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MOBILIZATION OF ANKYLOSED JOINTS!

By W. RUSSELL MAcCAUSLAND, M.D., BosTon
Surgeon-in-Chief, Orthopedic Department, Carney Hospital

INTPOYDUCTION

UCH progress has been made in the
M surgery of bones and joints in recent

years, due largely to the extraor-
dinary perfection of technical methods and
the persistent efforts of a few able leaders.
Probably no section of this field has occupied
so much interest and effort as the surgery of
stiff joints.

The best teaching, until very recent years,
dealt almost entirely with the proper position
in which a joint should be allowed to ankylose
so as to permit the best function. The shoul-
der stiff in abduction is certainly much better
functionally than the shoulder stiff at the side
of the body; the knee stiff in almost full exten-
sion is undoubtedly far less of a disability than
the knee fixed in marked flexion. And yet,
with the gradual development of surgical
technique, certain pioneers in joint surgery
have tried to increase function by different
methods.

Although the mobilization of ankylosed
joints was at first, and is even now, attempted
by only a few surgeons, several good results
arising in a sea of failures led the pioneers on-
ward to develop this new field of surgery.
Foremost among them is the late John B.
Murphy, of Chicago, to whom we pay a
tribute of admiration for his constructive
efforts founded on a vast accumulation of
clinical and scientific material. The results of
operations have been sufficiently definite so

that various methods may be presented with
the assurance that they will continue to be
more or less standard in future work. Today
Payr, Putti, and Baer, persisting in the face
of adversity, have opened this limited field of
surgery so that carefully trained operators
with highly developed technical skill can now
present results which show only a small per-
centage of failures. The risk to life is very
low and the margin of good results reasonably
certain.

ARTHROPLASTY NOT AN EXCISION

Arthroplasty, or the operation of mobilizing
ankylosed joints, is not an excision. Murphy
has well said: ‘Arthroplasty to be functional
must be stable, and excision of joints results
always in flail joints.” A flail joint cannot be
considered a proper result from a plastic
operation. Excision has no place in the sur-
gery of weight-bearing joints, save to ob-
tain ankylosis, nor would it be used in non-
weight-bearing joints if it were not that flail
joints may be stabilized by means of light
apparatus.

Those who attempt to mobilize ankylosed
joints must approach the work well trained,
must show great technical skill, and, above
all, must exercise judgment in their selection
of cases, if they would qualify for this work.

I present the subject of arthroplasty to you,
therefore, in order to stress these important
points:

1 Presented before the International Congress of Surgery, London, July 18, 1¢23.

I



2 SURGERY, GYNECOLOGY AND OBSTETRICS

1. That excision of a joint does not con-
stitute an arthroplasty;

2. That highly developed technical skill is
absolutely necessary;

3. That the judgment in the selection of
cases is very difficult.

TypEs oF ANkyLOSIS—INFECTIOUS, NON-
TUBERCULOUS, TRAUMATIC

Ankylosis is the result of an infectious
process or traumatism. The latter is usually
a fracture dislocation with wide separation of
fragments, followed by excessive callus. The
ankylosis in these traumatic cases is usually a
firm fibrous formation, although occasionally
a true bony ankylosis may result.

The infectious process may be either acute
or chronic. In the former case the causative
agent is usually the streptococcus, the pneu-
mococcus, or the gonococcus. In these in-
fections the onset is sudden, and the course
severe, ending usually in a bony ankylosis.
We may, on the other hand, have a slow, in-
sidious, polyarthritic process. The focus of
infection is situated elsewhere and the joint
condition is caused by the haemotogenous de-
posits in the joint, either of attenuated bacte-
ria or of toxins. The primary focus is often
difficult to locate. The ankylosis results from
adhesions both within and without the joint,
and is, at least at first, fibrous in character.

Murphy (120, b) believed every type of non-
traumatic joint inflammation to be the metas-
tatic manifestation of primary infection in
some other part of the body. Sometimes long
periods elapse between the primary infection
and the secondary arthritides. Gonococci
metastases usually occur in 18 to 20 days,
staphylococci in 10 to 14 days, and streptococ-
ci and colon bacilli in 8 to 1o days. These
metastatic joint infections are initiated with
a chill, and are not rheumatic in character.

The synovia is first involved; the serous
surface of the membrane is destroyed in large
and small areas. Up to a certain extent it may
be repaired. In extreme erosions subserous
tissues bridge over the spaces between the
serous erosions, and adhesions result. The
gonococcus, pneumococcus, and streptococcus
may produce this condition. Pathology shows
thick, porky infiltrations of the synovial mem-

brane, cedema of the subserous surfaces, and
injection of the surface toward the joint. The
cartilage is not affected at an early date. In
repair, the proliferated epitheloid cells become
obliterated.

CAUSES AND EXTENT OF ANKYLOSIS IN
RELATION TO M OBILIZATION

It is important to emphasize the necessity
of determining the cause of ankylosis, for it
makes a great difference whether the anky-
losed joint is the result of fracture or of dis-
ease, or whether it is congenital.

Infections, either acute or chronic, do not
constitute a contra-indication to the opera-
tion, provided that the process has not been
tuberculous or is not active. Itis well to point
out that many joints, apparently firmly an-
kylosed even by a bony bridge, may retain
active infectious agents for a year or even two
years. A tuberculous joint, even when anky-
losed firmly, may retain small walled-off foci
throughout life, and, therefore, except in cases
of great rarity, should be considered a direct
contra-indication to any mobilizing.

Certain infections cause great destruction
of bone and injury to the soft structures of the
joint. Where such destruction is extensive, or
where there is marked scarring of the tissues,
a difficult operation may be expected.

Occasionally deformity of such extent is
present as to warrant the correction of the
deformity before arthroplasty is attempted.
The hip, for instance, ankylosed in marked
flexion and adduction, will present a very diffi-
cult operative problem, unless the deformity
is first corrected by a preliminary procedure.
Marked flexion of the knee, although not so
important, may also necessitate a preliminary
intervention.

In general, I have found bony ankylosis
easier to deal with than partial or the so-called
fibrous type.

INDICATIONS AND CONTRA-INDICATIONS
FOR ARTHROPLASTY

Any ankylosed joint might be considered for
arthroplastic procedure, but there are definite
limitations, and therefore we come to have
certain fundamental indications for arthro-
plasty.
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Major joints. First, two stiff hips will in-
dicate arthroplasty on one hip, or possibly
both. Second, two stiff elbows will present
the same indication. Third, two stiff knees
will present a definite indication for an
arthroplasty on one side, at least. Fourth,
combinations of hips and knees in the same
individual, a condition not infrequently seen
in multiple arthritis, is a very definite indica-
tion for attempting to mobilize one or more
joints. The surgeon considers in all of the
above indications the anatomical and occupa-
tional status of the patient.

Minor joints. Among the lesser joints which
may be considered properly a subject for in-
tervention are: first, stiff shoulders; second,
stiff fingers; third, stiff wrist (a very rare sub-
ject for arthroplasty); fourth, the jaw, which
demands arthroplasty.

In general it may be said that definite in-
dications naturally rest with the judgment of
the surgeon, but must depend to a large degree
upon the patient. One stiff elbow, for in-
stance, in some individuals is a very slight
disability; in others, it is of supreme impor-
tance. It is necessary, therefore, that each
case be considered upon its merits and not
upon the mere desire of a patient to be able
to move a joint. There should be considered
constantly the question of whether the de-
formity may be actually the principal source
of disability, and whether, as has been men-
tioned before, correction of deformity may
not give sufficient relief to the patient.

METHODS OF TREATMENT—GENERAL SUR-
VEY PRIOR TO ARTHROPLASTY

Many means have been used to gain mobil-
ity in ankylosed joints. Previous to 1860,
brisement forcé was the general method of
treatment. It is still in use, and in properly
selected cases the results are good.

J. Rhea Barton (11), of Philadelphia, in
1826, first attempted pseudoarthrosis in the
case of ankylosis of the hip joint. The opera-
tion consisted of an osteotomy through the
femur above the trochanter and the attempt
to prevent bony union by movement. The
patient lived 6 years with a good weight-
bearing leg and some motion in all direc-
tions.

Rodgers (155), of New York, modified this
method in 1830 by removing a disc of bone
from between the trochanters. He obtained a
more satisfactory result. Bérard (13), Es-
march and Rizzoli, both reported by Murphy
(120, g), and McIlhenney (r14) used similar
methods for treatment of the jaw.

In 1880, Wolff (197) recommended a method
which he called arthrolysis, which consisted of
chiseling through and dividing all fibrous or
bony adhesions, without resection of the
articular extremities that had been restored
to their normal position. Wolff claims favor-
able results in nine cases, four of ankylosis of
the fibrous type and five of the bony type.
It is probable that he did not treat a true bony
ankylosis.

Kocher (103) suggested dislocating the
joint for a short period after arthrolysis. No
success is reported.

Actual resection has a few advocates. Good
functional results have been reported in a
proportion of cases of ankylosis of the jaw,
elbow, and hip. Koenig (104) recommended
resection in wide luxation. Textor (178) in
1843 reported a case of ankylosis of the elbow
in which there was full range of motion 6
years later. Ferguson (63) secured a weight-
bearing limb by resection of the knee. Daut-
relepont (45), Czerny (42), and others ob-
served that a new joint cavity with synovial
membrane and articular cartilage formed 3
years after resection. Sayre (161) and Defon-
taine (47) tried to fit bony ends after the
fashion of an articulation. They obtained
stability, but adhesions formed again. Dartig-
nes (44) described a trochleariform osteotomy;
he resected the joint surfaces with preserva-
tion of their form. The result was ankylosis
again. Cavazzani (29) liked to spare the bone
and soft parts for the preservation of the
physiological function. He emphasized a
transverse incision.

Painter (133) recommended excision, for in
arthroplasty he feared the extrusion of the
interposed material, or infection. Resection
cannot, however, increase function in a weight-
bearing joint, as the one essential—stability—
is lacking, and, while resection in the upper
extremity is practised and is as good as a poor
arthroplasty, it does not measure up with a
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good arthroplasty either in surgical technique
or in functional result.

Very little has yet been done in the trans-
plantation of half or whole joints. Lexer’s
(110) first case was to implant in a stiff elbow
of gonorrheeal origin the patellar surface of the
femur. The result was fibrous ankylosis. His
next step was to use a transplant of the entire
knee joint. The knee joint was fixed in acute
flexion in bony ankylosis, resulting from
articular suppuration after purulent osteo-
myelitis of the femur. He made an anterior
flap incision, the soft parts remaining in con-
tact with the flap. All lateral and posterior
coverings were detached. A new joint, ob-
tained from a limb amputated simultaneously
for senile gangrene (without phlegmon), was
fitted in. In this case he neglected to place
tissue beneath the patella, thus necessitating
a second interference. Fixation by plaster
cast from toes beyond the iliac crest followed.
Three months later the epiphyses were in firm
union, the semilunar cartilage preserved, and
the articular cartilage was smooth. A small
spicule of bone was later excised and analyzed.
The transplanted portion had become a part
of the new organism.

The second case Lexer reported was a
transplantation for bony ankylosis of a tuber-
culous knee joint. The entire joint was again
taken from a freshly amputated limb. Inboth
cases the extremity was somewhat shorter.
The knee joint was in normal extension.
Lateral motion was present in the second case.
Both patients could bear their weight well
when walking or standing. Lexer then aimed
to obtain function by muscle plastic elonga-
tion of the efficient non-atrophic muscles.

Herzberg (83) reported four cases in which
transplantation of joints was done after re-
section. Three of the cases were children.

Eloesser (60) reported a case of implanting
a cadaveric joint consisting of three inches of
tibia, fibula, and astragalus. The attendant
dropped the implant during the operation,
which necessitated heating it. Suppuration
developed and the foot was amputated. Ex-
amination showed the tibia was invaded by
new bone in all stages of formation. In a case
of implanting a finger joint from the cadaver,
35 degrees active motion and 6o degrees

passive were secured. Movement was im-
proving at the time of the report.

Goebell (72) implanted a toe joint into a
finger resected for severe arthritis deformans.
A good movable finger resulted, and the
patient, a violinist, resumed her profession.

G. T. Vaughan (185), of Washington, was
unsuccessful in replacing a knee taken from
the cadaver. The graft became the site of
suppuration.

Kuettner (106) reported two cases of im-
plantation of femoral neck and head, using
the cadaver as the source of material. One
patient walked without a cane and had con-
siderable motion. An autopsy at death from
vertebral metastasis, 1 year and 1 month after
operation, showed the joint fixed to the
femoral shaft by a narrow ring of bony callus.
The whole graft was covered by a membrane
similar to periosteum. The second case re-
mained cured 3 years and 2 months. Local
recurrence necessitated disarticulation of the
hip.

Deutschlander (52) tried transplanting in a
child of thirteen a graft containing the joint
extremities of the femur and tibia with the
greatest part of the joint capsule, menisci, and
ligamentous apparatus. Ten months after the
operation, the transplant was luxated and re-
moved.

Oehlecker (126), in 1922, reported the out-
come, after 6 years, of eight cases in which an
entire joint was transplanted into a finger. In
four cases the joint was taken from the patient
himself and in others from another person.
The results in the autoplastic cases were more
successful.

Work with whole and half joints has been
done by Sievers (169), Petraschewskaja (1 37
Katzenstein (97), and Buchmann (24).

There is much discussion in regard to the
regeneration process. Axhausen (8) in 1goy
proved that periosteum and endosteum of
implants remained alive. Eloesser (60) be-
lieves regeneration takes place in part from
the elements of the graft itself.

The cadaver material is easier to obtain
than a living graft, but infection must be
avoided. The joint is removed within 12
hours after death. The Wassermann test is
used on the blood and part of the bone marrow
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is incubated in broth. The joint is implanted
in Ringer’s solution for 24 hours. It is then
freed of all adherent tissue and muscle.

In the operation a horseshoe flap is outlined
and the bone is sawed close to the joint. The
new joint is inserted by mortising and held in
place by catgut. Traction is secured by ad-
hesive plaster strips. A plaster-of-Paris splint
is then applied. General passive motion is
instituted in a week.

This surgical procedure seems at once rad-
ical and dangerous, and has not been gener-
ally accepted. Simple arthroplasty, without
the use of bone transplants and with little use
of any foreign heterogeneous material, has
supplanted all such extravagant measures.
Their interest is chiefly historical.

Various non-absorbable materials have been
tried as the interposed material. Carnochan
(27), of New York, in 1840, inserted a piece of
wood in an ankylosed jaw. Orlow (130) in
rgor used gilded aluminum plates in two jaw
cases. Roser (158), Pupovac (144), Huebscher
(93), Hoffa (86), and others used magnesium
plates and silver. Chlumsky (33) tried zinc
and rubber, but reported no permanent re-
sults. Later he used absorbable plates of de-
calcified bone, ivory, and magnesium, but the
results, on the whole, were not satisfactory.
Gluck (70) and others inserted ivory pegs. Be-
sides these materials, celluloid, gutta percha,
and temporary packings of gauze have been
used. Foederl (65) in 1903 used animal mem-
brane or walls of ovarian cysts, but found that
they caused suppuration, and re-ankylosis
occurred.

Rechet (148) covered the ends of the re-
sected bones in various joints with periosteal
flaps.

Hofmann (87, a), in 1906, reported a case in
which he transplanted periosteal flaps from
the tibia to the resected ends of the bones of
the elbow. He obtained full extension and
flexion to 8o degrees.

Von Frisch (66) used periosteal grafts from
the tibia in an elbow ankylosed from gonor-
rheeal arthritis. Only 25 degrees motion was
obtained. The author attributed the result
to lack of after-treatment.

Greiffenhagen (75) reported three cases in
which periosteum was used in elbow joints.

A graft of joint cartilage was first used with
success by Tuffier (183) in 19o1 for a com-
minuted fracture of the upper end of the
humerus. Judet (96) doubled the cartilage
with a layer of bone.

Mauclaire (r12) used cartilage from the
astragalus to cover the rough ends. Later the
X-ray showed these fused to the bone.

Weglowski (189), in 1907, reported a case
in which he successfully used cartilage from
the rib in an ankylosed elbow.

More recently cartilage grafts were used by
Delagenicere (48) after a resection had been
done. The operation showed no advantage
over excision, as some instability of the joint
followed.

Gluck (70), in 1902, used skin flaps.

Diel (53) reported the use of reindeer tendon
and the epiploon of a rabbit in a case of
femoral-patellar ankylosis. In 1o months the
patient could walk easily without a cane.

ARMIHROBIEASIRN

History

Foreign substances are no longer used, and
since 19oo, fat, muscle, fascia, or specially pre-
pared membranes have been inserted in the
joints.

The first case of muscle interposition was
in the jaw, where immobility often interferes
with life. In 1860, Verneuil (186) interposed a
piece of temporal muscle and fascia between
the condyle and glenoid after resection. Hel-
ferich (80) and Ollier (129) developed the
technique of muscle implantation and gave it

general notice. In 1893, Helferich exhibited a
child who had regained motion in an ankylosed
jaw by use of a flap of temporal muscle.
Lentz (108), Henle (82), and others repeated
the operation, using muscle flaps. Both
coronoid process and condyle of the inferior
maxillary were removed by Bilczynski (17)
and Hoffa (86), and a flap of temporal muscle
inserted.

In 1895, Mikulicz (118) used a flap from the
masseter muscle instead of from the temporal.
Kusnetsoff (107) repeated the operation per-
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formed by Hoffa and Bilczynski, using a
masseter flap as the interposed substance.
Rochet (154) and Schmidt (165), after the
removal of the entire ramus, interposed a
masseter flap.

Operations on other joints followed those of
the jaw. In the treatment of the elbow, Quénu
(146), Albarran (2), Nélaton (123), Delbet
(50a), Murphy (120), Hoffa (86), and Schanz
(162) used flaps from a muscle contiguous to
the joint. Berger (15) in 1903 mobilized a
fibrous ankylosis by inserting a flap of the
anconeus which he sutured to the brachialis
anticus. Huguier (g4b) introduced in the
radio-ulnar joint a layer of the posterior
ulna.

Muscle flaps were then used by Rochet
(134), Nélaton (123), and Hoffa (86) in
ankylosis of the hip, and others used them in
the knee.

EXPERIMENTAL METHODS

Unfortunately the experimental work in
arthroplasties on animals has been relatively
small.

Experiments with living tissue have shown
that it degenerates or is replaced by a fibrous
tissue. Small cavities are formed during this
process. Allison and Brooks (4) found that
the end-results of simple resection of joint
surfaces without interposition of a substance
do not differ materially from cases in which
the substance was inserted.

Murphy (120, g) destroyed joint surfacesand
interposed flaps of fat and fascia. He claimed
that the fat undergoes connective-tissue
changes which facilitate the bursa formation.

Neff (122) reports only one successful case
of four arthroplasties on dogs, using free
transplants from the rectus aponeurosis.
Three cases were ruined by wound infection.
The successful operation on the knee showed
new capsule had formed connective tissue
between the tibia and femur, and that two
bursal sacs had developed.

