to lift a weight of 15 kg. with her
flexed stump.

In a modern case (24) the patient, although
apparently not operated upon subperiosteally,
was said to have had a stump with many of the
characteristics claimed for the subperiosteal
stumps. Disarticulation was done for osteomye-
litis of the femoral shaft, trochanter, and neck,
a sequel to extensive injuries of the thigh. The
femur was carefully dissected out from the
surrounding tissues, leaving a soft-tissue stump
measuring 6 in. when relaxed. It was reported
that "The muscles had become attached to
each other by scar tissue, so that there was
actiye flexion and extension of the stump if one
grasped the muscles with his hands." The
patient was able to wear a suction-socket
prosthesis, which he could flex and extend at
the hip joint "because of the fixation of the
skin and muscles to the side of the socket by
the suction exerted upon the distal end of the
stump." This method of activating the
prosthesis was compared to that used by
crustaceans in activating their exoskeletons,
and a point was made of the importance in this
case of designing the socket so that, upon
weight-bearing, the contracted muscle mass
would be properly positioned on the ischial seat
beneath the ischial tuberosity.®

About the turn of the century, subperiosteal
amputations were gradually abandoned,
mainly because of the frequency of undesirable
growths of new bone emanating from the
periosteal cuff. Apparently only a few sub-
periosteal hip disarticulations were performed.
In addition to the uncontrollability of new bone
growth, other, even more important, reasons
prevented the operation from becoming popu-
lar. One was the difficulty of stripping the
periosteum from a healthy bone. Shuter's sub-
periosteal operation was done for a suppura-
tive process of the femur, in the course of which
the periosteum had already achieved a con-
siderable degree of natural separation from the
bone. Durand did not mention a similar con-
dition in his patient, but his operation was done

® Cf. discussion of very short thigh stumps, page
15.



for tuberculosis, and possibly a suppurative
process was present. Another reason, much
more significant today, was that the retention
of the periosteum made the procedure unsuited
for any disarticulation done because of a malig-
nant neoplasm.

THE COMPACT STUMP

After disarticulation for malignancy, the
hip stump commonly fashioned today is com-
pact, with the soft tissues reduced to a mini-
mum. When involvement of the inguinal nodes
is proved, or, in certain disease, even suspected,
a radical groin dissection is also done, thus re-
moving even more tissue from the body.

Most incisions today, whether of the anterior
racquet or semioval type, start just below the
inguinal ligament and thus provide immediate
access to the femoral vessels and nerve in
Scarpa's triangle. These incisions create a long
posterior flap and leave an anterior scar that
is well removed from terminal and lateral pres-
sure areas and from any possibility of fecal
contamination before wound-healing is com-
plete. The semioval incision has the advantage
of eliminating the "handle" of the racquet,
which, if carried too far, may easily invade a
pressure area under the pelvic corset of the
prosthesis. For this reason, it would seem to be
the incision of choice for the use of the Cana-
dian-type hip-disarticulation prosthesis, as may
be seen from Figure 11, page 37. This prosthe-
sis is, however, very adaptable and can easily
be modified to accommodate a larger or smaller
amount of soft tissues (even dog-ears). Bony
prominences are not necessary to anchor it.
If the wound has healed by first intention, it is
no longer critical whether the scar lies under a
pressure area.

For further information on the modern
technique of hip disarticulation, the reader is
referred to Slocum's procedure, which is de-
tailed on pages 242-244 of his work, An Atlas
of Amputations (51). The muscles are sectioned
in the avascular areas close to their tendinous
origins or insertions. Some additional pre-
cautions against shock, as already discussed,
may be found desirable in certain cases. For
cases in which involvement or suspected in-
volvement of the inguinal nodes necessitates
radical groin dissection, Pack and Ehrlich's
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standard method (40) can be followed. A
racquet incision, with the handle of the in-
verted Y extending proximally, is recom-
mended for this procedure, which is carried out
before the hip disarticulation. The only prob-
lem here is that the large skin flaps, denuded of
all underlying subcutaneous fat, lymphatic
tissue, and fascia, are susceptible to necrosis
and sloughing along their edges. Not much can
be done about this, since in order to be effective
the procedure has to be thorough. Since the
wound does not ordinarily heal by first in-
tention, the scar, extending as it does well
above the line of the inguinal ligament, may
present problems in the fitting of the Ca-
nadian-type hip-disarticulation prosthesis.