Davis (46) in his experiments on a dog
found, at autopsy, that free fascia in the knee
joint was adherent to the end of the femur
and the material was viable. Putti(145,d)also
used free fascia, and found the substance re-
tained normal characteristics.

Kolazek (105) in five experiments on dogs
excised a portion of the capsule and inserted
homo-transplants of peritoneum. They healed
and formed no adhesions.

Sumita (175) destroyed the joint surfaces of
the knee, hip, and ankle of twenty dogs and
interposed pedicled flaps of muscle, fascia,
and tendon. The dogs were observed for
periods of 21 to 244 days. Fibrous tissue and
small cavities had formed, but the largest
cavity measured only 1.5 centimeters in
diameter.

Bolognesi (20), in a long series of experi-
ments, followed the process of formation of
periarticular nearthrosis. He believed that an
enarthrosis or a true diarthrosis can be formed
only when a foreign element is interposed, and
that the means of covering the cavity had
origin in the cartilage of the neoformation
which covered the free fragments of the
fracture.

Segale (167), in 1913, in experiments found
that the joint capsule in a rabbit or dog repro-
duces itself from the surrounding tissues and
forms a new capsule which limits the joint
cavity and contains synovia. The reproduc-
tion of the joint surroundings is closely con-
nected with the operative technique which
provides for the preservation of those parts
which assure a correct joint mechanism.

Ely (61) experimented on nineteen dogs,
using no interposing material. Bony ankylosis
developed in one case in 432 days.

Hohmeier and Magnus (go), in a series of
experiments on dogs, found the end-results
were the same with or without interposing
substances.

Beye and Steindler (174) experimented on
dogs and found no adhesions formed after
mere scraping of the cartilage covering and
inserting of fascia. Pedunculated muscle
fascia was transformed into a connective-
tissue pannus adherent to denuded areas of
bone. There was complete transformation
into connective tissue and no traces of original
muscle fibers existed.

Experiments were then made using non-
absorbable materials, but they were discarded.

Allison and Brooks (4) found that the
chromicized pig’s bladder suggested by Baer
caused reaction in the surrounding tissues,
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and adhesions formed. They experimented
with silver impregnated fascia and found
relatively little reaction in the surrounding
tissues.

Phemister and Miller (139) obtained similar
results in the elbows and knees of dogs, with
or without the interposition of free or pedun-
culated flaps. The flaps largely broke down,
and the resulting joints were alike in the three
types of operation. They did not see how any
appreciable amount of nutrition can be fur-
nished by the circulation through the pedicle.
They believed that the circulation in the sur-
viving portions is through adhesions to the
parts with which they come in contact.

PrRESENT CLINICAL METHODS

The methods in use today, as outlined by
Murphy (120), Payr (134), Baer (g), Allison
and Brooks (4), Putti (145), and the writer
(111), have in common the exposing of the
joint surfaces, modeling of the bone-ends after
the conformation of the normal joint, and
the interposition of a substance to obstruct
effectively bony union. They differ particu-
larly in the substance interposed.

The two essential features of the Murphy
treatment are the interposition of the pedicled
fat and fascia flap and the application of
traction. Murphy (120) emphasized the in-
clusion of the fat, as he believed it essential to
a new joint foundation. It was his belief, too,
that the flap was nourished through the
pedicle. His technique in the different joints
varied, not in principle, but as necessitated by
the different joints. It will accordingly be
treated later under each joint. The writer
believes that pedunculated flaps are entirely
unnecessary, and when covered with fat they
interfere with the highest technique.

Baer (g) objects to the interposition of
muscle or fascia for several reasons. He main-
tains that the structure of the joint is inter-
fered with when a bulky substance is inserted;
that too large an excision is required; that, if
too little muscle or fat is interposed, ankylosis
results; that the pain is severe, due to the
pressure on the nerve-endings; that the motion
obtained is generally unnatural in character;
and that periarticular tissues are interfered
with.

Baer advised chromicized pig’s bladder as
the transplanted medium. It is thin and
flexible and conforms accurately to the sur-
faces of the modeled bones, and is tenacious
enough to withstand disintegration for a pe-
riod of from 6o to 100 days.

The use of Baer’s membrane has not become
universal on account of numerous failures and
sloughing out of membrane, often weeks and
months after the healing of wounds. Allison
and Brooks (4) found that with Baer’s mem-
brane the reaction of the surrounding tissues
was of such intensity that adhesions formed.
In 1913 they recommended the use of silver
impregnated fascia from which there was rela-
tively little reaction.

In the use of the “free flap” as the inter-
posing material, there is an opportunity to
obtain the correct size, to determine the
presence of a bursa, and to secure a good layer
of fatty tissue. Putti (145) states that fascia
will live after transplantation; there is, there-
fore, no need to use pedunculated flaps. He
believes that the free fascia grows and is trans-
formed into a tissuelike thesynovia. He covers
the epiphysis completely with free aponeurotic
flaps from fascia lata. One difficulty he has
met in the use of these flaps is necrosis of the
edges, a condition existing even in satisfactory
cases.

Putti has been particularly successful in his
operations on the knee. I shall treat his
technique under the division on the knee
joint.

Payr (134, b) advises the careful extfrpation
of the capsular tube leading to the nerve-
endings; the removal of the masses of con-
nective tissue is not enough. Under the influ-
ence of the rapidly resumed function, there
develop in and between the interposed soft
portion (fat or fascia, etc.) at first multiple,
and later connected interstitial spaces which
finally form a joint space. A new satisfactory
capsular tube is formed out of the periarticular
connective tissue in which other accessory
ligaments may develop by simple mechanical
exercises. The new joint contains a synovial-
like fluid.

Payr has obtained the best results with
pedunculated flaps and freely transplanted
fat. Inall cases Payr has found that the opera-
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tion has increased the breadth of excursion of
the joint motion. Patients with an ankylosed
knee, leaving the hospital with 65 degrees ac-
tive mobility, showed go degrees or more after
a year or so. The movement is usually
smooth and painless. The X-ray showed the
newly formed joint to be smooth and sharply
defined; there are no free bodies. From a func-
tional point of view also the new joints are
satisfactory. He advises being careful in oper-
ating for ankylosis of tuberculous origin.

Payr’s technique is recommended by Wol-
lenberg (196), who, however, warns against
the general use of arthroplasty, as too often
mobility is purchased at the cost of an un-
stable joint.

The writer (111, a) first used free fascia in an
ankylosed elbow in 1908. In 1914 four cases
of free fascia transplants with excellent stable
joints resulting were reported before the
Orthopedic Section of the American Medical
Association in Detroit. A series of thirty-one
cases of elbow arthroplasties was reported in
1921.

Ritter (reported by Thom, 179), Behn, re-
ported by Harris (79), Kirschner (roo), and
others have also used free flaps.

ELBOW

Most joints, when stiff, can be placed in a
position to function well. The position in
which maximum function is obtained in the
elbow is near go°, and many surgeons ad-
vocate it in preference to a mobilized joint.
But ankylosis of the elbow joint, even at this
most satisfactory angle, has very objectionable
features.

While function may be present if the elbow
joint is ankylosed in flexion, it is never good
function, and the arm is always in the way.
Usually, too, ankylosis is found in extension of
about 160 degrees, in which position the arm
is awkward, although not unsightly. Given,
then, an ankylosis of the elbow joint from
any cause except tuberculosis, some type of
mobhilization operation may be considered
indicated.

Resection, which is performed for the
tuberculous joint in adult patients, is the
operation which is usually thought of first.
The results from this procedure are very un-

satisfactory, as the joint becomes flail, weak,
and usually requires external support in the
form of a leather armlet with limited elbow-
joint motion. Excision, therefore, is rather
a crude surgical procedure, and the ultimate
results from its use do not warrant its being
considered for any condition except tubercu-
losis of the elbow.

For many years the writer has been working
to improve the method of procedure in these
cases, and has found that, with each improve-
ment in the technique, a definite improvement
in the function of the elbow-joint motion is
obtained, until finally the operation which is
at present employed, namely, a true arthro-
plasty, has been evolved.

A good arthroplasty gives a smooth gliding
joint, so frequently emphasized by the late
John B. Murphy. The range of motion is
excellent, the strength approaches normal, the
stability is normal, and the joint is painless
and tends to stand rather severe work without
showing arthritic changes.

To my mind, therefore, the operation of
arthroplasty on the elbow is to be considered
in a different category from the old operation
of excision. However, I wish to emphasize
four important points: first, the necessity for
the proper selection of the case; second, care-
ful preparation for operation; third, strict ad-
herence to the technique of the operation;and,
fourth, proper after-care. No arthroplastic
method should be attempted until 2 years
after an infectious process has been quieted
down, and until at least 1 year after a trau-
matic ankylosis. These two groups include
fractures, infectious arthritis, and a few
neisserian joints.

Ankylosis of tuberculous origin requires
other treatment, and arthroplasty is indicated
in only the most unusual case.

There have been more arthroplasties on the
elbow than on any other joints. One of the
early cases of arthroplasty using a muscle flap
was reported by Albarran (2). Ankylosis had
followed operative reposition. A partial re-
section was done by which a good immediate
result was obtained, but later ankylosis oc-
curred again. A third operation was under-
taken, which consisted of a resection of the
olecranon and interposition of a muscle-fascia
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flap of the triceps. After 2 years there was a
range of motion from 65 to 115 degrees.

Nélaton (123), in a case of ankylosis follow-
ing neisserian infection, resected an elbow and
interposed a flap of the brachialis anticus.
Two years after the operation, flexion and
extension were normal, but pronation and
supination were much decreased. Active ex-
tension required the weight of gravity.

In 1903, Quénu (146b) reported an arthro-
plasty of the elbow for an ankylosis following a
severe trauma of the arm, consisting of a
fracture of both bones of the forearm and
destruction of the soft parts. After resection
he interposed a tendon fascia flap. There re-
sulted flexion to a right angle and good but
incomplete extension. There was good pro-
nation, but difficulty in maintaining an inter-
mediate position. The patient died of pul-
monary tuberculosis a few months after the
operation.

Delbet (50, a) also reported mobilizing, in a
girl of six, an elbow which had become anky-
losed in infancy, resulting in complete atrophy
of the arm. At his first operation he resected
the joint without breaking up the ankylosis.
Two months later, after re-ankylosis, he inter-
vened again, removing the bony spicules that
had formed o.5 centimeter thick, from the
humerus, radius, and ulna. Some fibers of the
flexor carpi ulnaris were interposed. Chloro-
form mobilization was necessary a month
later, but the final result was good, with
flexion to a right angle and extension nearly
complete.

Schanz (162), in 19o4, reported a mobiliza-
tion of a bony ankylosis following rheumatism.
After chiseling through the joint, he enlarged
the sigmoid fossa, removed a piece of the
trochlea, and interposed a flap of fat from the
under side of the forearm. Three months after
the operation the arm could be used for
ordinary purposes.

Murphy (120, a) first mobilized the elbow by
his method in 1904, in a case of ankylosing
arthritis. A pyriform flap of deep fascia was
dissected from the posterior surface of the
triceps. The flap was 412 inches long by 2
inches wide at its upper end, and received its
blood supply from a broad pedicle which re-
mained attached to the muscle and fascia just

below the level of the olecranon. After the
bony parts had been remodeled, the fascia was
drawn down and turned into the joint around
the inner margin of the olecranon. The
proximal portion of the flap covered the
trochlea, lined the olecranon depression and
the lesser sigmoid cavity, while the distal
portion covered the external condyle. Subse-
quent events showed that the flap was not
carried sufficiently high on the anterior surface
of the humerus to permit adequate flexion of
the joint. Five months later, the patient
could pass his hand through an arc of 5 inches.
Pronation and supination were about one-half
normal. His second case was reported 2
months after operation. The hand could be
moved through an arc of 3 inches and the
elbow forcibly flexed to an acute angle and
extended to 160 degrees. Pronation and
supination were approaching normal.

Hoffa (86), in 19006, reported a series of
arthroplasties, seven of which were on the
elbow. One, using a magnesium plate, was
unsuccessful, owing to formation of gas in the
joint. A fistula resulted which closed only
when the plate was removed. The operations
in which fat, fat and fascia, and fascial flaps
were used were all successful. In two of them,
ankylosis followed scarlatina; in the others,
gonorrheeal infection.

In 1905, Quénu (146, c) reported a third case
in which there was great atrophy of the mus-
cles. He used for a flap the inner part of the
triceps sutured to the anterior ligament.
Passive movements were begun in 1o days,
and later electrical treatment was used. As
active movement was incomplete at the end
of 2 months, he made a second intervention to
recover a part of the tendon of the triceps, of
which a large portion had been sacrificed. He
cut the portion interposed close to the bone.
He could then ascertain that there was no
adherence between the superior surface of the
interposed segment and the inferior cut sur-
face of the humerus. The same condition
existed on the inferior surface. The tendinous
segment had left a distinct cavity. The
tendon of the triceps was sectioned and re-
inserted on a little fibrous flap previously dis-
sected on forearm. Patient gained not quite
complete extension, and flexion to right angle.
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Dupuy (56), in 1905, reported five arthro-
plasties. Three were done by Jeannel, one by
Kirmisson, and one by Launay. Jeannel used
flaps of the brachialis anticus; Kirmisson, of
the biceps; Launay, a flap from the anterior
ligament and the brachialis anticus. In all
cases good results were obtained.

Huguier (94, a), in 1905, reported two cases
operated on by Nélaton with the interposition
of a muscle flap. In one case he gained good
motion. Huguier reported a third case by
Ombrédanne, using the same method.

Pereira (135), in 1906, in an unreduced sub-
luxation, resected the ends of the bones and
interposed a flap of triceps muscle, with an
almost perfect functional result.

Scudder (166), in 1906, 1907, and 1908, re-
ported several successful cases in which he
used Murphy’s method.

In 1907, Bazy (12) reported a case in which
he used a flap from the brachialis anticus.
Nine months later, the function of the arm
was almost perfect.

Ameyaga (5), in 1907, brought his method
of treatment to general attention. The two
main factors of his technique are the forma-
tion of a new socket in the humerus and the
firm grasp of the humerus by the hook of the
ulna. One difficult case he reported had a good
success, the patient in 3 years working in a
factory and carrying heavy weights.

Stein (173), 1907, cited three successful cases
from Bier’s clinic. Triceps flaps were used.

Wiener (194), in 1909, treated an elbow
ankylosed as a result of fracture. A flap of
fascia and subcutaneous fatty tissue from the
triceps was inserted. Twenty days after
operation, he broke up the adhesions. Eight-
een months later, the patient could carry
heavy bundles, and motion was improving.

Huguier (94, b), in the same year, mobilized
an elbow, using a flap of brachialis anticus.
In 16 months, the patient could touch his
shoulder with the hand and extend the fore-
arm to 150 degrees.

Cifuentes (35) reported, in the same year, a
similar arthroplasty in which, 1 month after
the operation, he obtained a good functional
result, with normal movements.

Reiner (149), in 1910, reported a series of
twenty-eight arthroplasties, twenty-five of

which were given in full, with the after-
results. Two others, recent cases, were re-
ported with good immediate results. In three
cases the histories were unknown. Of the
others, nineteen had useful arms, although one
was a flail joint which lacked power, but could
be controlled by the muscles. The poor re-
sults in the other cases were due to extreme
atrophy of the muscles, and to extensive re-
section of the diseased tissue. Re-ankylosis
occurred in two cases. In one, it was due to
operation too soon after trauma, a fracture
luxation, and lack of after-treatment. In the
other case, Reiner attributes the result to the
disease, myositis ossificans.

Thom (179), in 1910, reported a case of
ankylosed elbow operated on by Ritter. He
used freely transplanted fascia lata as an insert
after the parts had been made freely movable.
On discharge there was 65 degrees flexion
and 100 degrees extension. Pronation and
supination, which were very slight before the
operation, were unchanged.

Wille (195), in 1911, interposed supinator
longus fascia, with good results, gaining 93
degrees motion.

Osgood (131), in 1911, reported a case of
elbow operation, using Baer’s membrane.
Four months after operation, extension was
complete, there was voluntary flexion to 120
degrees, and a little more than normal ‘“lat-
eral mobility.” (Just what Osgood means by
“lateral mobility ”’ is hard to understand, as a
good arthroplasty has none.)

Whitman (193) reported two cases of
arthroplasty of the elbow in which he used
Murphy’s method.

Edmunds (59), in 1912, reported an elbow
ankylosis following fracture, in which this
method was also used. At the time of the
report, active motion was not possible, on
account of the great atrophy of the muscles.

Denk (51) reported two of von Eiselberg’s
cases, in which elbow joints were mobilized
with free fascia transplants, with good func-
tional results.

Neff (122) reported a case in which he inter-
posed a pedunculated triceps aponeurosis flap
between the humerus and ulna and the radius
and ulna. Seven months after the operation,
there was active painless motion of 180 degrees
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and 3odegrees, and only slight lateral mobility.
The joints of the wrist and hand, which were
previously partially ankylosed, regained from
one-third to one-half their normal range of
mobility, with the return of function to the
elbow.

Delbert (49), in 1912, reported having done
nine resections of the elbow with articular
grafts. Most of these were too recent to
determine the results, but he reported in
detail two cases of a year’s duration in which
the results appeared to be permanent. In one
of these, he used cartilage from an ankle joint;
in the other, cartilage from an elbow. Both
gave good functional results.

Chaput (32,a) reported three cases in which
he resected from the thigh a flap of fat the
size of the palm, and encapsulated the lower
end of the humerus with it, suturing it to the
neighboring muscles by anteroposterior and
lateral sutures.

Conrad (37), in 1912, published a disserta-
tion on the use of muscle flaps as interposing
material. Ihave been unable to obtain a copy
of this thesis.

Pomponi (141) advocated the use of a
pedunculated fascial flap by the method of
Durante. He cited one case in which he
gained complete pronation and supination,
nearly normal extension, and flexion to 6o
degrees.

Murphy (120, b) reported twelve arthro-
plasties on the elbow, using pedunculated fat
and fascia flap.

Mauclaire (112) mobilized an elbow, using
cartilage from the astragalus to cover the
defects. One fragment was put on the lower
end of the humerus and another between the
radius and ulna. A roentgenogram later
showed these grafts fused to the bone.

Putti (145, a), in 1913, reported his arthro-
plasties to date. These included twelve elbow
cases in which he used Kocher’s incision and
a free flap of fascia lata. He obtained stable
joints, with a useful degree of motion.

Roepke (156) reported ten cases of ankylosis
of the elbow in which he did arthroplasties,
using free fat flaps to interpose between the
joints. He advised against beginning passive
motion too soon. One case of arthritis
deformans was shown in 1911 before the

Medical Society of Jena. In others, the
ankylosis had resulted from trauma, neisserian
infection, and tuberculosis.

Exner (62) reported a case 14 months after
an arthroplasty in which a free flap of fascia
lata was interposed. The arm was somewhat
unstable, but gave good function. The patient
could lift heavy weights. At the same time
Pupovac reported a second case by the same
method.

Darling (43) reported an arthroplasty with
the use of a pedunculated flap done in the
presence of active infection. The immediate
result was good.

Harris (79), in 1914, reported two elbow
cases by the Murphy method. In one he
gained 75 degrees motion. In the other there
was 6o degrees motion.

Turner (184) reported an arthroplasty of
the elbow for an ankylosis following a severe
osteomyelitis. There had been a musculospiral
paralysis from which the patient made a per-
fect recovery. The elbow had entirely healed,
but, at the time of operation, a small area of
latent infection was found. Turner used a
posterior skin incision and inserted a flap of
fascia lata. The elbow was put up in exten-
sion. The next day there was a recurrence of
the paralysis with signs of local infection.
Later, fearing re-ankylosis, he manipulated
the elbow under ether into extreme flexion.
Six months later, the boy had motion from
50 degrees to 120 degrees, and a useful arm,
though the muscles were still atrophied.

Murphy (120, ¢), in the same year, cited two
cases operated on by his usual method. One
patient left the hospital in 5 weeks, with free
flexion and extension within an arc of about 45
degrees. The other patient, one year after
the operation, had motion to 120 degrees.

Vulpius (188) prefers pedunculated flaps,
but also uses free flaps of fat, or fascia and fat,
or Baer’s membrane.

Durante (58), in 1914, interposed a flap of
the sturdy aponeurosis taken from the fore-
arm. This method is indicated particularly in
extended and hyperextended ankylosis and in
cases at a right angle.

Simon (171), in 1914, in operating for
ankylosis in a position of extension of about
170 degrees, used a longitudinal incision and a
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pedunculated flap from the fascia of the upper
arm. The result was the ability to bend the
elbow almost to a right angle and to extend it
at least to 170 degrees.

Payr (134, a) emphasizes the importance of
removing the capsule, or at least the synovia
as well as the fibrous cartilage. He has met
with secondary dislocations and loose joints
only in some of his first knee cases. The initial
gain in motion is preserved, or even increased,
with use. He had trouble with persistent
swelling, especially in cases where this had
existed for a considerable time before opera-
tion, or had been marked. He believes con-
valescence is shortened by waiting until the
swelling has subsided. If re-operation is
needed, he advises waiting at least 6 months.
In 1914, his first case was 4 years old. He re-
ports twenty-two arthroplasties, of which
three were elbows, one with a good result and
two with very good results. He believes that,
if the indications are correct and the technique
and after-treatment good, a favorable result is
to be expected in 70 to 8o per cent of the
operations.

Pupovac (144) reported a case of a girl of
nineteen whose elbow had become ankylosed
A nze demrees g8 fhe mesull of a severe
arthritis. He did an arthroplasty, using a
posterior incision and a free fascial flap, and
gained motion from 105 degrees to 140 de-
grees. Five months later, he reopened the
joint and removed some exuberant bone that
united the humerus with the ulna. He gained
70 degrees to 130 degrees motion.

Davis (46) thinks that we should be con-
servative about opening a joint ankylosed by
tuberculosis. He finds the elbow one of the
most satisfactory joints for an arthroplasty,
as well as for an excision, but the results with
the former are much more satisfactory. An
excision requires the removal of 1 to 1.5 inches
of bone to ensure movement, but, with an
arthroplasty, only sufficient bone need be re-
moved to interpose the flap, and it is almost
certain to give a stable joint. He used two
pedunculated flaps, one from either side. The
joint, he believes, should have drainage.

Murphy (120, a) reported in 1915 a case of
ankylosis following fracture. The elbow was
ankylosed at about 150 degrees with a few

degrees of motion. Seven weeks after opera-
tion, there was good pronation and supination,
and perfect freedom of motion.

Ashhurst (7) uses an incision along the
external supracondylar line and the external
condyle, detached from the humerus with an
osteotome. A pedunculated flap is inserted,
and the external condyle replaced by means of
a Lambotte self-boring screw. He reports five
cases. In these cases there were three good
end-results. One case had a flail joint with
very slight power of extension. The fifth case
had a limited motion, but the patient refused
forcible manipulation.

Gilbert (68) cited a case of dislocation of the
elbow which had existed 3 months. Good use
of the joint was obtained after a Murphy
arthroplasty.

Tubby (182, a) reported one elbow case in
which he used a muscle flap. At the time of
the arthroplasty, insufficient bone was re-
moved and re-ankylosis took place. Eight
months later, he did a secondary operation to
remove the mass of new bone. After this
intervention, all movements were free, but the
elbow was slightly flail.

Chaput (32, b) reported a case of arthro-
plasty for ankylosis following luxation of the
elbow. He used two lateral pedunculated flaps
and sewed the skin up tight. The arm was
put up in a sterile dressing in extension. The
following day the arm was flexed, and flexion
was complete and vigorous. He attributes the
good result to sewing up the wound without
drainage and to the immediate mobilization.

Graff (73) described a case in which he inter-
posed a flap of triceps muscle with almost com-
plete return of normal motion.

Kennedy (¢98) cited a case in which a
pedunculated flap was used. The end-result
is not reported.

Murphy (120, d) reported a case showing
perfect motion 7 months after arthroplasty
for ankylosis from a fracture. A second
ankylosis from tuberculosis showed a good
end-result.

Whitman (193) exhibited before the New
York Surgical Society a case in which an
arthroplasty had been done for a fibrous
ankylosis following tuberculosis. Four years
before, an arthroplasty had been done using a
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pedunculated flap. At the second operation,
the fibrous ankylosis was found to have be-
come bony. Whitman used a flap of fascia lata
at this operation. He believes that, in an
ankylosis following tuberculosis, a free fascial
transplant is essential to success, as the
tissues about the joint are atrophied. His case
showed a perfect end-result, with normal
flexion and 165 degrees of extension.

Brown (22) gained 8o to 150 degrees of mo-
tion in an arthroplasty by the Murphy
method. The arm had been ankylosed in ex-
tension following acute metastatic arthritis.

Rovsing (159) reported before the Northern
Surgical Society two successful cases in which
the Murphy method was used. The ankylosis
was the result of fracture. In the discussion,
Bergman and Haglund expressed the opinion
that mobilization of the knee should not be
attempted.

Moszkowicz (119), in his report in 1916 on
his operation on war injuries to joints, gives
among other cases six elbow arthroplasties.
In all of these a useful degree of motion was
gained.

Ringel (151), in 1916, mobilized five cases of
complete ankylosis of the elbow and implanted
fat and fascia flaps. One good result was ob-
tained; three cases were being treated when
he reported, and in the other case suppuration
developed.

Four cases of mobilization of the elbow, in
which flaps of fat were interposed, were re-
ported by Werde (19o), in 1916. He obtained
normal motion in all cases.

Steindler (174), in 1916, reported two opera-
tions. In one of ankylosis of the humerus, a
pedunculated muscle flap was used. Mobility
was good as long as the patient was under
observation. The end-result is not reported.
The other case followed fracture of the head
of the radius, resulting in partial ankylosis. A
pedunculated fascia flap was inserted. In two
weeks range of motion was about normal.

Crosti (41), in 1916, presented a case in
which he had interposed an aponeurosis flap
taken posteriorly from the forearm. Complete
bony union at an angle of 130 degrees was a
result of fracture from a shell. There was a
vast amount of cicatrix. The olecranon was
temporarily detached according to Durante’s

process. To ensure pronation and supination,
he interposed a small muscular flap between
the radius and ulna according to the process
of Huguier. The olecranon was nailed in
place. Movements were started in 1o days.
In 8 months there was complete active exten-
sion, flexion at an angle of 40 degrees, good
movement, pronation was somewhat fettered,
and supination was restored.

Plummer (140) reported two arthroplasties
in which he used pedunculated fat and fascia
flaps. One of his cases became infected, and
subsequently a portion of the end of the
humerus had to be removed. The resulting
joint was somewhat flail, but gave good func-
tion. His second case also had good motion,
but facility for moving joint was not good.

Ryerson (160) gives in detail his operative
technique in arthroplasty on the elbow joint.
He uses a long posterior incision, avoiding
the olecranon. The triceps tendon is cut and
a thin shell of bone is removed from the ex-
ternal condyle, taking the origin of the ex-
tensor with it. Then a shell from the internal
condyle is removed. The joint is dislocated.
After it is remodeled, a flap of fascia lata is
interposed.

Thomson (180) reports the end-results in an
elbow arthroplasty by the Murphy method.
Ankylosis was the result of sepsis following a
fracture. Seven months later, elbow motion
was good, but somewhat restricted. His
successful cases have all been traumatic. He
believes that neisserian infection is a contra-
indication to arthroplasty, as it stimulates
bone formation. Tuberculosis is also a contra-
indication, on account of the recrudescence of
the disease.

A brief mention is made by Prando (142) of
a case using a modification of the Murphy
method. He did not use an Esmarch bandage,
and enveloped the ulnar nerve in a flap of
muscle taken from the triceps. He is satisfied
with his results. He also reports a case in
which Padman followed the Murphy method.
Satisfactory motion was obtained, but later
the joint re-ankylosed. Prando believes that
the Murphy method is very good, although it
cannot be so successful as orthopedic re-
section, on account of the great danger which
the slightest negligence involves.
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Ceccarelli (31) used strips of fascia lata in
an arthroplasty on a post-traumatic ankylosed
elbow. The end-result was perfect flexion,
extension to 165° and almost normal pro-
nation and supination.

Olivieri (128) reports two arthroplasties
with interposition of strips of brachialis anti-
cus. The end-results were perfect.

Hohmann (89), in 1918, reported five elbow
arthroplasties in which he inserted part of the
triceps with good immediate results. Lange
at the same time showed six cases in which
useful joints were obtained and the patients
were enabled to resume their old occupations.
He used fat or muscle flaps.

Baer (9,a), in 1918, reported having done to
date three arthroplasties on the elbow joint.
In one, re-ankylosis occurred, one patient
died, and the third showed 25 degrees motion.
Hebelieves that the elbowis the least favorable
joint for arthroplasty, and that the success
from the interposition of muscle or fascial
flaps is due to the amount of bone removed
rather than to the flap itself, and that these
operations are in fact only excisions. In the
discussion of this paper, Galloway and Frei-
berg express the opinion that an arthroplasty
has no advantage over an excision. Davis
states that with an arthroplasty a more stable
joint is obtained.

Albee (3) uses a vertical incision directly
over the olecranon. After retracting the ulnar
nerve and dissecting the soft tissues, he saws
through the olecranon from within outward.
He remodels the joint and interposes a flap of
fascia lata containing as much fatty tissue as
possible. The arm is put in plaster at right
angles. After 1o days, passive motion is
begun.

Henderson (81), in 1918, tabulated the end-
results of the forty-three arthroplasties done
at the Mayo Clinic. Twenty-one of these were
on the elbow. He found the prognosis most
favorable in the jaw and next in the elbow.
The knee was the most unfavorable position.
In reports from other surgeons he found a
general agreement as to prognosis.

Kleinschmidt (102), in 1919, demonstrated
two cases in which he secured mobility, using
Payr’s method. One case of complete ankylo-
sis had resulted from a shot wound and the

other from acute rheumatism. Good active
and passive motion to a sharp angle were
secured, extension was complete, and prona-
tion and supination amounted to 6o degrees.

Grange (74), in 1920, used a flap of fat from
the posterior surface of the triceps and a piece
of cargile membrane on each side of the flap
in an arthroplasty for complete ankylosis of
the elbow at an angle of go degrees. The
joint was reached through an incision 4 inches
long on the outer and inner side of the joint
and a transverse incision across the arm above
the olecranon. The ulnar nerve was dissected,
the triceps muscle divided, and the humerus
exposed. Flexion of 30 degrees beyond a right
angle and extension of 45 degrees from a right
angle were secured. The pronation and supi-
nation amounted to about 30 degrees, due per-
haps to too little excision of bone.

Kerr (g9) cited a case of complete ankylosis
of the elbow following arthritis. He used
Kocher’s incision and inserted periarticular
fascia. The result was a movable, useful
joint, with no atrcphy of the muscles.

Verral (187), in 1920, described his method
of operation. He makes an eight-inch incision
along back of the elbow. The triceps tendon
is divided in two layers to overlap when
sutured. A fascia flap is sutured over the end
of the humerus. The elbow is put at about
120 degrees.

Rocher (153), in 1920, applied Putti’s
technique, using a flap of aponeurosis fascia
lata in operating for a case of fibrous ankylosis
of the elbow in an almost rectilinear position.
He secured a perfect functional result of
voluntary flexion to 8o degrees and pronation
of 45 degrees.

Silfverskiold (170), in 1922, reported an
arthroplasty, using flap of fascia lata. In
eight months the patient showed full active
capacity for flexion and extension.

Campbell (26,b) has just published his
method for arthroplasty of the elbow, which
is evolved from his method for reduction of
old dislocations. An incision 6 to 8 inches
long is made on the posterior aspect of the
arm and forearm. The skin and fascia are
incised and the deep fascia dissected laterally
about one inch. The suture is then dissected
downward, making a long tongue flap.
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133, 2,
nerve.

Fig. 1. Line of incision used by
the author.

Through a further incision the periosteum is
stripped from the lower third of the humerus.
A half-inch of bone is removed from the
humerus and the end modeled into a surface
convex from before backward. A half-inch of
bone is then removed from the tip of the
olecranon process. The surface of the head of

(

Fig. 4. Sawing through olecranon
and end of humerus.

Dissecting out the ulnar

Fig. 5. Splitting off tip of ole-
cranon with chisel.

—adu

B

Fig. 3. Cutting through the muscle
and fascia down to the joint.

the radius is made the same level as the
coronoid process. The periosteum and triceps
are dissected into a double flap, which is
stitched to the anterior capsule. One case of
ankylosis as a result of acute infectious
arthritis, operated on by the above method,
in 6 months resulted in complete extension

Fig. 6. Removing with rongeur for-
ceps bit of olecranon tip left in humerus.
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Fig. 7. Scooping out ulna and
radius with curette.

with flexion to 6o degrees. Physiotherapy is
being used to increase the flexion.

In case of a normal radio-humeral joint
with bony ankylosis between the ulna and
humerus, a hemi-arthroplasty is done between
the humerus and ulna and a broad aponeurotic
tongue flap from the triceps interposed. The
one case reported, of solid bony ankylosis, in
six months resulted in 50 per cent of the
normal motion.

The after-treatment is very important, and
active motion is essential.

Operative technique—author’s method. The
arm from the wrist to the shoulder and the
leg on the same side, from the hip to the knee,
are given a two-day preparation. At the time
of the operation, a tourniquet is applied to the
upper third of the arm and an application of
iodine made to the skin.

A semicircular incision is then made, begin-
ning over the external condyle (Fig. 1), run-
ning down about two inches and up over the
internal condyle. The wound is sponged with
alcohol and carefully clamped off to avoid
handling the skin during the operation. The
flap containing skin and superficial fascia is
then dissected back to the base line and re-
tracted. The ulnar nerve is isolated and dis-
sected out of its sheath (Fig. 2). It is some-

Fig. 8. Cutting fascia lata from
thigh.

Fig. 9. Sewing flap of fascia lata to
elbow joint anteriorly.

times difficult to find this nerve, but it is al-
ways to be sought at the inner side of the
internal condyle. It should be dissected out
carefully with a blunt dissector so as not to
injure it. After it has been freed for one and
one-half inches, gauze is passed beneath the
nerve, and it is retracted to the ulnar side.
It is then freed further by blunt dissection
with gauze.

A transverse incision is then made extending
down through the periosteum (Fig. 3). This
incision follows in direction the superficial one,
and outlines a flap which is to be dissected
back and preserved in foto for subsequent
covering for the joint. The pulling back of this
flap is a hard and tedious process until it is well
started, after which it can be peeled back
readily by blunt dissection. It is the inner
side that is the hard part, as the layer is thin
here, and one must exercise great care not to
buttonhole it. The olecranon is then sawed
through (Fig. 4). After this, it is frequently
possible to break open the old joint. In some
cases, however, ankylosis is bony and the
joint cavity obliterated. Cases of this kind
are the most difficult. It is in these cases
necessary to saw through the joint. The tip
of the olecranon has to be chiseled out and
dissected back with its posterior flap. Usually
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Fig. 10. Fascia sewed over humer-
us; tied with chromic catgut suture.

the olecranon is too large, and it is well to take
off a little of it (Fig. 5).

The capsule, fascia, and ligaments are then
dissected back so as to allow the lower end of
the humerus to protrude into the wound.
Then its edges are snipped off with rongeur
forceps and a new trochlear or intercondylar
surface formed (Fig. 6). A shoemaker’s rasp
is used in filing the extremity as near like the
normal humeral end as possible. After this
modeling, a piece is removed corresponding to
the olecranon fossa in the normal humerus.
One has to be careful about making this cup,
as the success of the operation depends largely
upon attention to such small details (Fig. 7).
This modeling is largely done with a saw and
a file.

To ensure good function, the joint surfaces
should fit accurately before the fascia is ap-
plied, but the joint should not be too loose.
Only sufficient bone must be removed to give
free motion. If too much of the ends of the
bones is removed, a flail joint will result,
giving the operation no advantage over an ex-
cision. When this mortising is completed, the
fascial flap is dissected from the leg (Fig. 8).
An incision is made on the outer side of the
thigh, a little below the middle, extending
down to the fascia lata. After a flap of fascia

Fig. 11. Kangaroo suture through
ulna and olecranon tip.

s . :g |

Fig. 12. Stay sutures.

5 to 7 inches by 4 to 5 inches wide is dissected
out, the wound is closed.

This fascia, which is free from all fat, is
placed about the newly fashioned humeral
condyles and attached anteriorly to the cap-
sule (Fig. 9) and posteriorly to the periosteum
of the lower end of the shaft of the humerus
with interrupted chromic catgut sutures No. 2
(Fig. 10). Chromic catgut No. 2 is then loose-
ly wound twice around the shaft just below
the interrupted suture line.

The forearm is placed in apposition to the
condyles. Two drill holes are then made in
the olecranon process and two others opposite
them in the shaft of the ulna. Through these
kangaroo tendon is passed and tied (Fig. 11).
The inner layer is now sutured with chromic
catgut No. 2 and the skin and fascia with
plain catgut No. 2 (Fig. 12). Dry sterile
dressings are applied and the arm put up in
plaster beyond a right angle.

After-treatment. If there is no evidence of
infection, the cast should remain on for a
week. It is then split and the dressing changed.
If there is a persistent temperature, a window
should be cut in the cast and the wound in-
spected.

Passive motions are begun in about 1o days,
if normal healing has taken place. The arm is
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Fig. 13. Case 1. E. S. Roentgenogram showing position
of ankylosis before arthroplasty.

always kept above a right angle. After 3
weeks, gentle massage is applied. Baking is
begun in 6 weeks, three or four times a week.

The ultimate success in these cases depends
very largely on the after-treatment. The
patients should be under observation for a
long period of time. Frequent X-rays should
be taken so that we may follow the bony
changes in the joint. If motion begins to shut
down, the arm should be manipulated under
an anasthetic and the elbow put up in acute
flexion. Occasionally motion becomes limited,
due to an exuberant growth of new bone. In
this case, a secondary operation should be done
to remove this, but it should not be under-
taken for at least 3 months after the original
operation.