POSSIBILITY OF SHORT THIGH STUMP

Most cases of malignancy, as we have seen,
require radical removal not only of the bone
but also of as much soft tissue as possible.
When the amputation follows trauma or dis-
ease other than cancer, however, the question
may arise as to whether to disarticulate or to
leave a very short thigh stump. The improve-
ment of artificial limbs, as well as of surgical
techniques, has made it possible to fit above-
knee amputees of higher and higher amputa-
tion level with thigh prostheses rather than
with hip-disarticulation prostheses. In 1930,
Verrall (66) stated that any stump measuring
less than 5 in. below the greater trochanter had
to be fitted with a tilting-table (hip-disarticu-
lation) prosthesis. In 1949, Slocum stated (57,
p. 402) that "When amputation approaches
the level of the lesser trochanter, the function
of this [hip] joint is nullified ..." and that
therefore a patient with an amputation at this
level or higher had to be fitted with some type
of hip-disarticulation prosthesis. The possi-
bility of fitting a suction socket depends, how-
ever, not only on the length of the residual
bone but also on the volume of the soft tissues
which provide the seal for holding suction.
Indeed, in the case of the man with a com-
pletely boneless stump (cf. p. 14), the soft tis-
sues alone enabled him to wear a suction-
socket prosthesis.

The leverage provided by even a small
segment of the femur is, of course, a great
advantage in activating a prosthesis. Tikhonov
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(59) reported interesting experiments to
lengthen a short residual femur by bone
grafts. He said that it was not possible to give
an absolute measurement for the shortest
thigh stump which could activate a thigh
prosthesis, since this length depended also on
the volume of soft tissues, which varied from
stump to stump. Instead, he gave a formula
based on the relation of length to circum-
ference. He also noted that except for extreme
cases a stump should measure somewhere be-
tween 8.5 and 13.5 cm. (3.3 and 5.3 in.) from
the perineum in order to allow for piston
action of 2 to 3 cm. (about an inch) yet still
permit the prosthesis to be moved in any
direction. For the patient with other handicaps
in addition to the very short thigh stump (such
as amputation of the contralateral extremity
or an upper-extremity amputation), Tikhonov
and his co-workers recommended that surgical
lengthening of the short stump be considered
as a means of increasing the patient's ability to
get about.

Tikhonov reported on the lengthening of
three short thigh stumps by from 3 to 6 cm.
(1.2 to 24 in.). A homoplastic graft, taken
from the diaphysis of the fibula, was inserted
into the medullary canal of the femur. After a
maximum period of observation of 10 months,
he reported that bony union had already been
achieved in two of the lengthened stumps and
that these were providing satisfactory addi-
tional leverage for activating a prosthesis.

POSSIBLE SYSTEMIC EFFECTS OF
MAJOR LOSS OF LIMB

As more patients have survived these drastic
operations and have become subjects for re-
habilitation, increasing attention has been paid
to the possible medical consequences of the loss
of so large a part of the body. The entire limb
can now be removed without great risk of
operative death, the patient can be fitted
successfully with a prosthesis, and appropriate
attention can be given to his psychological and
vocational readjustment. Then this question
arises: What is the medical outlook for such a
patient? The same kind of question has been
raised in regard to many diseases and dis-
abilities to which corrective measures have
been applied. Frequently, all of the medical

consequences of a selected course of therapy
cannot be foreseen. The physician asks him-
self: Am I doing the right thing? Will the
radiation therapy that appears so beneficial
now give rise to untold medical harm later?

In the recent literature of several European
countries, there have been raised questions
about possible systemic aftereffects of major
amputation which could hold much significance
for the rehabilitation of amputees. The answers
have proved difficult. Many of the opinions
expressed have been supported only by clinical
impressions or by studies lacking in desirable
controls. Many have been accompanied by
enthusiastic but untested hypotheses. It ap-
pears that, before this mass of information can
be evaluated properly and before definitive
answers can be obtained, the questions may
need to be rephrased and made the subject of
carefully controlled studies.

In their examinations of amputees, many
physicians have observed signs and symptoms
and have obtained in clinical tests results
which have led them to suspect that amputa-
tion is followed by an increased incidence of
systemic disease. The review of published ob-
servations made by Schulze in Germany in
1942 shows that major limb amputations had
at that time already been thought capable of
leading to a rather startling list of disorders,
including obesity, abnormally increased per-
spiration, arteriosclerosis, enlargement of the
heart, damage to the heart muscle, hyperten-
sion, pulmonary tuberculosis, aggravation of
bronchial asthma, various disturbances of the
digestive system, kidney disease, deformities
of the healthy leg and foot, joint deformities,
and worsening of varicose veins (48, pp. 72-73).
Some of these conditions are more likely to
occur after major amputation than are others.
Aside from further changes in the musculo-
skeletal system, the most frequently claimed
effects have been cardiovascular disease—
especially hypertension—and changes in the
regulation of body heat—in particular, exces-
sive perspiration. German authors have ad-
vanced hypotheses to explain the development
of these clinically observed phenomena.

Sturm appears to have been interested in
these problems since 1940 and has published
recently, with two colleagues (57), a report of



detailed clinical studies on 150 amputees. Of
these patients, 130 were at Bad Nenndorf for
a "cure." Medical histories were elicited from
them by means of a questionnaire and were
amended through interview and examination.
In addition, various tests of cardiovascular
function were made, with amputees appropri-
ately grouped, in order to show that the inci-
dence of cardiovascular abnormalities increases
with the length of time since amputation. In
an earlier paper, Sturm (56) described a syn-
drome characteristic of a few patients with
long-standing amputations of the thigh and
with a history of severe suppuration of the
stump. Examination of such a patient showed
a pale angiospastic face, a definite lability of
pulse rate and blood pressure, marked dermog-
raphism, increased reflex activity, fine tremor
of the hands, moist skin, and increased luster
of the sclera. Most of Sturm's observations
were offered in support of his hypothesis that
"vegetative regulatory disturbances" in am-
putees result from chronic hypothalamic irrita-
tion, which in turn arises (by a stated neuro-
physiological mechanism) from prolonged
infection, pain, and vasoconstriction of vessels
of the stump.

Schneider (46), who observed an increase of
systolic pressure to over 140 mm. Hg in 20 per-
cent, and of diastolic pressure to over 100 mm.
Hg in 5 percent, of 67 amputees, developed
Sturm's thesis further. He hypothesized that
pain (triggered by a neuroma, long-lasting
suppuration, deep-tissue scars, or even the
pressure of the prosthesis) could, in consti-
tutionally predisposed patients, excite the
central sympathetic area of the hypothalamus
and eventually create a central lesion with
resulting hypertonia. Schneider also pointed
out that the role of psychosomatic factors
should not be underestimated. The frustration
and resulting emotional conflicts experienced
by amputees who were attempting to compete
with normal individuals could contribute to an
early development of essential hypertension.

Another hypothesis concerns the heat-regu-
lating mechanism of the body and the changes
which result in it from the loss of a leg. Exces-
sive perspiration in high-thigh and hip-
disarticulation amputees has been frequently
observed on a clinical basis. Schroder (47) com-
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mented on the role played by the extremities
in the cooling system of the body in providing
arteriovenous shunts to direct the flow of blood
into deep or superficial vessels as needed and
in providing a large surface area for evapora-
tion. To him, the loss of a whole lower ex-
tremity would appear to mean the loss of a
valuable part of the cooling system at the same
time that extra demands on energy are being
made, with resulting excessive production of
heat. Such phenomena would indicate an un-
usual burden on the circulatory system.

These views have excited interest and
aroused controversy. Although clinicians may
observe in amputees pathological conditions
which strongly suggest themselves to be the
aftereffects of amputation, analyses of govern-
ment health records, and clinical studies based
on them, have failed thus far to confirm these
observations in amputees as compared with
equivalent nonamputee populations.