CasE 1. E. S. was admitted to the Carney
Hospital, August 11, 1913, for immobility of the
right elbow and right knee. Six years previously,
the patient had had an acute illness accompanied by
fever and pain and swelling in the joints, for which
she was treated in her home, without relief. At the
end of 8 months, the pain and swelling had dis-
appeared from her left shoulder and elbow so that

she was able to feed herself, but she remained in
bed for 12 months and after this was in a wheel-chair

Fig. 14. Case1. E.S. End-result, 5 years and 1o months

after arthroplasty.

At left, voluntary flexion; at right,
voluntary extension.

Fig. 15. Case 1. E. S. Lateral roentgenogram, 5 years,
10 months after arthroplasty.

for 2 years. The symptoms continued to subside and
the pain and swelling disappeared; fairly good motion
returned to all the joints except the right elbow and
the right knee, in which pain and stiffness con-
tinued at the end of the fourth year, and no motion
was possible. This condition continued up to the
time of admission.

August 14, 1913, roentgenoscopy revealed an
ankylosis of the elbow joint and of the patella to the
femur (Fig. 13).

August 20, 1913, I did an arthroplasty of the right
elbow using a flap of fascia lata. A light plaster cast
was applied. Following the operation, the patient
made a good ether recovery. There was slight pain
in the elbow.

August 27, 1913, the cast was split for dressing.

September 1, 1913, the wound had healed by first
intention except for a slight discharge on the upper
border.

September 4, 1913, daily manipulation of the
elbow was ordered.

September 10, 1913, the arm could be extended
comlpletely and flexed to 15 degrees beyond a right
angle.

September 15, 1913, traction was applied for flex-
ing and extending the arm.

October 1, 1913, active motion was possible.

October 15, 1913, I manipulated the arm under
ethyl chloride.

~May 15, 1910, 5 years and 10 months after opera-
tion, she writes: ““The arm is doing excellent work. ”’
Photographs taken at this time show practically full
extension and flexion (Figs. 14 and 153).

Cask 2. E. S. sustained a fracture of the right
elbow on October 4, 1913, as the result of a fall of
42 feet. The roentgenogram showed a transverse
fracture of both condyles with the radial head dis-
located laterally and anteriorly.

_ Physical examination was negative except for the
right arm. The shoulder appeared normal. The
elbow was held at 150 degrees extension with less
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than 3 degrees motion. Supination was limited one-
fourth. The wrist showed a Colles fracture un-
reduced. Flexion and extension were both one-half
normal. Eversion was limited three-fourths and
inversion four-fifths (Fig. 16).

On March 25, 1914, I did an arthroplasty on the
right elbow, using a flap of fascia from the thigh.
When the joint cavity was opened, it was found that
the synovial tissue was hypertrophied, and there
was much fibrous callous formation infiltrating the
articular surfaces. A transverse fracture of both
condyles was noted. The head of the radius was
impacted, and was surrounded by callous formation.

Five-eighths of an inch of the condyles was sawed
off square at right angles to the shaft of the humerus.
The joint surfaces were smoothed off and the opera-
tion completed according to my usual method. The
arm was put up in plaster in an extended position.
The patient made a good ether recovery, but suffered
considerably from pain, for which morphia was
ordered, and the following day the arm was put up
in suspension. He continued to suffer considerable
pain for 4 days, after which it abated.

On March 29, 1914, the wound was dressed, and
was found clean except for some serous discharge.

March 30, 1914, the cast was split and a volumi-
nous dressing applied with splints to the forearm.

March 31, 1914, the patient was seen in consulta-
tion by Dr. Courtney, who reported a tourniquet
paralysis, and advised electricity and massage.

April 1, 1914, the wound was dressed, and found
clean and healing by second intention. Electricity
and massage daily.

April 5, 1914, the patient was out of bed and walk-
ing about the ward. When dressed, the wound was
found clean. \

April 10, 1914, the wound was dressed. The
motion in the elbow was good, with supination and
about 45 degrees motion in flexion. A nerve report
was ordered.

April 15, 1914, the nerves were reported respond-
ing to the faradic current. The prognosis was con-
sidered good. Massage was advised.

April 18, 1914, the patient was discharged from
the hospital to report daily at my office.

November 30, 1914, the patient re-entered the
hospital for operative interference in an attempt to
gain increased motion. Both bones of the forearm

Fig. 16. Case 2. E. S. Roentgenogram showing anky-
losis before arthroplasty.

had dislocated backward and the head of the radius
was very much enlarged. Motion was from 150
degrees extension to so degrees flexion with the
carrying angle markedly increased.

On December 2, 1914, after the usual preparation,
a four-inch incision was made over the external
condyle. The removal of the enlarged head of the
radius caused a marked increase in motion, but the
posterior dislocation was not improved. The internal
condyle was chiseled loose and removed through a
small incision over the fragment. After the end of
the humerus was smoothed as much as possible with
a rasp, the wound was closed and a cast applied with
the arm at right angles. A good ether recovery
followed.

After the operation, the patient suffered con-
siderably and showed some swelling of the arm.
On the fourth day, the cast was split, and the
patient experienced relief.

On the seventh, the patient was comfortable and
out of bed. The following day he was discharged, to
report to my office.

The end-result shows nearly normal range of
motion with a stable, useful joint.

On October 29, 1920, he writes: “I can crank a
Ford. I can do anything that I ever could. My
work is driving and repairing automobiles, and I
have had to change 38-7 tires on the road, which
requires the use of two good arms.” (Fig. 17.)

Case 3. F. D. In 1910, the right elbow became
swollen and tender. At this time an open operation

) b.
Fig. 17. Case 2. E. S. End-result, 6 years, 6 months after arthroplasty. a, voluntary flexion; b, voluntary exten-
sion; ¢, range of motion.

(&
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Fig. 18. Case 3. F. D. End-result, 1 year and 4 months
after arthroplasty. Below, voluntary flexion; above,
voluntary extension.

was done on the joint. Six months later, another
operation was done after which the elbow drained
for 4 years and the patient lost the entire use of the
arm. There were numerous scars above and about
the elbow. The elbow was ankylosed at 180 degrees.
Finger and shoulder motions were normal.

On August 10, 1918, by the usual method, I did an
arthroplasty on his elbow. He made a good recovery
and had a normal convalescence. Two weeks later,
he was discharged to have daily dressings done by
the family doctor. Motion at this time was from
8o degrees to 1oo degrees without pain.

He reported at my office on August 30, 1918. At
this time the wound was quite healed. The elbow
showed 30 degrees motion. He was then seen about
every 6 weeks. On October 18, 1918, the wound was
found healed. Motion gradually increased

On December 9, 1919, he showed motion from 33
degrees to 145 degrees, with full supination. The
elbow was stable, with no lateral motion. He has no
pain, works as a telegraph operator, and “lifts any-
thing.” (Figs. 18 and 19.)

Case 4. E. M. This patient’s trouble started
slowly with general poor health. Two years ago, she
became ill with infectious arthritis, which at first
affected the knees. There was no history of a
neisserian infection. The patient was very much

2k

Fig. 19. Case 3. F.D. End-result, 1 year and 4 months
after arthroplasty. Voluntary extension.

constipated and suffered more or less from tonsillitis.
Later, the elbows became painful and could not be
straightened out.

Physical examination showed a thickening of the
capsule of the left elbow, with about 35 degrees
limitation in motion. The left knee showed ex-
tension to within 15 degrees of full extension. The
patient walked with a marked limp, and flexed knees.
General treatment was prescribed, with forcible
extension of the knees. As motion in the arm had
shut down leaving it ankylosed at 100 degrees, an
arthroplasty on this joint was advised.

February 25, 1913, I did an arthroplasty, using
my fascia lata method.

March 24, 1913, the arm showed no swelling.
There was little pain and the patient’s general con-
dition was fair. There was about 15 degrees motion.
Gentle manipulation was ordered.

December 16, 1913, the wound had healed by
first intention; supination was three-quarters normal,
extension was to 170 degrees and flexion to 10
degrees to 15 degrees beyond a right angle. The
patient could reach the opposite shoulder with the
thumb with ease, but could not dress the lower part
of the hair. The muscular power was as good as in
the right arm. To gain more motion, a forcible
manipulation was advised.

December 29, 1913, under ether, extension to
within 5 degrees of straight was obtained and flexion
to 45 degrees.

January 26, 1914, examination of the arm showed
no lateral mobility and no crunching crepitation.
Mobility was from 55 degrees to 145 degrees.
(Figs. 20 and 21.)

Caske 5. S.S. This patient was first admitted to
the Burbank Hospital, Fitchburg, December 5,
1917, with a subacute neisserian infection. Five
years previously the right knee had become swollen
and remained so for 3 months. A month later thé
right elbow became swollen and painful. ’The
Wassermann test was positive. She remained in the

hospit.al 38 days, receiving general treatment, and
was discharged relieved.
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She returned to the out-patient department July
I, 1018. The arm was then put up in plaster from
wrist to shoulder to remain on 2 months. She was
told that her elbow would probably become stiff
and would require an arthroplasty later.

On January o, 1910, the patient was advised to
have an arthroplasty done as her elbow had become
stiff.  Following the operation on February 6, she
had an uneventful recovery. The cast was removed
in 2 weeks, after which passive motion was begun.
Sh)e was discharged March 18, 1919 (Figs. 22 and
23l

Case 6. M. R. For 13 years this patient had had
attacks of rheumatism affecting the ankles, elbows,
and knees. The physical examination was negative
except for the joints. Both knees were slightly
flexed and the right one was ankylosed, showing
scars on either side. The right ankle showed some
contraction of the tendo-achillis. The left elbow
showed good motion except for 10 degrees limitation
in extension; the right was ankylosed at 125 degrees.

The patient was admitted to the orthopedic
service of the Carney Hospital, September 6, 1910,
where very slight improvement took place in the
knees and feet under conservative treatment. In
October, 1910, on account of the swelling and boggi-
ness of the left knee, an arthrotomy was advised.
This was done October 19, 1910. Daily manipulations
were begun on the fifth day, and an uneventful
recovery took place as regards the knee.

As the elbow was stiff and in an ungainly position,
operation on this joint was advised. On November
5, 1910, an arthroplasty by the Murphy method was
done on this joint.

November 10, 1910, the right hand was consider-
ably swollen and painful, for which pressure and hot
fomentations were applied. The skin on the upper
part of the arm became somewhat necrotic from
poor circulation and later sloughed.

November 30, 1910, passive motion was begun
and repeated daily. The first attempt at motion was
made and 30 degrees attained. Following this,
progress was continuous and a gradual gain in

Fig. 20. Case 4. E. M. Above, lateral roentgenogram
10 months after arthroplasty; below, anteroposterior
roentgenogram.

motion was made. Later, massage was ordered for
the hand, forearm, and shoulder.

January 11, 1911, about 30 degrees to 40 degrees
of motion in flexion and extension were obtained.
The wound showed heavy granulation tissue. A
week later she was discharged from the hospital.
Dressings were to be done at home.

February 28, rgrr, she was readmitted to the
hospital for manipulation. Normal motion was ob-
tained. Since this time, she has been seen in the out-
patient department. There is practically no lateral

Fig. 21. Case 4. E. M. End-result, ro months after arthroplasty. a voluntary extension; b, voluntary flexion;
¢, range of motion (not in full range).
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Fig. 22.

Case 5. S. S. Roentgenogram showing anky-
losis before arthroplasty.

mobility and the end-result is perfect function
(Figs. 24 and 25).

For a full report of elbow arthroplasty, the
reader is referred to the author’s (111) articles
appearing in Clinics of North America, Jour-
nal of the American Medical Association, and
SURGERY, GYNECOLOGY AND OBSTETRICS.

KNEE

The knee joint presents a greater barrier to
good arthroplastic work than any of the other
large joints. Lateral stability and security in
the knee must be almost absolute. Without
stability, a brace is necessary to permit walk-
ing; even the use of a brace will not prevent
the progress of overgrowth of bone (a direct
result of undue strain), with its accompanying
pain and soreness. A stiff knee, on the other
hand, is a good functional member if the
ankylosis is firm and in good position (5 de-
grees to 8 degrees of flexion). (Figs. 26 and

27.)

Fig. 24. Case 6. M. R. Roentgenogram showing anky-
losis before arthroplasty.

Fig. 23. Case 5. S.S. End-result, 1 year and 4 months

after arthroplasty. At left, voluntary flexion; at right,

voluntary extension.

If we consider arthroplastic measures in a
single ankylosis of the knee, they must be
cautiously advised, even in face of the ad-
vances that have been made, largely by the
splendid work of Professor V. Putti, of
Bologna. Arthroplasty must be done with

the assurance of stability and freedom from
sensitiveness and pain. In other words, we
must increase function in order to classify the
result as good or improved.

e

Fig. 25. Case 6. M. R. End-result, 1 year and 3 months

after operation. a, voluntary flexion; b, voluntary exten-
sion; ¢, range of motion
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Progress is fast being made, and, although
undoubtedly the last 5 years have seen a great
advance in the number of functional results,
we expect better ones in the future.

Generally speaking, an ankylosis, bony in
character, lends itself best to mobilization, as
it is more free from the results of tissue in-
fection. Such a condition is true of all joints.

In general, the results of fascia transplanta-
tion have proved most successful, and the
technique as advised by Putti has given the
most consistent results. I differ from his
technique only in believing it advisable not to
sever or disturb the patella tendon or its
attachment.

Operative technique—author’s method. The
usual preparation is given both legs from the
ankle to the groin. T feel it is best to remove
the fascia from the opposite leg, thereby
minimizing the extent of the operation on the
ankylosed leg as well as making it possible to
remove more fascia without disturbing the
external support of the joint.

The incision is made from just below the
inner attachment of the patella tendon, curv-
ing slowly over this point to the middle of the
external cartilage, and then directly up the
outer side of the leg just above the mid-
horizontal line, a distance of 5 to 10 inches
from the joint proper (Fig. 28). As much fat
as possible is taken with this incision. After
clamping the skin-edges with towels, the skin
is dissected to the inner side of the leg, expos-
ing the patella tendon, patella, and tibial
tubercle.

A curved incision is then made through the
fascia, beginning in the mid-anterior line,
about 5 inches above the patella, and running
between the patella and outer condyle to just
below the knee joint.

The quadriceps tendon is then exposed and
elongated. This elongation not only allows
better joint exposure, but affords a proper
lengthening when we later place the leg in
flexion in plaster. This lengthening may also
be done by the Bennett method (Fig. 29).
The patella is then raised from the femur,
taking the lower cut portion of the quadriceps
tendon, and forcibly retracted to the inner
side of the knee, with its inner ligament at-
tachments intact. Some surgeons detach a
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Fig. 26 (at left). Ankylosis of knee, normal position.
Fig. 27. Ankylosis of knee, 30 degrees flexion.

piece of the tibial tubercle in order to increase
exposure, but I have found this unnecessary
when the quadriceps tendon is elongated in
the beginning. There are also many difficulties
when this piece is removed, such as delayed or
faulty union, which complicate the con-
valescence (Fig. 31, see frontispiece).

The patella in these cases is often found
hypertrophied and should be narrowed later-
ally, as well as thinned and smoothed with a
shoemaker’s rasp.

The joint being then exposed, a careful
study of it is made from X-rays, and great
care is taken to follow the contour carefully.
Putti instruments are admirable for this
purpose (Fig. 30).

Several important requirements must be
observed:

1. Be sure to leave a well-defined spine
between the tibia condyle, as well as cup
out the upper tibia surface, which will help
stabilize lateral mobility (Figs. 32 and 33).

2. Carefully round the condyle with a Putti
instrument and a shoemaker’s rasp, making a
concavity to fit over the newly formed spine.

3. Actually replace these opposing surfaces,
and mold carefully, without any irregular
hitches during attempts to flex.

4. Cup out a space into which the patella
will articulate. Great care should be taken
with this modeling.
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Fig. 28. Kocher’s incision as used in technique em-
ployed by author.

5. Remove a large piece of fascia lata ample
enough to cover both condyles. The fascia
nearest the knee on the outer side is thickest
and most serviceable. When this is removed,
sew the fascia over the condyle, covering all
exposed bone well. Sew posteriorly 2 inches
above the articular surface (Figs. 34 and
35). The femur is then adjusted to the
tibia, and the patella is replaced. The outer
fascia is united with interrupted chromic
catgut.

The elongated quadriceps is then strongly
sutured and the skin closed with interrupted
catgut (Fig. 36). A plaster is applied from the
toe to the groin with the knee in 35 degrees to
40 degrees flexion and the leg placed in an
elevated position in bed. Opiates are often
necessary and may be freely used.

After-treatment. The temperature, pulse,
and pain are carefully watched for any signs
of infection.

Fig. 30. Putti instruments.

Fig. 29. Incision through fascia and capsule including
division of the quadriceps tendon.!

The cast is split for dressing in 2 weeks
and the leg put in a ring caliper with 35
degrees flexion, so arranged that this can be
changed and passive motion slowly started.
Traction is also applied with this caliper which
remains on day and night. Gentle passive
motions are started and increased gently,
guided by pain and sensitiveness, which always
should be minimized. Massage is started in 5
to 6 weeks for thigh and calf, and the patient
may usually walk with crutches about the
sixth week. By means of an overhead exten-
sion, the patient may also use passive motions
in bed, two or three times a day.

Active motions are started or attempted
about the tenth week, preferably with the leg
submerged in a tub of water. No actual
weight-bearing is allowed until the lateral
ligaments have tightened, and a caliper may
be applied to assist weight-bearing, depending
wholly upon the sensitiveness and pain on use.

Caser1. F.0.K. age3r. In 1909, patient had an
acute neisserian infection in the left knee. The
opening of the joint resulted in an ankylosis. The
knee was in good position, but there was no motion
between the tibia and the femur. The patella was
ankylosed to the femur. Manipulations were un-

successful in obtaining motion. Arthroplasty was
advised.

December 14, 1910, arthroplasty on left knee
according to the technique as described.

December 23, 1910, out of bed. Daily dressings.

January s, 1or1, cast removed. Posterior shell
applied.

January 7, 1911, small amount of weight-bearing.
Crutches.

January 19, 1911, patient discharged from hos-
pital. In a leather leglet with limited motion. He is
to continue stretching and daily hot fomentations.

January 3. 1923, now 12 years since arthroplasty.
Patient has no pain and has had no trouble. “No

! Figures 31 to 36, detailing further points in author’ i v
St D or’s technique, shown
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Fig. 31. Displacement of the patella with inner capsule Fig. 34. Attachment of the fascial flap to the posterior

inward and division of ankylosis. capsule.
Figs. 32 and 33. Luxation of the joint and remodeling Fig. 35. Completion of the suture about femoral end.
of the femoral and tibial surfaces. Note the exaggeration Fig. 36. Suture of the capsule and elongated quadri-

of the spine of the tibia. ceps.
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Fig. 37. Case 1. F. O’K. Weight-

bearing, 12 years after arthroplasty. Weight-bearing,

bother at all and can do everything. Sometimes has
to stop and think which is the knee operated upon.”
Has gained 40 to 50 pounds. The leg is straight. He
has good power in quadriceps. Complete extension is
possible and he has 95 degrees motion in flexion. He
has absolutely no lateral mobility. (Figs. 37, 38, 39,
40, 41.)

The use of the muscle flap from the vastus
internus in operations of the knee joint was
suggested by Helferich (80, b). Cramer (40)
followed his proposal, and in 1gor reported
ten operations of ankylosis of the patella by
interposition of a piece of the vastus internus.
Six of these were successful. Hoffa (86) re-
ports eight tibiofemoral cases of his own. He
used fatty flaps. One case resulted in 15 de-
grees motion and ability to walk, the second
in 15 degrees and painful motion, and the
third in good motion, but with slight limp-
ing. In three cases ankylosis recurred. The
seventh case had good walking ability and the
eighth had 15 degrees motion 7 months after
the operation. One patella case had 10 de-
grees motion 2 years after the operation.
Hoffa believes his results are due to shortening
and the contraction and atrophy of the exten-
sor muscles. It is his opinion that the tendon
should be lengthened by plastic operation or
the tuberosity chiseled and attached higher up.

Fig. 38. Case1. F. O'K.
12 years
after arthroplasty.

Fig. 39. Caser. F.O’K. 95 degrees flexion,
12 years after arthroplasty.

Murphy (120, a) first used his fascia method
in 1go1 on the knee joint. A large layer of
fascia lata, with a thin layer of muscle at-
tached, was dissected from the outer surface
of the vastus externus, with its base below
and anterior. A small flap of fascia covering
the vastus internus was dissected free and

Fig. 40 (atleft). Case1. F.O’K. Anteroposterior roent-
genogram 12 years after arthroplasty.

Fig. 41. Case 1. F. O’K. Lateral
years after arthroplasty. b e
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Fig. 42. Line of Kocher’s incision. The dotted line
shows the prolongation of the incision which is necessary
to obtain the flap for transplant. (Putti.)

Fig. 43. Detachment of the tibial tubercle and the
arthrolysis. (Putti.)

Fig. 44. Luxation of the joint surfaces. (Putti.)

placed between the patella and the femur.
Between 1912 and 1916, Murphy reported
fourteen operations. While at first he used
fascia lata from vastus externus, he later used
two implants of fat and fascia, one lifted from
the inner and one from the outer aspect of the
knee. He also changed his incision from two
vertical cuts to a U-incision. The patella was
treated in four different ways; by placing a
flap under it, by turning it turtle, by rotating,

S

Fig. 46. Attachment of the flap on the resectioned sur-
faces. (Putti.)

or by transplanting a detached flap of the
trochanter. Of the fourteen cases, there were
two splendid results, six good weight-bearing
legs, one showed good flexion and extension
improving, and three records are incomplete.
In one, a sheet of paraffin was inserted be-
neath the patella.

Since 1gor many attempts to mobilize the
knee, using Baer’s membrane, Cargile mem-
brane, free and pedunculated flaps of fascia,
have been reported.

McCurdy (113) and Osgood (131) used
Baer’s membrane. The former did not report
on his result, but Osgood found that, although
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good or fair motion resulted, there was some
lateral motion. These results, I feel, clearly
show the loss of stability so dangerous to
function, and do not represent arthroplastic,
but rather flail joints.

Tubby (182, a) in 1914 interposed Cargile
membrane in three cases with one good result.
In the other cases the patients refused the
after-treatment.

Schmerz (164) has had good results in the
interposition of amnion membrane which he
claims surpasses the fascia transplantation in
simplicity and safety.

Whitacre (192), Neff (122), Owen (132),
Quigley (147), Tubby (182, a), Pringle (143),
McKenna (115), Thomson (180), Wheeler
(191), Hohlbaum (88), Zeller (199), and
Finochietto (64) have used pedunculated flaps
of fascia. In general, good serviceable knees
were secured; in two cases there occurred
lateral motion and one case re-ankylosed. Of
eighty-five cases on which Hohlbaum (88)
reported, using free and pedunculated flaps,
there were 78 per cent good results and 22 per
cent poor.

Steindler (174), Thomson (180), Brandstrup
(21), Hessert (85), and Goddu (71) reported
the use of free fascia flaps with good re-
sults.

Whitacre (192), Appel (6), Ogilvy (127),
and Hoerhammer (92) secured good motion
by the interposition of fascia and fat flaps.

Fig. 48. Fig. 49.
Fig. 48. After mobilization, showing weight bearing.
(Putti.)

Fig. 49. After mobilization, showing active extension.
(Putti.)

Fig. 47. Before mobilization. (Putti.)

Kirschner (100) and Osgood (131) followed
Payr’s method, using free fascia flaps, but in
Kirschner’s cases adhesions formed, and Os-
good’s result was only fair and necessitated
the wearing of a splint. Simon (171) and

Schloffer (163), however, secured good re-
sults by the same process. Tavernier (176) and
Leriche (109) followed Putti’s method. The
former secured good motion, but Leriche’s re-
sult was an unserviceable leg.

Flaps of tissue were tried by Hoke and
Andrews (9r) without success.

Hofmann

Big: 5o. Fig. s1.
Fig: 50. After mobilization, showing weight bearing.
(Putti.)

Fig. 51. Eighty-five degrees flexion. (Putti.)
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Fig. 52. Anteroposterior roentgenogram
months after intervention. (Putti.)

taken 27

(87, b), by the use of free periosteal flaps, ob-
tained only an active motion of 15 degrees.
Fascia lata and strips of subcutaneous tissue
were used by Verral (187). Roeren (157) se-
cured immediate good results with the inter-
position of flaps of fat, but the development of
lateral motion made necessary the application
of an apparatus. Cotton (39) secured a good
result by the interposition of a muscle flap.

Campbell (26, a) based his report on twenty-
four knee-joint cases. In ten cases using
fascia flap, one resulted in 40 degrees motion,
one in 30 degrees, six re-ankylosed, and on one
there has not been time to report. He used
Baer’s membrane in nine cases; in one he ob-
tained practically perfect motion; in one, 70
degrees of free motion; in four, the membrane
extruded, and in two, of osteomyelitis, good
results could not be expected. Two cases, in
which free fascia from the thigh was inserted,
were failures. In three operations in which
prepatellar burse were inserted, one resulted
in 15 degrees flexion and voluntary extension,
the second in 20 degrees flexion and voluntary
extension; it was too early to report on the
third case. Of twenty of the cases on which
there has been sufficient time to record the
end-results, thirteen had definite voluntary
motion, four did not obtain motion of sufficient

Fig. 53. Lateral roentgenogram taken 27 months after
intervention. (Putti.)

value, and three were not successful, as dense
bone was involved.

Campbell does not consider his work on the
whole satisfactory. He recommends opera-
tions for ankylosis of complete destruction of
the articular surfaces and adjoining bone, and
solid union of bony surfaces. In cases of com-
plete fibrous ankylosis, irregular scattered
bands, or irregular fibrous union with areas
of destruction, operation is also advised.

Up torgr7, Baer (9,b) had reported twenty-
eight cases of arthroplasties on knee joints.
He obtained serviceable motion only in cases
of fibrous ankylosis between femur and patella
or femur and tibia, of which there were seven
cases; four gave 75 degrees, 40 degrees, 50
degrees, and 55 degrees of motion, respective-
ly, and good function; three were failures—
active tuberculosis set up. In five cases of
bony ankylosis between patella and femur and
fibrous ankylosis between tibiofemoral joint,
excellent results were obtained. In sixteen
cases of bony ankylosis between the patella
and femur and femur and tibia, 19 per cent
secured motion, 7 per cent had no ultimate
motion, 6 per cent had 20 degrees, 2 per cent
had 30 degrees, and 1 per cent, 45 degrees.

In his early cases Baer made two lateral
incisions, one on each side of the patella,
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chiseled the bones apart, and modeled the
ends of joint surfaces. The first piece of
membrane was carried through the opening
on one side of the patella to the other side.
The second piece overlapped the first; the
joint was covered as far as the top of the
subquadriceps bursa. Baer later used the
horseshoe incision.

The writer believes that the general opinion
is that lateral incisions do not give sufficient
exposure to model the femur and tibia prop-
erly.

In 1920, Putti (145, f) reported on ten cases
of knee arthroplasty. The largest range of
motion obtained was oo degrees, the smallest
50 degrees, and the average 82 degrees. The
average age was 22 years. Putti thinks
arthroplasty of the knee should be executed
more frequently, and that the restoration of
the knee joint can give the greatest satis-
faction to the patient. There is more than an
@sthetic value obtained by these operations.

7 [
T I

Fig. 56. “Goblet” incision through the skin and fascia
lata down to the muscles and trochanter. The lower tip
of the upper flap is placed just below the trochanter. The
downward prolongation lies along the outer surface of the
femur. (Murphy.)

Fig. 57. The flap of skin, fat, or fascia lata has been re-
tracted upward; anterior and posterior borders of wound

SURGERY, GYNECOLOGY AND OBSTETRICS

Fig. 54 (at left). Ankylosis of the hip. Note flexion
adduction, and inward rotation usually found in this con-
dition untreated.

Fig. 55. Ankylosis of the hip. Note proper position,
i.e. abduction 10 degrees—slight flexion (1o degrees) and
slight external rotation.

are retractqd, exposing great trochanter with its attached
muscles. The chain saw is passed on needle underneath
superior muscle group, chiefly gluteus medius, down to
capsule of joint, and trochanfer with muscles éttached is

being sawed off in direction indi :
(Murphy.) n indicated by the dotted line.



MACAUSLAND: MOBILIZATION OF ANKYLOSED JOINTS B

Fig. 58. The trochanter with its attached muscles is Fig. 59. The large gouge is being driven between the
drawn upward, the anterior fibers of the gluteus medius  head of the femur and the acetabulum to divide the bony
muscle having been cut. The capsule of the joint is being  ankylosis between the two. A gouge has been selected
incised at right angles to the direction of its fibers. In this the curve of which fits the normal curve of the head of
operation it was not necessary to cut either the pyriformis  the femur and the acetabulum, so that minimum amount of
or abdurator externus muscles. (Murphy.) reshaping is necessary after division of ankylosis. (Murphy.;

Fig. 6o. Reshaping and smoothing the head of the Fig. 61. Preparation from under surface of the skin-flap
femur and the acetabular cavity with Murphy’s end-mill  of the Murphy pedicled fascia and fat flap for interposition
and reamers. Head of the femur is dislocated backward  between the freshened ends of the bones. The dotted lines
from acetabulum preceding this step. (Murphy.) indicate the extent of the flap. (Murphy.)
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Fig. 62. The interposing pedicled flap of fascia and fat
has been passed around the gluteus medius muscle posterior
to its attachment, and dropped down over the acetabulum,
to the rim of which it has been sutured with chromicized
catgut. The head of the femur, when replaced, will lie on
this flap. (Murphy.)

Putti uses the method set forth by Ollier of
resecting the articulating surfaces, interposing
membrane (Figs. 45 and 46), and preserving
all the periarticular structures, particularly
ligamentous. A modification of the Kocher
incision is used; the cut is prolonged below to
round the tibial tubercle (Fig. 42). This allows
rolling in the skin after the insertion of the
patellar tendon has been removed with the
tibial tubercle. A piece of bone 4 by 3 centi-
meters and 1 centimeter deep is removed
(Fig. 43). Solid union of this afterward is very
important. As there is sometimes difficulty in
making this union, this constitutes the weak
point of Kocher’s incision. Putti also uses the
procedure of plastic elongation by an incision
in a Z-form of the quadriceps tendon to over-
come strong contraction of the extensor ap-
paratus. This incision gives good access to
joint surfaces.

The joint exposed (Fig. 44), the femur and
tibia ends are shaped, the spine of the tibia
made sharp, and the intercondyloid groove

Fig. 63. The trochanter has been nailed back in place
and the cut end of the muscles sutured. Usually Murphy
used a continuous suture of phosphor bronze wire to re-

unite the muscles. The skin is sutured with horsehair and
two or three sutures of silkworm-gut are inserted, if nec-
essary. (Murphy.)

deepened. The transverse diameter of the
condyles is preserved, but the sagittal diam-
eter is decreased. In this way the loss of the
crucial ligaments is compensated. The anky-
losis is freed by a chisel to the posterior side.
He uses manipulation to break up the bony
lamelle, smooths resected surfaces by files,
and removes any cicatricial mass. He advises
against using patella flaps, as he found the
patella nearly always increases in thickness.
The patella should never be completely re-
moved. The ligamentum patelle and tibial
tubercle are nailed in place by a double-headed
nail which is usually removed in a month. If
necessary for flexion the quadriceps tendon is
lengthened by the “Z” method.

For 15 days the whole leg is in a plaster
gutter splint in semi-flexion; 4 to 5 kilograms
traction is applied. ~After the removal of the
stitches, the knee is suspended to an overhead
framg with strap and pulley. The amount of
exercise depends on the patient’s strength,
ability to stand pain, and the reaction of the
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Fig. 64. Complete bony ankylosis of left hip with rota-

tion of leg inward and abduction beyond pelvic inlet.
(Murphy.)

joint. With the patient on the edge of the
bed, the limb hangs out and flexion is ob-
tained by gravity. In a month, massage,
faradism, heat, and mechanotherapy (Bon-
net’s apparatus) are used. Auto-immobiliza-
tion is essential. In 6 weeks a stiff leg brace is
applied. The patient should have good use of
the limb in 3 months.

Among his cases, Putti (145, d) reported one
of complete bony ankylosis of the knee at an
angle of 140 degrees. Suppurative arthritis
had caused wounds to be open 5 months, and
resulted in deep cicatrix. There was bony
ankylosis between the femur and the tibia and
between the femur and patella, and peri-
articular ossification (Fig. 47). Putti used
his regular technique in operation, prolong-
ing Kocher’s incision at the base to en-
circle the tibial protuberance. One month
after the operation there was 4o degrees

motion, no pain, and complete extension. In
5 months the patient could walk long dis-
tances, had complete extension, and flexion to
r1o degrees. There was slight lateral move-
ment. In 7 months the flexion was 85 degrees
and there was more lateral movement. The
leg was serviceable. Fourteen months after
the operation the patient returned to the
hospital because of severe pain in the knee.
The joint was flexed in the position of semi-
flexion and could not be extended. After
traction and hot air applications, the joint
improved. The patient walked again, and 27
months after the first intervention he could
flex his knee to an angle of 85 degrees, had
a movable patella, and no lateral mobility

(Bigs. 49; 50, 51, 52, and 53}
HIP.

Ankylosis of the hip practically always is
seen in the position of deformity; that is,
flexion and adduction (Fig. 54). The correc-
tion of this deformity results in a functional
limb for working use (Fig. 55). It has, how-
ever, a distinct disadvantage in sitting, stoop-
ing, going up and down stairs, etc., as well as
somewhat interfering with the gait. As the
joint is rotary, it lends itself to arthroplastic
measures. In single ankylosis, interference
is decided upon with caution and judgment.
In double ankylosis, the decision is easier.

Any increase in motion in this joint im-
proves the knee-joint action, and this, to-
gether with the hypermobility of the lumbar
spine, distinctly increases function. One must,
however, remember that stability is very
necessary, and unfortunate results, such as
dislocation, have followed arthroplasty of the
hip where stability has not been obtained.

Hoffa’s (86) statistics in 1go6 recorded three
operations on the hip by Rochet and two by
Nélaton, using muscle interposition. One of
the five cases showed a mobility of 40 degrees
in 1 year, the other a good function of 45
degrees in 8 months. One case had good
mobility at first, but it diminished later. The
fourth case had good motion 5 years after the
operation, and the fifth case resulted in poor
function g months after intervention.

Hoffa (86) reported one of his own cases
in which he used a flap of fatty tissue. Seven-
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Figs. 65, 66, and 67.
motion. (Murphy.)
teen months after the operation the patient
walked, but active mobility was somewhat
restricted.

Stein (173), in 1907, in Bier’s clinic, inter-
posed a flap of the sartorius muscle in a case
of double ankylosis of the hip. In 5 months
there was 30 per cent of normal flexion, and
extension and abduction of 10 per cent of
normal.

Ahrens (1), in 1908, used the gluteus maxi-
mus muscle. The patient walked in eleven
weeks.

Meyer (117), in 1909, cited a case of using a
flap of fatty tissue with a thin layer of muscle
on a hip ankylosed from spondylitis. The
thigh was flexed on the pelvis at 150 degrees.
After the operation the patient had passive
motion to 6o degrees, extension to normal,
adduction 30 degrees, and abduction 45 de-
grees.

Duréan (57), in 1910, used membrane, and
he was able to obtain motion of 5o per cent
of normal.

Murphy (120, b) found that the hip joint
gave him the best results in arthroplasty. He
used three incisions; the original one was
U-shaped, beginning 1.5 inches above the
trochanter and 1 inch behind it, extending
down 2 inches below and passing under and
in front of it up to a point opposite the com-
mencement. Sometimes the skin was divided
down at the lowest point of the U to form the
large interposed flap. The second incision was
along the iliotrochanter line 1 inch below and
in front of the trochanter and upward for

One year after operation, showing that patient has a full normal range of

about 5 inches in a straight line with the
anterior superior spine of the ilium. The
third was a modification of the second, in that
the incision was curved and convexed back-
ward behind the trochanter (Fig. 56).

His next step was to free the trochanter by
a chain saw and retract it upward with at-
tached muscles (Figs. 57 and 58).

The ankylosed head of the femur was sev-
ered from the ilium, as near the anatomical
line as possible, with a carpenter’s and cabinet
curved chisel (Fig. 59). It was drawn oblique-
ly into the acetabular cavity for 1 inch. The
head was fractured out and a special globular
burr fashioned the acetabular cavity. A cup-
shiaped well conformed the femoral head (Fig.
60).

A flap of fat and fascia, fascia lata, and
subcutaneous fatty tissue (one-fourth inch
thick) was inserted behind the head and neck
of the femur, and the edge was sutured to the
acetabular margin and to the capsular liga-
ment with phosphor bronze wire (Figs. 61 and
62). The head was replaced. The trochanter
was nailed in place (Fig. 63). The fascia was
re-approximated by chromic catgut and the
skin sutured with silkworm or horsehair. No
drainage was used.

The field operated upon was dusted with
bismuth subiodide powder and the wound
sealed with gauze saturated with collodion.
A pad of plain sterile gauze, moistened with
95 per cent alcohol and 61 per cent phenol,
was placed over the hip 4 or 5 inches beyond
the line of incision on either side. A Rainey
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Fig. 68. Murphy instruments.

travois splint and Buck’s extension with 20
to 25 pounds were applied. Both legs were
dressed in an abducted position.

Passive motion was instituted in 3 or 4
weeks.

In the majority of cases of ankylosis of the
hip reported by Murphy, there resulted a
good range of motion and ability to walk with-
out support. Among them was one case of
metastatic origin, of complete bony ankylosis
of the left hip with rotation of the leg inward
and adduction beyond the pelvic inlet (Fig.
64). The usual technique was followed in the
operation. The patient made an excellent
recovery. In 1 year she could walk without
support and had full flexion (Figs. 65, 66, 67).