The difficulties of assessing the aftereffects
of amputation are well reflected in the reports,
annotated in Lancet (16,38), of the committee
of the Ministry of Pensions in England which
in 1950 was asked to find whether amputation
of a limb, and subsequent wearing of a prosthe-
sis, could initiate or aggravate cardiovascular
disorder and whether such amputation re-
duces the expectation of life. The interim re-
port of this committee in 1951, termed "some-
what inconclusive," revealed in living amputee
pensioners a slight elevation of the mean blood
pressure but no abnormal incidence of cardio-
vascular disease. A more detailed study of
death certificates suggested, although not to
the point of statistical significance, that pa-
tients with leg amputations died earlier, and
more commonly from cardiovascular disease,
than comparable pensioners with leg wounds
not requiring amputation. The majority report
of the committee in 1953 introduced a new
factor—calling for further committee investiga-
tion—by suggesting that men who have
suffered major sepsis, with or without amputa-
tion, have a higher late incidence of cardio-
vascular disease and an earlier average death.
The committee then arranged for the medical
examination of 5500 pensioners, of whom 4500
were to be amputees and 1000 were to be con-
trols, but unfortunately so many of this sample
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"failed to attend" that no firm conclusions
could be drawn. In 1955, however, the com-
mittee, after reviewing all of its evidence,
made the following statement (38):

Limb amputations, and the subsequent wearing of a
prosthesis do not, in time, produce effects on the body
as a whole which may initiate, or aggravate, cardio-
vascular disorders to any significant extent. There is no
material difference between the mortality rates of
amputees, by reason of amputation, and that of the
corresponding rates for pensioners who have suffered
wounds not leading to amputation. Such excess as
there is in both classes over that in the general popula-
tion is quite small.

For the German regional government of
Schleswig-Holstein, Meyeringh and Stefani
(35) sought to determine the incidence of
hypertension in 794 above-knee amputees.
They found a resting systolic blood pressure of
over 150 mm. Hg in 9 percent, which they
compared with an incidence of over 10 percent
in the "average German population."

In reviewing the articles pertinent to this
controversy, one begins to suspect that a single
careful distinction might do much to resolve it.
This distinction would be between (a) asserting
that systemic disease does occur in amputees
and is due at least in part to the fact of ampu-
tation and (b) asserting that systemic disease
occurs more frequently in amputees than in
other persons. Conceivably, the same person
who develops high blood pressure owing to
physiological stresses imposed by amputation
could also have developed high blood pressure
for different reasons of physiological stress had
he retained his leg. Whereas this explanation
would seem too simple, it is not too difficult
to imagine a complex of factors at work that
could mask from certain types of statistical
examination a true relation between amputa-
tion and subsequent disease.

It would seem a pity should too much energy
be expended in statistical quibble. The question
of relative incidence of systemic disease in
amputees and in normals is an important
question for practical reasons—such as life
insurance, pensions, and the allotment of re-
search funds. Of more moment, however, to
researcher, practitioner, and amputee alike, is
the question of how and why systemic discase
develops in amputees and whether it can be

averted in rehabilitation. Furthermore, far
from being dispensable, statistical analyses of
data obtained from groups of amputees and
from appropriate control groups would be a
tool valuable to this elucidation.

Many factors offering clues to the situation
have been taken into consideration to a greater
or lesser extent by individual authors—pre-
disposition to hypertension, prolonged sup-
puration associated with amputation, differ-
ence in level of amputation or amount of body
mass lost, age at amputation, and obesity.
Owing to the differences—or obscurities—re-
garding the selection of subjects, the use of
controls, and the criteria for systemic disease,
the results of these authors cannot be compared
satisfactorily or generalized. The possible im-
portance of activity or inactivity, the wearing
of a prosthesis, and the stresses attached to
home and work environments has hardly be-
gun to be considered from the medical view-
point of systemic disease! Investigation into
the systemic effects of amputation could lead
to conclusions beneficial not only to amputees
with hip disarticulations and high thigh am-
putations but also to amputees with less serious
disabilities and even to persons suffering from
other disorders.

SUMMARY

Hip disarticulation is a drastic amputation
used almost exclusively as a last-resort or life-
saving measure. A review of the medical
history of the operation during the last 200
years shows a number of changes. The one
with the most far-reaching implications has
been the major shift from operations indicated
by injury or by disease other than cancer to
operations indicated by malignant growth.
Better methods for controlling hemorrhage and
shock, together with progress in adjunct
therapy, have reduced operative deaths from
as high as 91 percent in pre-Civil War military
cases to none in a recent American series done
for malignancies. But the postoperative mor-
tality in cancer cases continues to be extremely
high (in the aforementioned recent series, 85
percent within five years of operation). For
this reason some hip disarticulations, when
indicated at all for cancer, may well be indi-
cated much earlier in the course of the disease



if the operation is to be therapeutic rather than
merely palliative.

The shift in indication has also influenced
the surgical shaping of the stump to the extent
that today, in contrast to earlier methods, a
maximal removal of soft tissues as well as bone
is considered essential in cases of malignancy.
In the rarer cases in which the indication for
operation is trauma or some other type of dis-
ease, it is advantageous to leave, whenever
possible, a small segment of the femur and
additional soft tissues in the stump, thus mak-
ing possible the use of an above-knee rather
than a hip-disarticulation prosthesis. With the
Canadian-type hip-disarticulation prosthesis,
the shape of the stump is not critical, because
this device can readily accommodate any
irregularities of body form.

Whether disturbances of cardiovascular
function, or of other functions such as thermo-
regulation, occur as a result of the loss of so
large a part of the body is today a controversial
subject. Although systemic disease has been
noted frequently in amputees with major loss
of limb, no controlled studies have demon-
strated convincingly that the incidence of
systemic disease is greater in amputees than in
comparable nonamputees. Similarly, hypothe-
ses that have been advanced to explain how
systemic disease develops as a result of ampu-
tation are interesting but still without sub-
stantial verification physiologically. This area
should be an attractive one for further re-
search.
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The Evolution of the Canadian-Type
Hip-Disarticulation Prosthesis

Not many people are amputees. Still fewer
people are prosthetists. Not many amputees
are hip-disarticulation cases. Hence, not many
prosthetists are interested in hip-disarticula-
tion prostheses except when occasion demands.
That just about sums up the history of hip-
disarticulation prosthetics.

A more intensive look at the picture re-
veals two more or less standard approaches
to the problem, but usually there are as many
variations as there are limbshops. The ac-
companying illustrations (Figs. 1 through 6)
indicate the practice, if not the principle, of
conventional fitting, together with some of
the variants. A study of the principles of
conventional fitting is even more revealing.
The guiding one seems to be this: Take one
standard above-knee leg and build on to it
until it can be strapped to the amputee. The
practice certainly bears this out. Even the
term "tilting-table prosthesis" suggests work-
ing from the leg up to the stump, instead of
beginning with the amputee, who properly
should be the focal point in any attempt at
rehabilitation.

This back-handed approach to problems is
not something unique among limbfitters.
The plumber is more interested in joining
pipes than he is in the water requirements
of a household. The airplane pilot is more
concerned with the trim of the aircraft than
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with the comfort of the passengers' seats.
The prosthetist's main interest lies in making
a leg he can fit on the customer, and in so
doing he has shown a considerable amount
of ingenuity. Perhaps had the variations
not been local in nature, more progress could
have been made. Many fitters have come
surprisingly close to the Canadian-type pros-
thesis, and no doubt others actually envisioned
the basic principles without achieving the
mechanical design.

Generally speaking, the hip-disarticulation
case has been considered very unfortunate
when compared with other above-knee cases.
Perhaps some of this attitude is owing to the
fact that a great many cases are not of trau-
matic origin and that therefore the life ex-
pectancy is short. In any event, the result is
that the amputee is not encouraged to expect
much from his prosthesis. The usual complaints
are mechanical in nature—rattling in the
joints and the need for frequent repair. Ac-
cordingly, most innovations in the prostheses
have been directed toward solving these
mechanical problems, and more by chance
than by design functional advantages evolved.

Conventional hip-disarticulation prostheses
are usually classified into two main categories,
the saucer type and the more common tilting-
table type.

THE SAUCER-TYPE PROSTHESIS

The saucer type of prosthesis, shown in
Figure 1, is essentially a standard above-knee
leg with a saucer-shaped socket on top of the
thigh. Suspension is by means of a single-axis
joint and pelvic band and may include fore