Pettis (138), Torrey (181), Clark (36),Gibby,
reported by McCurdy (113), Ceballos (30),
Prando (142), Thomson (180), and Burlew
(25) reported cases in which they had followed
the technique of Murphy, using pedunculated
flaps. Several good results were recorded.
Thomson believes his case re-ankylosed be-
cause he removed too little bone.

McKenna (r15) outlined his technique as a
modification of the Murphy goblet-shaped in-
cision. The cut was carried farther back to
secure a fat and fascia flap that comes directly
under the gluteus muscle. This fits into the
acetabular cavity without cutting the pedicle
of the flap.

Perthes (136), in 1919, mobilized a hip joint
ankylosed in the position of adduction. After
the freeing of the ankylosis two pedunculated
fat and fascia flaps were interposed. In spite
of ankylosis of the other hip joint and of the
two knees and of paralysis of the sciatic nerve,
walking was possible.

Baer (g9,b), in 1917, reported his series of
fifty cases of bony ankylosis of the hip in
which an arthroplasty was done with the use
of the chromicized pig’s bladder. The result-
ing motion in nine cases of gonorrheeal
arthritis was active motion in 89 per cent.
Two cases operated on in 1gog resulted in 20
degrees and 4o degrees motion, respectively.
Infection was the cause of failure in one case;
in the other, the periarticular tissues needed
stretching. In twenty-one cases of tubercular
origin, 66 per cent good voluntary motion,
utility and good walking ability were secured.
One hundred per cent good serviceable motion
resulted in fifteen cases of infectious arthritis.
In five cases of arthritis deformans involving
spine, hip, knees, and ankles, 6o per cent
motion was obtained.

Baer makes his incision from the anterior
superior spine, down the thigh, parallel to the
femur, between the tensor femoris muscle on
the outer side and the sartorius on the inner.
The capsule is stripped back, the ends of the
bones shaped, and the membrane thrown
around the femoral head.

Baldwin (10), in 1915, reported a successful
result, using Baer’s membrane.

Neff (122) used a U-incision with reflexion
of the flap upward for the formation of a long,
broad flap of fascia lata. If enough capsule
was available, it was used for flaps; if not,
fascia was interposed.

In 1913, Osgood (131) reported on five
cases; in one, using the capsule for a flap, the
result was poor; in the second case, using
tissue flap, the outcome was fair; in the third
case of excision, death resulted; in the fourth
case of fibrous ankylosis, in which free fascia
was used, the result was good; and in the fifth
case of fibrous type, doing a part excision
according to Baer’s method, the result was
fair and improving.

Two methods are used by Payr (134, b) on
the hip. One consists of the separating of the
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Fig. 69. U-shaped skin incision as
used by author.

Fig. 70. Line of fascia incision prepa-
ratory to removal of great trochanter.

Spaylding’_, Seawidi

Fig. 71. Incision through capsule
parallel toand in center of femoral neck.

Fig. 72. Separation of the femur
from the acetabulum.

ankylosis, smoothing off of the head of the
bone or building a new rounded epiphysis out
of the neck of the femur, with interposition of
fat (free or pedunculated) or a flap from the
tractus iliotibialis. The second process is the
formation of a pseudoarthrosis as near as
possible to the acetabular margin, likewise
with the interposition of soft parts. Payr
tries to form the pseudoarthrosis after the
manner of a saddle joint, simulating the
carpometacarpal joint.

Corner (38), Steindler (174), and Hallopeau
(76) reported the use of fascia lata in the hip.
Corner and Steindler did not record their re-
sults, but Hallopeau secured a good weight-
bearing leg after operation for double bony
ankylosis of 4 years’ standing.

Grange (74), in 1920, reported three cases
of arthroplasty. In one, of bony ankylosis
with internal rotation of the thigh, of trau-
matic origin, a curved incision was made be-
tween the crest of the ilium and the great

Fig. 73. Reaming out of acetabulum
and rounding of head with Murphy
male and female rasps.

Fig. 74. The fascia flap sewed around
neck of femur with interrupted sutures
and tied with a purse string.

i ] | Spesdding |

Fig. 75. Reduction of femoral head.

trochanter, the femur was divided at the neck
and a flap of gluteus medius sutured over the
raw end of the neck of the femur and a loose
flap of fat from the buttock placed in the cup
in the head of the femur. Within 2 months the
patient could flex his hip to a right angle.
Hohlbqum (88), in 1921, reported twenty
cases of hip ankylosis of tubercular, rheumatic,
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Fig. 76. Case 1. O. P. Roentgenogram of right hip be-
fore arthroplasty. March, 1916.
Fig. 77. Case 2. O.P. Roentgenogram of left hip before
arthroplasty. March, 1916.

gonorrheeal, arthritic, and other origins. Free
fascia and pedunculated flaps were interposed.
In his series there were six very good results;

Fig. 8o (above). Case 1. O.P. Motion in right hip 122
years after arthroplasty.
Hict S @aselza 0 B

after arthroplasty.

Motion in left hip 1}5 years
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Fig. 78.

Fig. 78. Case 1. O. P. Roentgenogram of right hip 2
years after arthroplasty.

Fig. 79. Case 2. O. P. Roentgenogram of left hip 125
years after anthroplasty.

Fig. 79.

five good results; six cases re-ankylosed; two
patients died; and in one the result was
unknown.

Author’s technique. In operation on the hip
I use the following technique:

The patient is given a very careful two-day
preparation of the hip from the rib-line to
below the knee.

A skin incision is made beginning at the
anterior superior spine and running in a hori-
zontal plane to about 2 inches below the level
of the trochanter, at which point it curves
over the femur, 3 to 4 inches below the
trochanter in a U-shaped fashion (Fig. 69).
This flap, with considerable fatty issue at-
tached, is elevated, raised to its base line, and
retracted.

A similar incision is made through the fascia
external to the sartorius and sweeps around
about 3 inches below the trochanter, at which
point it reaches the base of the femur (Fig.
70). The periosteum is separated downward
one-half inch and then upward to the base of
the trochanter.

With a two-inch osteotome the entire
trochanter is removed and elevated, taking
with it all the muscle attachments.

An incision is then made through the cap-
sule beginning on the ilium and passing
parallel to, and in the center of, the femoral
neck to the base of the detached trochanter
(Fig. 71). At the attachment of the capsule



38 SURGERY, GYNECOLOGY AND OBSTETRICS

Fig. 83.

Fig. 82. Case 1. O. P. Motion in right hip 125 years
after arthroplasty.

Figs. 83 and 84. Cases 1 and 2. O. P. Lateral view,
standing after arthroplasty.

Fig. 85. Cases 1 and 2. O.P. Anteroposterior view,
standing, after arthroplasty.

Fig. 82.

to the femoral neck, it is cut off around on
both sides for a distance of 1.5 inches and
retracted. A blunt dissector then frees the
capsule from the neck as much as it is possi-
ble to free it.

A study of the junction between the head
and the ilium is made, and then with a curved
chisel, covering a small space at a time, the
femur is separated from the acetabulum.
Care should be taken to follow the outline of
the acetabulum, as this is always hard, while
the head is usually atrophied (Fig. 72).

Finally the head is freed and dislocated.
With the Murphy male and female rasp (Fig.
68), the acetabulum is thoroughly reamed out
and the head is thoroughly rounded (Fig. 73).
Great care should be taken to remove all
spicules of bone.

A piece of free fascia lata from the outer
side of the opposite leg is removed and sewed
around the neck of the femur by interrupted
sutures. Then a purse-string suture is tied
about it tightly (Fig. 74).

Fig. 84.

Fig. 8s. Fig. 86.

Fig. 86. Case 2. O.P. Motion in left hip 15 years
after anthroplasty. (Patient has about twice this motion
but is handicapped in further flexion by double ankylosis
of the knee.

The head is reduced (Fig. 75). The old
capsule is returned and sewed together and
to the old attachments as nearly as possible.
I feel that this very materially adds to stability
and ensures against dislocation or a wabbly,
unstable joint.

The trochanter is then pulled down to its
old position and held by resuture of the
periosteum with fascia originally elevated.
The skin is closed and the leg placed in plaster-
of-Paris cast from the nipple line to the toe,
with the leg in 10 degrees abduction, complete
extension, and with a little pressure over the
trochanter.

The cast remains on 214 weeks and is then
removed and traction applied. Passive mo-
tions are started at the third week and should
always be within the limits of pain. The
patient is encouraged voluntarily to contract
the thigh muscles and thereby get voluntary
control early.

The patient may walk with crutches in 6
weeks and bear a little weight in about 8
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weeks.  Convalescence as regards motion
varies with the type of individual, but all
motion should be within the pain limits.

Case 1. O. P., age 24. Patient had an ankylosis
of 3 years’ duration involving both hips and knees,
due to an infectious process, probably neisserian in
origin. (Figs. 76 and 77.)

April 12, 1920. Arthroplasty of right hip by Dr.
Andrew R. MacAusland, using the technique as out-
lined. It was then about 3 years since the original
infection. The operation was followed by some
shock. The wound healed perfectly. A cast was
applied.

May 17, 1920. The cast was removed and passive
movements encouraged.

June 5, 1920. Patient out of bed with crutches.

June 10, 1920. He walked with crutches.

June 12, 1920. Discharged from hospital.

January 13, 1923. No pain. Motion in flexion 40
degrees. Motion in adduction and abduction in arc
of 15 degrees to 20 degrees. (Figs. 78, 8o, 82, 83,
84, and 83.)

CASERRN O R age o i ilihe previousthistory of
this case was reported under Case 1. Both hips were
ankylosed. (Figs. 76 and 77.)

November 2, 1920. Seven months after the opera-
tion on the right hip, Dr. Andrew R. MacAusland
did an arthroplasty of the left hip, using the regular
technique.

November 29, 1920. The cast was removed. The
wound healed by first intention.

December 6, 1920. Passive motions were started.

December 17, 1920. Patient was up in wheel-
chair. He had some sensitiveness. Motion was
omitted for 1 week.

December 26, 1920. Passive motion renewed.

January 4, 1921. He walked with crutches.

January 22, 1921. He was discharged from
hospital.

January 12, 1923. No pain. Motion in flexion 40
degrees. Good abduction and adduction. Excellent
functional result. (Figs. 79, 86, 81, 83, 84 and 85.)

JAW

Ankylosis or greatly limited motion in the
temporomaxillary articulations early assumes
dangerous proportions, because of the inability
of the patient to take nourishment. In young
children this condition is complicated by the
dangers from swelling during throat infections,
so common in this type of case. Much of this
infection undoubtedly arises from the inability
to give proper hygienic care to the mouth and
teeth. Arthroplasty is indicated in all of these
cases, and, although the mortality is high in
young children and the dangers of infection
considerable, the relief is at times a matter

of necessity. The method as described by
Murphy has been accepted as standard.

An incision is made in front of the ear from
one-half inch below the root of the zygoma up
to the hair line. The incision may be curved
in, convexed backward, passing forward under
the zygoma to 1 inch in front of the ear, 2
inches above the zygoma. The L-incision gives
the best access (Fig. 87).

The ankylosis is divided and a flap of
temporomaxillary muscle aponeurosis dropped
over thezygoma. (Figs. 88, 89, 9o, 91, and g2.)

Murphy (120, b), in 1913, brought to our at-
tention his series of nine arthroplasties of the
jaw, seven for bony ankylosis and two for
extra-articular fibrous fixation. The first case,
of a boy with fibrous ankylosis of the left
temporomandibular joint and bony ankylosis
of the right, resulted in the ability to open his
mouth 1 inch, 4 weeks after the operation.
Now he can put an apple between his teeth.
An operation on a case of fibrous ankylosis
allowed the opening of the jaws to 1.5 inches
3 months after the operation.

Another patient who had fibrous ankylosis
could open his mouth 1 inch in 5 weeks after
the operation.

As the impairment of health is involved in
an ankylosed jaw, early attempts at operation
were made.

Hoffa (86) collected eighteen cases: Helfer-
ich one, Lentz one, Mikulicz one, Henle one,
Bilczynski one, Kusnetsoff one, Gluck two,
Rochet four, Schmidt one, Foederl one, Orlow
two, Meyer one, and Beresowski one. In
thirteen cases in which muscle flaps were used,
good results were secured, and the average
separation of the incisor teeth in ten cases
was 2.6 centimeters. Good results were ob-
tained in two cases using skin flaps. In one,
inserting hog’s bladder, the incisors were
separated 2.6 centimeters, and in two cases,
using gilded plates, 2 and 1.75 centimeters.

Hoffa (86) reported two of his own cases;
one of simple resection resulted in a separation
of 2 centimeters and the other, using a tempo-
ral muscle flap, allowed the placing of two
fingers between the jaws.

Biermann (16), in 19og, reported using a
flap of the temporal muscle and obtaining a
good result.
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Fig. 87 (at left).
zygoma and in front of the ear, so placed to avoid injury
to the facial nerve. (Murphy.)

Fig. 88. Skin flap retracted and zygoma and neck of

L-shaped skin incision above the

Stein (173), in the same year, obtained a
perfect recovery of a case using muscle flaps.

Baer (9, b), in 1917, recorded his series of
nine cases in which eleven operations on
temporomaxillary jaws had been done. One
excellent result was secured in which a boy
had even more motion than normal. The
other cases showed good results. In Case 8,
the patient could open his mouth only 3
centimeters; this case had been operated on
twice by other methods and had been anky-
losed 23 years.

An arthroplasty on another case of marked
cicatricial changes allowed the opening of the
mouth to the extent of o.5 centimeter. A
baby, 18 months old and in weakened con-
dition, died from the effects of the operation.

Baer, in his technique, first scrubs the place
of operation, using potassium permanganate,
oxide, and bichloride of mercury, ether, and
alcohol. The incision is made parallel to the
zygoma and along its lowest border; the fibers
of the external pterygoid muscle are separated
and the temporal muscle retracted forward.
He then cuts through the periosteum of the
ramus of the inferior maxillary bone and ex-
poses the condyle. This is separated from the

mandible exposed. Two curved periosteal elevators are
shown closely applied to the posterior surface of the neck
of the mandible, thus protecting the internal maxillary
artery from injury during division of the bone. (Murphy.)

ramus and the temporal bone. The bones are
shaped and a cuff of membrane sewed to the
periosteum of the bone. The muscle is brought
together and sewed, and the wound is closed.
After 2 weeks the patient is encouraged to use
his mouth, and movements are regulated by
graduated corks.

An arthroplasty, using Baer’s membrane,
was reported by Osgood (131), in 1911, for
complete bony ankylosis of the jaws of 2 years’
duration. A slight pus discharge made
necessary an incision and the removal of the
membrane. Four months after the inter-
vention the motion was good.

Neff (122) used a curved incision beginning
in front of the tragus and carried up over the
zygoma. Fascia was stripped from the zygoma
subperiosteally. The condyle was separated
from the glenoid fossa and the joint mobilized.
A flap from the temporal fascia or masseter
was sutured to the capsule on the inside.

Putti (145, a), in 1913, reported three jaw
arthroplasties. In operation, he used Abbe’s
incision, resected enough bone to allow open-
ing the jaw and interposed a free flap of
fascia lata 6 by 8 centimeters, taken from the
base of the great trochanter. In the post-
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Fig. 89. Dividing the neck of the mandible with the
Gigli saw. In actual operation the saw is not allowed to
make so acute an angle as shown in the illustration, because
of its great tendency to break when sharply bent. (Murphy.)

Fig. go. The neck of the mandible has been divided, the

operative treatment, the passive exercises are
regulated by means of wooden wedges.

Four months after intervention in the first
case of total bilateral ankylosis of blennorrhceal
origin, the patient had nearly normal motion.
The after-treatment had been neglected, which
accounted for lack of complete mobility. In
1 month after operation in the second case of
complete congenital ankylosis of the right
temporal jaw, the child could open his mouth
to allow a space of 2.5 centimeters between
the incisors. The third case, one of complete
ankylosis between the condyle and glenoid on
the left side, showed in 1 year the ability to
open the mouth fully.

Blair (18), in 1914, found a flap of sub-
cutaneous temporal fascia admirably adapted
for interposition. His incision was almost
completely within the hair line. Enough bone
was removed to leave a space o.5 inch wide.
The immediate result was o.75 to 1 inch open-
ing, and this, by the use of a rubber bottle-
stopper, was increased further.

cut ends of the bone separated by traction on the lower
fragment and space thus provided for the interposing
fascia and fat flap. The curved periosteal elevators still
protect the internal maxillary artery from trauma. (Mur-

phy.)

Carr (28), in 1917, obtained three good re-
sults, using a modification of the Murphy
method. He was unacquainted with the
Murphy process at the time, but he would use
it on future cases. In 18 months one patient,
who had had complete fixation for years, could
separate his teeth 1.25 inches. The second
patient, in 3 weeks, could open and close his
mouth without discomfort, and the third
patient could eat in 3 days, as the muscles
had not been greatly contracted.

The same year Prando (142) applied the
Murphy method in a case. Although it be-
came gangrenous, the case turned out well and
the patient can open his mouth and talk
clearly.

Henderson and New (81), in 1918, tabulated
twenty-three cases of ankylosis of the lower
jaw operated on in the Mayo Clinic during a
period of 8 years. They divided the ankylosis
into articular, extra-articular, and articular-
extra-articular types, depending on the loca-
tion of the fixation. Fifteen cases were articu-
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Fig. gr. The pedicled fascia and fat flap is dissected
from temporal fascia and free end of flap is turned inward
between divided ends of mandible and sutured securely
in place with tacking stitches. (Murphy.)

lar, five extra-articular, and the remainder
articular-extra-articular. The average age of
the patients was under 10 years. Excision was
the basic principle of each operation, and no
interposing substance was used.

The fifteen cases did well, and from 1 inch
to 1.75 inches separation was obtained. In the
extra-articular types the best results were
secured by forcible stretching. In the articu-
lar-extra-articular type the scarring of the
muscles prevented wide separation, but all the
patients secured an opening of an inch.

Douglas (54), in 1919, operated for com-
plete bony ankylosis of the left temporo-
maxillary joint. A horizontal incision was
made just above the zygoma, the bones were
separated and a flap of the temporal fascia
with overlying fat interposed. The final result
was excellent, although after-treatment was
not carried out.

Woolsey (198) also did a similar operation
and obtained a good result. He kept the jaws
apart for some time after the operation.

Kerr (99), in 1920, cited four successful

Fig. 92. The flap is now in place and the wound ready
for closure. (Murphy.)

cases. One patient could open his mouth one-
sixth inch and the second one-fourth inch. A
curved, L-shaped incision was made, begin-
ning 2 inches above and o.5 inch in front of
the ear and down to the external auditory
opening, then anteriorly for 1.5 inches. The
facial nerve was avoided. The condyle of
the mandible was sawed off with a chain saw
and a flap of temporal muscle inserted. Both
patients can masticate normally. The third
patient, suffering from fibrous and bony an-
kylosis of both joints of the mandible, with
contractions of the periarticular muscles and
fascia, after operation could masticate solid
food. He had to guard against muscle contrac-
tions. Fourth patient after operation could
open her mouth normally and masticate food.

Ritchie (152), in 1920, emphasized the im-
portance of the after-treatment in the form of
continual motion during waking hours, and
wearing a rubber gag at night. He reported
two cases using flaps of temporal muscle. In
one case the flap was cut too short and pulled
off when applied as a free flap. Tt was ex-
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truded on the fifth day. In the other case the
flap was cut large enough. The end-results of
both cases were equally complete.

Chubb (34), in 1920, reported a method
which he had found very successful. He di-
vided the operation for ankylosis of the jaw
into two groups according as the bone is
resected from the region of the condyle or
from the horizontal ramus.

The bony or fibrous ankylosis in the five
cases he described was between the anterior
border of the coronoid and the pterygoid
aspect of the maxilla. Four cases were trau-
matic. One was infective in origin, and fol-
lowed a bilateral suppurative arthritis of the
temporomandibular joints in infancy.

In operation, the incision started in the pre-
auricular fold at the lower level of the ex-
ternal auditory meatus, passing vertically up-
ward to the level of the tip of the pinna, and
curving forward below the superior temporal
crest to terminate anteriorly within the hair
region. The zygoma was exposed and the
necessary bone removed piecemeal. The
whole coronoid process was removed.

In the case of infective origin of 15 years’
standing, the condylar neck region and cor-
onoid of the left and right sides were resected.
The operation was completed by a flap of
temporal fascia and muscle.

The result in all cases was a gap of at least
2.5 centimeters and a very satisfactory power
of mastication.

Imbert (95), in 1921, emphasized regulating
the dimensions of the incisions for ankylosis
of the jaw by the crossing of the facial nerve
on the neck of the condyle. The upper ex-
tremity of the incision should be about 2
centimeters above the most prominent part of
the tragus. The resection of the condyle is
made by means of scissors and is at least o.5
centimeter in height. He recommended the
interposition of soft parts.

Dufourmentel and Darcissa (55), in 1921,
presented two cases. In one, of complete
temporomaxillary ankylosis of gonococcic
origin, the thickness of bone was destroyed
and a piece of rubber inserted. Their special
apparatus was used in the after-treatment.
Three months after the operation, the power
and amplitude of the jaw was normal. A

second case, using a muscular aponeurotic
flap, failed; resection, with no interposition of
rubber, resulted in a normal joint.

Bockenheimer (19), in 1922, used an in-
cision behind the ear in freeing bony ankylosis
of the jaw, of inflammatory origin. After re-
section, a flap of fat and fascia was interposed.
In 15 months the patient could open her
mouth normally. This incision had the ad-
vantage of avoiding the facial nerve and of
hiding the scars.

Gilpatrick (69) recently (1922) reported a
severe case of ankylosis of the jaw very similar
to a case reported by Murphy. The patient
had had almost complete ankylosis of the
inferior maxilla for 14 years as a result of
scarlet fever, complicated by an infection of
both mastoids. The food had to be macerated
in the plate and the boy could talk only
through clenched teeth.

The right side was attacked first in operation.
An incision 1.5 inches long was made in front
of the right ear from a point o.5 inch below the
zygoma upward. All new bone was removed.
The jaw could then be opened so that the left
side was not touched. A flap of fat and fascia
from the skin anterior to the original incision
was interposed. In 1o days the patient could
e SHOULDER

The shoulder joint is rarely the seat of
troublesome ankylosis. The mobility of the
scapula replaces the lost motion, especially
when ankylosis has occurred in the position
of election; that is, abduction of 50 degrees to
70 degrees and flexion of about 15 degrees to
20 degrees forward of the frontal plane, in
which position the shoulder function closely
simulates normal. (Figs. 93 and 94.)

No arthroplastic measure can be considered
in the absence of the deltoid muscle.

The first arthroplasty of the shoulder was
reported by Nélaton (123), in 1903. The
operation was done by Caville. A four-inch
incision was made below the clavicle, passing
externally to the coracoid process, down along
the arm following the fibers of the deltoid.
The head of the humerus was divided at the
level of the anatomical neck. A piece of del-
toid obtained by a transverse section wasinter-
posed between the surface of the humerus and
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Fig. 03 (at left). Ankylosis of shoulder. Position of rest; note rotation of scapula

with full rest position of arm.

Fig. 94. Ankylosis of shoulder. Full abduction obtained by rotation of scapula.

the glenoid cavity. A counter-incision was
made at the same level and a thread passed
through the opening, surrounding in loop
form the extremity of the muscular strip. By
tightening, the muscle was applied in the
articular cavity. The result was good; there
was passive motion in 3 days. The patient
can sew. Abduction is limited.

Hofmann (87, b), in 1908, used periosteal
transplants rom the tibia. The results were
excellent; 1 year after the operation the rotary
movements were almost normal. There was
active abduction with fixed scapula up to 45
degrees, after which the scapula moved with
the arm.

Ochsner (125), always conservative in ad-
vising arthroplasties in ankylosis with de-
formity, makes a vertical incision over the
middle of the deltoid muscle, and separates
the fibers by the Kocher dissector. A vertical
incision is made in the capsule to expose the
head of the humerus. This is severed by cut-
ting the neck with a chain saw. Strands of
silkworm gut are inserted for drainage. The
arm is bandaged snugly to the side and the
forearm placed in a sling. He has not found
it necessary to use a fascial flap. All of his
patients, within a few months, have been able
to use the arm as before ankylosis; they can
comb their hair, etc.

In the treatment of ankylosis without de-
formity, in the finger, ankle, shoulder joint, or
wrist, Ochsner does not consider arthroplasty
indicated. In the knee, elbow, and hip, the
subject is debatable. On the knee, he uses the
resection method; on the hip, subtrochanteric
osteotomy; and on the elbow, force only. He
commends the Murphy method.

Neff (122) believed that operation in the
shoulder is rarely indicated, as the scapular
muscles provide good function. In case of
intervention he advised reaching the joint
through an incision 3.5 inches long, extending
from the base of the coracoid and on a level
with it, down on a line with the bicipital
groove. The cephalic vein serves as a guide.
The greater tuberosity is divided by means of
a Gigli saw and retracted upward. The re-
mainder of the operation is like that on the
hip. Fascia or capsule may be used as flaps.
~ Murphy (120, e) did not report an arthro-
plasty of the shoulder, but in 1913 he outlined
his technique on the cadaver as follows: The
skin and deltoid are split and the fascia
separated along the anterior margin for 4
inches. It is then elevated to expose the
coracoid process with the head of the biceps
and coracobrachialis. The process is divided
three-fourths inch from the tip and displaced
outward. The ankylosis is chiseled between
the glenoid fossa and the head of the humerus,
and an additional excavation of the glenoid
fossa made. An incision at a right angle to
the original incision is made across the chest,
over the middle pectoralis major muscle. A
flap of fat, aponeurosis, and pedunculated
muscle is placed between the head of the
humerus and the glenoid fossa. The anterior
Eortion of the deltoid may also be used as a

ap.

W. L. and C. P. Brown (23), in 1914, re-
ported the use of a portion of the short head
of the biceps for the interposed flap. It is
located correctly anatomically and covered
with a tendinous sheath; its attachment to the
coracoid process gives the pedicle the right
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Fig. 95 (at left).
(flexion); note compensatory contraction of phalanges. \
_ Fig. 96. Ankylosis of wrist. In position of strength, a most /
important factor in all wrist cases.

Ankylosis of wrist.

location. An incision in the shape of a re-
versed ‘S’ is made from the junction of the
middle and outer thirds of the clavicle, for-
ward and downward below the acromion
process. The muscle fibers of the sulcus should
be separated, coming down directly on the
tendinous attachment of the inner head of the
biceps. The tendon of the pectoralis major
should be transfixed with a linen thread and
then cut loose from the humerus; the attach-
ment of the inner fibers of the deltoid is trans-
fixed and severed from the humerus, which
will facilitate its retraction. The forefinger of
the left hand is passed beneath the inner head
of the biceps, separating it from the coraco-
brachialis and then its sheath and fibers cut
across 4.5 inches below its attachment at the
glenoid cavity. About one-half the muscle,
of fan-shape, 4.5 by 3.5 inches, is taken. The
capsule of the joint is opened and the head of
the humerus is separated from the glenoid
fossa, preserving the head of the biceps if
possible. Enough capsule is removed to
mobilize the joint. The flap is drawn in place
by three No. 1 chromicized catgut sutures,
guided by the finger. If the capsule allows
good motion, it should be sutured; otherwise,
it should be free. If the pectoralis major has
contracted, it should not be re-attached to the
humerus unless it is lengthened.

The arm is put in a cast at right angles to
the body with the forearm flexed, if the head
of the biceps is severed. The cast is removed
in 10 days.
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Position of weakness

The case of infectious origin on which the
operation was done resulted in perfect motion.
The patient, a carpenter, resumed his trade in
6 weeks. There was some restriction of the
arc of motion because of periarticular con-
traction, but 2 years after intervention the
patient had practically recovered the arc of
motion.

Ringel (151) demonstrated a case, in which
there had been a complete shattering of the
shoulder region, treated by freeing of the
joint and interposing a pedunculated muscle
flap from the deltoid. The immediate result
was so good that the patient returned to the
army. Later it was found that the flap had
sloughed and new bone formed. In the second
operation, a broad fat and fascia flap from the
thigh was fixed over the humerus. Free
motion in all directions was obtained; the arc
of motion was limited because of the great
atrophy of the deltoid.

Thomson (180) reported a case in 1g17. He
made an anterior incision, removed the greater
part of the head of the humerus and stitched
in a piece of fascia lata from the thigh. The
limb was put in the position of right angle
abduction. A sufficient range of movement
was secured.

Verrall (187) believes he was justified in
operating on a shoulder adducted and having
a small degree of painful motion, as he did
not jeopardize arthrodesis in a good position.
He exposed the joint along the anterior border
of the deltoid and dislocated the humerus
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through the wound. The glenoid was hollowed
into shape and three-fourths of the humerus
removed. A flap of subcutaneous tissue from
over the deltoid was turned over the glenoid.
He does not report his result.

Grange (74), in 1920, did an arthroplasty
for ankylosis of the shoulder joint in a slightly
abducted position with a good deal of destruc-
tion of the head and great tuberosity. In the
operation, an incision was made along the
lower border of the clavicle and down the
front of the arm for 3 inches; another was
made just below the acromion process to meet
the first, and a third was made along the lower
border of the pectoralis major. This was
divided where it crosses the axilla, and the
anterior half of the deltoid was cut through
0.5 inch below the acromion process, and
turned down. The short head of the biceps
and coracobrachialis were then divided. The
humerus was exposed and rounded, and a
large flap of superficial fascia turned in from
the surface of the pectoralis major. The
wound was closed and the arm put up with
the shoulder abducted 45 degrees. Active ab-
duction to 45 degrees, flexion to 45, and 6o
degrees rotation resulted. Passive abduction
and flexion could be obtained to go degrees.

WRIST

For most purposes, a wrist ankylosed in
hyperextension permits satisfactory function
with undiminished strength in the fingers.
(Figs. 95 and ¢6.) Occasionally, however,
lateral and flexed motions are desirable, in
which case mobilization may be attempted.

Only a few cases of arthroplasties of the
wrist have been reported.

Hoffa (86) records a case done by Nélaton
and Ombrédanne (124) in 1905. They resected
the first row of carpal bones and interposed a
tendon-muscular flap. The outcome was poor;
ankylosis recurred in four months.

Hoffa (86), himself, did two wrist arthro-
plasties. In one he inserted a magnesium
plate. A fistula resulted, which necessitated
the removal of the plate; ankylosis recurred.
In the other operation he resected the first row
of carpal bones and inserted a fat and fascia
flap taken from the proximal side of the wound.
Two months after the operation, there was

Iig. 97 (above). Case 1. I5. M. Lateral roentgenogram
showing ankylosis before arthroplasty.

Fig. 98. Case 1. E. M. Anteroposterior roentgenogram
showing ankylosis before arthroplasty.

free motion of several degrees. Nine months
later there was good mobility in the wrist and
excellent function.

Stein (173), in 1907, in Bier’s clinic, did an
arch-shaped resection of the bones and inter-
posed a muscle flap. In 2 years the passive
motion was good, but the function was un-
satisfactory, due to the patient’s cutting the
flexor tendons.

Baer (9, ¢), in 1909, reported a case of con-
genital union between the head of the radius
and the ulna. Chromicized pig’s bladder was
interposed. Three months after the opera-
tion, supination was possible to oo degrees,
but a twist in the radius prevented it going
farther.

Two more cases were cited by Baer (9, a) in
1918. One of congenital synostosis of the
radial head and ulna, in which the animal
membrane was used, gave voluntary motion
of 110 degrees. Marked curvature of the
radius made normal conditions impossible.
The other case of bony ankylosis between the
ulna and radius, when chiseled apart, gave 9o
degrees supination and pronation.

L. Durén (57), in 1910, did an arthroplasty,
using Baer’s membrane. Painless mobility of
about soper cent of normal resultedin 1 month.
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Figs. 99 and 100. Case 1. E. M. Ankylosis before
arthroplasty.

Mention has been made of an arthroplasty
by Whitman (193) in 1911, in which a section
representing the first row of carpal bones was
removed and the deformity corrected. The
record is incomplete.

Neff (122), in 1912, outlined his technique
of operation on the wrist: A convex incision
with the convexity downward through the
skin, on the dorsum of the wrist, extending
from the ulnar to the radial side; division of
the posterior annular ligament and retraction
of the extensor tendons laterally; division of
the capsule transversely, low down on the
carpal bones and dissection of it upward,
leaving it attached to the radius and ulna;
resection of the first row of carpal bones in an
arched direction with convexity upward; in-
version of the posterior capsular flap between
the articular surfaces. If there is not sufficient
capsule a fascia lata flap or rectus aponeurosis
may be used. The wound is sutured, and
passive and active motion and massage begun
on the eighth day.

Murphy (120, f), in 1913, reported three
wrist arthroplasties. In one, of infection, an
incision was made over the end of the radius
on the back of the arm, and a flap of super-
ficial fat and fascia interposed between the

Case 1. E. M. Anteroposterior

Fig. 101 (above).
roentgenogram after manipulation. (MacAusland.)

Fig. 102. Case 1. E. M. Lateral roentgenogram after
manipulation. (MacAusland.)

radius and the scaphoid. Limited motion re-
sulted; ankylosis did not recur. The second
case was that of a woman who had multiple
arthritis of 6 years’ duration. Elbows, ankles,
knees, and hips were involved. On one wrist
he made a longitudinal incision over the ulnar
styloid process, dissected down on the ulna,
and with an elevator separated the muscles,
tendons, and arteries. Care was taken not to
dissect the periosteum from the bones. A
pedicled ulnar flap from the outer surface of
the wrist was passed over the ends of the
bones, and the tip was brought to the radial
side of the joint, where it was fastened. A
radial flap was interposed in like manner. The
arm was dressed in slight anterior flexion and
held in an elevated position.

Five weeks later, Murphy operated on the
other wrist, the carpal bones and ulna and
radius of which were completely ankylosed.
Only a radial incision was made. The lower
ends of the ulna and radius wereresected about
five-eighths inch to three-fourths inch. The
division of the ankylosis was semicircular with
concavity upward. A flap from the dorsum of
the radial side of the forearm was interposed
and fastened to the joint capsule on the ulnar
side.



48 SURGERY, GYNECOLOGY AND

,Spm.v(vurg“,(,_

Fig. 103. Line of incision used
in author’s technique.

The right wrist had an almost normal con-
formation; the left wrist luxated slightly.

In 1922 I did an arthroplasty in the follow-
ing case:

CasE 1. E. M. On May 12, 1922, patient fell
through a pane of glass, cutting the right wrist. This
was followed by infection, resulting in ankylosis in
deformity of 25 degrees flexion. Scars from numerous
incisions during sepsis were present.

When I first saw the patient, he had power in all
tendon groups, but was unable to make a fist, and
the wrist was ankylosed in 25 degrees flexion de-
formity. Roentgenograms showed considerable
atrophy and periarthritic changes with some
posterior displacement of the tip of the ulna (Figs.
07 and ¢8). Manipulation into the hyperextended
position was done in August, 1922, and a plaster
applied.

August 23, 1922. Patient could bend fingers. Use
encouraged while in plaster.

September 25, 1922. Plaster cast removed and
hyperextension splint applied. Baking and massage
daily. Wrist in good position and, although motion
of fingers had increased and the wrist was in hyper-
extended position, there was no wrist-joint motion
(Figs. 99 and 100).

October 30, 1922. Roentgenogram shows anky-
losis between the scaphoid, semilunar, and the end of
the radius (Figs. 101 and 102). Arthroplasty of the
wrist was advised.

November 7, 1922. Operation.

Srouldiao .

Fig. 104. Cutting out the joint line
with curved chisel and removal of a
small amount of bone.

OBSTETRICS

Spaylding”

/oo

Fig. 105. Making convex and concave
surfaces smooth with file.

Operative technique—author’s method. Poste-
rior incision 5 inches long (Fig. r03). Skin and
superficial fascia clamped off with towels. In-
cision then made over fascia and posterior
ligament and both retracted. Common ex-
tensors retracted outward, and the extensors
of the thumb were retracted inward. An
incision was then made over the capsule of
the old joint, which was carefully saved and
retracted laterally. With a curved chisel the
scaphoid and semilunar were separated by
osteotomy from the radius. The lower end of
the radius was re-shaped and made to ap-
proximate as near as possible the normal radial
end. One-fourth inch of the carpus was re-
moved and the carpus very carefully rounded
to conform to the opposing radial end (Figs.
104 and 105). A piece of fascia was then re-
moved from the outer side of the lower thigh
of the right leg and sewed between these
surfaces with interrupted chromic i, 10
was sutured first to the anterior capsule of the
joint, then to the posterior capsule, well over
the head of the radius (Figs. 106 and o)
The (?ld capsule of the joint was then closed
with interrupted chromic catgut and the skin
was closed with continuous catgut. The hand
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Fig. 106 (at left).
Fig. 107. Suture of fascia lata to posterior capsule.

was placed in a cast in hyperextension. The
plaster was allowed to remain on 3 weeks and
then was split down the side and gentle
passive motions begun (Figs. 108 and 109).
Active motions were encouraged.

November 20, 1922. Treatment continued. There
was no discharge. An X-ray showed separation be-
tween carpus and radius as a result of arthroplasty
(Figs. 110 and 111).

November 27, 1922. Hand was in good condition.
No pain, and use of the fingers had increased.
Hyperextension splint applied. To have daily baking
and massage with motion.

January 22, 1923. There was 10 degrees lateral
motion in the wrist, hand flexion 5 degrees, hyper-
extension 35 degrees to 4o degrees (Figs. 112 and
113). The patient could almost make a fist. His
inability completely to close fingers was due to the
old sepsis involving the sheaths of the tendons. He
has no pain and wishes to go to work.

I feel that the function will increase as time goes
on.

FINGERS

Unfortunately, the phalangeal joints lend
themselves poorly to plastic work, due to the
fact that, in most cases, the injury which
causes the ankylosis also damages the tendon
sheaths and the tendons. As a result rapid
and extensive atrophy follows, rendering the
skin and subcutaneous tissue very delicate.

Suture of fascia lata to anterior capsule.

So tender are all the structures with which the
operator comes in contact that, even though
he uses the best technique, he is baffled. Not
until the metacarpal row is reached can the
operator feel that the chances of success favor
plastic work, and here only in the presence of
intact tendons and sheaths.

In 1908, Hofmann (87, b) reported a case of
fibrous ankylosis of two interphalangeal joints
of the same hand, in which he interposed
periosteal transplants from the tibia. Six
weeks after the operation there was good
passive but no active mobility.

Eloesser (60) secured a good result by im-
planting a finger joint from the cadaver.

Goebell (72) also obtained a good movable
joint by implanting a toe joint in a finger re-
sected for severe arthritis deformans.

Hammesfahr (78), in 1912, reported trans-
planting the joint of the second toe with capsule
and ligaments between the proximal phalanx
of the middle hand bone. The result has been
very satisfactory; the patient can move the
joint freely in all directions; there is only
slight lack of bending ability.

In 1922, Oehlecker (126) reported good
results, after 6 years, in transplanting the
entire finger joints taken from the patients
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Fig. 108. Fig. 109.

Fig. 108. Case 1. E. M. Lateral roentgenogram 2 months
after arthroplasty.

Fig. 109. Case 1. E. M. Anteroposterior roentgenogram
2 months after arthroplasty.

themselves and from other persons. The re-
sults in the autoplastic cases were the better.

Roepke (156), in 1913, operated for finger-
joint ankylosis and mentioned that he had
success with free fat transplantation.

Payr (134, b), in 1914, recommended arthro-
plasty of the fingers, using pedunculated im-
plants of flaps of tendon sheath from the
palmar side of the hand. He reported two
arthroplasties of the interphalangeal joints
with favorable results.

Gallagher (67), in 1915, reported the result
of an arthroplasty for traumatic bony anky-
losis of a proximal interphalangeal joint of the
fourth finger. He does not describe hismethod.
In 2 months the patient could lift and carry on
the joint 7.75 pounds. There was voluntary
flexion to about 45 degrees and extension to
about 170 degrees. He has devised a simple
apparatus to give proper exercise to the joint.

Hamilton (77) reported success in arthro-
plasties on the phalangeal and metacarpo-
phalangeal joints. The same principles are in-
volved as in arthroplasty on the larger joints.
The incision for all phalangeal joints is made
parallel to the long axis of the finger. A mid-
lateral incision is made on either side down to

Fig. 110. 191G, i

Fig. 110. Case 1. E. M. Roentgenogram after arthro-
plasty. (In plaster.)

Fig. 111. Case 1. E. M. Roentgenogram after arthro-
plasty. (In plaster.)

the capsular ligament. For metacarpo-
phalangeal joints an incision is made at the
junction of the posterior and lateral surfaces
on either side. The bones are mobilized by
sawing two nicks about one-sixth inch apart.
All fragments of capsular ligament are re-
moved. In the thumb he recommends the use
of a free flap. Extension is applied by means
of a splint and adhesive plaster. Passive
motion is instituted after 2 or 3 weeks. A case
is cited of virulent polyarthritis which left a
man with bony ankylosis of the thumb joint
and proximal phalangeal joint of the index
finger of the right hand. Within 6 months
after arthroplasty the patient was accepted as
a naval recruit by the United States Navy.

Verral (187), in 1920, reported his belief
that the proximal joints can be treated by
arthroplasty, using free fascial graft. Meta-
carpophalangeal joints afford a good field; for
the first, second, and fifth fingers enough sub-
cutaneous tissues can be obtained locally; for
the third and fourth fingers he used fascia lata.
The flap is cut in a strip 3 inches by 1 inch,
folded in half and sewed up into a bag which
is slipped over the metacarpal head and
secured by catgut.
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Fig. 112 (at lef.t). Case 1. E.M. End-result 2 months after arthroplasty. Volun-
tary hyperextension 35 to 40 degrees.
Fig. 113. Case 1. E. M. End-result plantar flexion, 2 months after arthroplasty.

Hesse (84), in 1922, reported on fourteen
cases of finger mobilization. On the middle
joint, he made a lateral incision, resected the
head of the basal phalanx after separation of
the lateral ligaments. In two cases, a layer of
periosteum from the tibia was placed over the
resected end. In 1o months, one patient had
complete working ability of the finger. In 315
months, the other patient had active mobility
of 120 degrees and normal extension. In the
twelve other cases, free fascia lata transplan-
tationwas used. In tencases, the patientswere
benefited, securing satisfactory mobility. In
one case, the fascia sloughed and there was no
betterment. In another case, there was short-
ening to about 2 centimeters, active motion in
the basal joint too degrees, but no movement
in the middle joint and strong lateral motion.
In four of the cases, it was necessary to remove
the fascia.

ANKLE

Ankylosis of the tibio-astragaloid joint, if at
a right angle without varus or valgus, is a
functional joint with which, in my opinion, we
should not interfere. Although a weight-
bearing joint may be obtained from arthro-
plasty, instability, pain, and sensitiveness may
result.

In a slight ankylosis of the ankle in good
position, there is only a slight limp. If, after
experience in years to come, stability may be
assured with an arc of motion without pain
and sensitiveness, then and only then will
arthroplasty be indicated.

Ochsner (125), in 1912, reported that in case
operation was necessary for ankle deformities
he used the resection method, removing the
necessary amount of bone in a transverse line.

His cases have been successful, and the
patients can usually walk in 2 weeks. In case
of severe ankylosis without deformity, he is
opposed to arthroplasty.

Ashhurst (7), in 1915, cited the case of a boy
with bony ankylosis of the right ankle, with
the foot in a position of equinus at 140 degrees
with the leg. There were deep scars on the
leg and foot. Ashhurst incised down to the
bone on the outer side of the tarsus from below
the external malleolus to the extensor tendons.
The soft parts were raised from the bones.
Another incision 1 inch long was made on the
inner side of the ankle joint in front of the
internal malleolus and parallel to the tibia.
The wounds were joined by burrowing. A
wedge of bone, cut with its base on the dorsum
of the tarsus and its apex at the posterior
surface of the ankle joint, rendered the foot
movable. Fascia lata from the left thigh was
inserted. The result was free voluntary motion
of about 1o degrees, with the foot not quite at
a right angle. The hallux valgus caused ex-
treme deformity.

A second operation was performed in which
the head of the metatarsal was removed and
the toe put in position. The tendon of ab-
duction hallucis was inserted. The tendo
achillis was lengthened by the “Z’’ operation.
One month later there was free voluntary
motion in the ankle from 85 degrees to 95
degrees and passive motion from 85 degrees to
110 degrees. Dr. Ashhurst looked for further
improvement.

One would hardly feel that 1o degrees
motion in an ankle warranted the attempt to
mobilize it. An ankylosis, corrected into
proper position, would be useful and mobili-
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Fig. 114. Line of incision as used by Fig. 115. Flap dissected back. Fig. 116. Excision of small amount
author. of bone.
2
{a.,

Fig. 117. Rounding of distal end

Fig. 118.
of metatarsus.

metatarsal shaft.

zation might result in a sore and painful
joint.

Steindler (174), in 1916, reported two cases
in which pedunculated fascia flaps were used.
One case was the result of a fracture of the
astragalus and collum astragali, with supina-
tion deformity, and the other the result of
fracture of the internal and external malleolus
and impingement of the body of the astragalus
on the fractured end of the tibia and fibula.
No results were recorded.

Ceballos (30), in 1917, used a free flap of
fascia lata in a case of complete tibiotarsal
ankylosis in a right angle. No result is
given.

Baer’s (9, a) one case of arthroplasty on the
ankle was reported in 1918. Itisof interest, as
a bone graft of fibula was inserted before the
arthroplasty could be made. The membrane
was inserted between the astragalus and the
fibula. Voluntary motion of 30 degrees was
obtained, and the patient walks with comfort.

Filing and smoothing of

f,\*‘“}ﬁx

Fig. 119. Flap sewn in place.

Reich (150), in 1919, issued his views on
arthroplasty of the ankle joint, which he con-
sidered one of the most satisfactory mobiliza-
tions. Observations were made in various
cases operated upon, which showed that the
desired 20 degrees to 30 degrees range of
mobility was not obtained. This, Reich be-
lieved, was because in operation the tibia was
again made concave and the astragalus con-
vex. As the mobility attained by the natural
joint is closely connected with the height of
the astragalus over the posterior segment of
the foot, the slightest diminution of this height
interferes with the movement, for the margins
of the concave plane of the tibia strike against
the astragalus anteriorly and posteriorly. In
arthroplasty a decrease in the height of the
astragalus seems unavoidable.

Reich recommended an inversion of the
natural form of the portions of the joint, mak-
ing the surface of the tibia convex and the
astragalus concave. The flaps of fat are laid
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Fig. 120. Case 1. D. R. Anteroposterior roentgenogram
20 months after arthroplasty.

between the surfaces. With this inversion,
the axis of the joint mobility will be changed
downward without the lateral ligaments being
adapted to it, but this new mobility is not so
much of the joint as of the rocking motion
which furnishes a useful substitute for the
former.

METATARSOPHALANGEAL JOINTS

The metatarsophalangeal joints, with the
exception of the first metatarsophalangeal
joint, never call for arthroplastic measures.
These joints, in fact, are rarely stiff. The
fascia-flap method gives an excellent result in
the operation on the first metatarsophalangeal
joint.

Operative technique—author’s method. After
thorough preparation of the part and the
application of a tourniquet, an incision is
made, beginning on the lateral aspect of the
first phalanx and extending parallel to the
shaft, curving to the lateral dorsal surface
over the region of the joint and then back to
the lateral aspect of the first metatarsal (Fig.
114). This flap is then dissected down and re-
tracted with double hooks. A curved incision
is then made through all remaining tissue, in-
cluding bursa, capsule, and fascia. This in-
cision begins near the base of the first meta-
tarsal on the lateral plantar surface and
sweeps about one-fourth inch over the base of
the first phalanx to a corresponding position
on the lateral dorsal aspect of the first
metatarsal. The flap is dissected back, ex-
posing the old joint (Fig. 115). About five-

gt o Case R DR Pateral Sroenteenogramioe)
months after arthroplasty.

eighths inch of the head of the first metatarsal
is then removed and all edges smoothed with
a file or shoemaker’s rasp (very important)
(Figs.116,117,118). A chromic suture is then
passed from the plantar surface into the
cavity and through the flap, making a mat-
tress suture, and then the needle is passed
through the cavity to the outer plantar sur-
face and the flap firmly pulled into the cavity
over the end of the metatarsal head (Fig.
119). The skin is closed with continuous
catgut and a dry dressing applied. The toe is
bandaged in inversion and slight plantar
flexion, opposite to the usual deformity.

Weight-bearing is allowed in 2 or 3 weeks,
at which time passive motion and hydro-
therapy are of use. Activity depends upon the
amount of swelling and pain, and motion is
limited accordingly. The results of mobiliza-
tion of the joint are excellent.

Crgz w, 10, IR, aEe 45 I 1idomesy, tepi, 1L
operated for a case of double hallux valgus, using the
technique I have outlined.

For years this patient had complained of increas-
ing pain and stiffening in the toe joints. More
recently she complained of loss of motion and en-
largement of the joints. Physical examination
showed a marked exostosis on the top and inside of
both toe joints, with limited motion. Excision of the
distal head of the first metatarsus and insertion of a
bursal flap was advised.

February, 1921. In the operation o.5 inch of the
distal head of the first metatarsus was removed.

April 8, 1921. Good motion. Anterior arch
padding. Subsequent convalescence without pain
or swelling. Elastic cuffs advised.

November 17, 1922. Motion perfect.
to 125.)

(Figs. 120
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190, 1199, Fig. 123.

Fig. 122. Case 1. D. R. Toes of right foot in dorsi-
flexion 21 months after arthroplasty.

Fig. 123. Case 1. D. R. Toes of right foot in plantar
flexion 21 months after arthroplasty.

Murphy (120, b), in 1913, secured good mo-
tion in 18 days in a case of ankylosis of the
phalangeal and metatarsophalangeal joints.
Leucorrheea of 4 years’ duration had been the
cause of stiffness. Murphy made an incision
on the dorsum of the toe and used a flap of fat
and fascia from the inner side of the foot with
base upward.

In 1916, Murphy (120,b) outlined his opera-
tive technique for hallux rigidus as follows:
A curved incision with convexity outward
along the extensor tendon; incision of the
tendon to elongate it; metatarsal head re-
sected and bursal capsule used as the inter-
posing flap.

Putti (145, a), in 1913, reported an arthro-
plasty on an ankylosed metatarsal phalanx of
the hallux. He made a longitudinal cut on the
internal side of the metatarsal phalanx, re-
moved two large sesamoids that contributed
to the stiffness, removed all capsule, and inter-
posed a flap of fascia lata, wrapping the two
surfaces. The extensor tendon was shortened.
A plaster cast was applied to keep the hallux
in a dorsal position. The postoperative treat-
ment was regular. The stitches were removed
on the ninth day, and gentle passive move-
ment was begun.
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RECURRENT DISLOCATION OF THE PATELLA

WitH REPORT OF SiXTEEN CASES

By W. RUSSELL MAcAUSLAND, M.D., BosToN
Surgeon-in-Chief, Orthopedic Department, Carney Hospital
AND
ARTHUR F. SARGENT, M.D., BostoN

Assistant Surgeon, Orthopedic Department, Carney Hospital

ﬁ NUMBER of factors play important
roles in recurrent dislocation of the
patella. Trauma is unquestionably
important and frequent in the initial displace-
ment. It is less important in recurrences.
There is an inward twisting at the knee to-
gether with a blow or pressure on the outer
side of the leg, and associated with this is
always a strong sudden contraction of the
quadriceps muscle.

Recurrent outward displacement of the
patella is a lesion peculiar to young girls
during their growing period and tends to
persist into adult life. Usually the first
displacement occurs between the ages of
12 and 18 years and this initial displacement
is more painful and disabling than subse-
quent ones. Injury and excessive knock-
knee are the chief etiological factors. The
displacement occurs with the strong con-
traction of the quadriceps muscle, usually
early in the act of knee flexion, since in
ten to twenty degrees’ flexion, the femur
easily rotates inward on the tibia and an
exaggeration of the knock-knee takes place.

There is a long line of contributing factors
which aid these recurrences. Among these
are found so many common postural condi-
tions affecting the knee joint that it seems
improbable that they alone can be the excit-
ing etiological factor. The most constant
contributing factors are:

1. Heredity. Abnormal mobility and laxity
of the knee, associated with poor general pos-
ture are occasionally hereditary peculiarities.

2. Weakness of the quadriceps extensor
muscle with resultant laxity of structures
about the knee joint.

3. Static defects. Knock-knee has been
long associated with this lesion but the
frequency of knock-knee and the infrequent

number of slipping patelle rather weaken this
as a strong etiological factor. It is necessary
that the outer ridge of femoral condyles be
poorly developed. Probably all postural de-
fects act as factors only secondarily through
this associated developmental defect.

4. Flat feet give static strain on the inner
side of the knee joint and may contribute that
additional twist which aids displacement.

5. Elongated patella tendon with relaxed
synovial membrane and capsule, both usually
due to chronic synovitis. The distention
of the joint causes stretching of all the
retaining structures.

6. Imperfect development in size and
shape of the patella in relation to the ex-
ternal condyle will allow the patella to slip
more easily to the outer side.

7. Imperfect development in the size and
shape of the external condyle is important.
Graser (9) did a supracondylar osteotomy
in one case in which he felt this faulty rela-
tion required correction.

That the external condyle is occasionally
underdeveloped and does not thereby offer
a bony resistance to the displacement, is ac-
knowledged by Albee (2) who has used a bone
graft to correct this anatomic defect, tilting
the outer rim of patellar surface of the femur
to block the lateral thrust of the patella.

Of the above lesions, the lateral tendon
attachment and the faulty condylar develop-
ment are the most constant pathological
findings. Static defects and capsule relax-
ation are important in releasing the normal
factors restraining displacement.

DIAGNOSIS
The patient usually makes the diagnosis,
giving the history of (a) severe initial dis-
placement, (b) recurrences, (c) constant fear



Figs. 1 and 2. Jones knee brace with pad attached.

lest displacement recur—with resultant in-
activity.

The initial attack is most painful. The
knee is flexed and the patella is found on
the outer side of the condyle. Following
reduction, expecially in the initial attack,
an acute synovitis develops.

TREATMENT

A. Acute attack. The treatment of the
initial attack calls for immediate reduction
of the displacement. This can usually be
accomplished by sudden extension of the
leg with pressure of one hand against the
outer condyle, pushing the patella to the
median line. The injury calls for immobili-
zation by means of plaster for 3 weeks, and
were this done following the original injury
recurrences would be less frequent.

B. Recurrent attacks. The treatment of
recurrent attacks may be divided into (1)
supportive, (2) stimulative, (3) correction of
static errors, (4) operative.

1. Supportive treatment in the earlier at-
tacks usually gives the patient confidence.
This may be obtained by the use of a split
knee cap with a crescentic pressure pad to aid
in holding the patella in place or it may re-
quire a Jones knee brace with a pad attached
(Fig. 1). These should not be used with-
out stimulative treatment, and if used too
long are apt to cause varicose veins and
cedema of lower leg from constricting straps.

2. Stimulative treatment consists of (a)
baking and massage, which will to a degree
give tone to the relaxed ligaments; (b) ex-
ercises to strengthen muscles and ligaments
and to develop postural strength.

SURGERY, GYNECOLOGY AND OBSTETRICS

3. The correction of static errors is most
important. In many of these cases there is
marked abduction of the feet (weak or flat
feet). This should be corrected in all cases
by the Whitman type of foot brace. This
correction counteracts in a mild degree a
moderate knock-knee. In spite of conserv-
ative measures, the knee frequently remains
not dependable. In such cases operation
should be considered.

4. Operative methods. The operative meth-
ods are (a) capsulorrhaphy, (b) transplanta-
tion of part of patella tendon, (c) transplanta-
tion of bony insertion of patella tendon.

Capsulorrhaphy. Alone this operation has
been a distinct failure. In conjunction with
other procedures, it might be used, provided
the length of time of the disability has been
such as to cause the inner capsule to relax
markedly and secondary deformities to de-
velop. The authors have never done this, how-
ever, either alone or in conjunction with the
following methods.

Transplantation of part of patella tendon.
In the early cases of the authors, this pro-
cedure was followed, all cases showing good
results. The objections, however, are—

1. Twisting of half of the patella tendon,
which, although bringing more tautness be-
tween outer side of patella and external
condyle, is open to the danger that relax-
ation of this tendon may take place. In
general, a muscle cannot function in two
places at once.

2. Splitting of tendon, sewing and handling
ends cause them to fray and make it im-
possible to secure a clean, firm anatomic
attachment, whether subperiosteal or into
a bony cavity. The patella tendon is sur-
prisingly thin and, on account of this tend-
ency to fray, it is almost impossible to
suture. We have, therefore, come to use
only the bony transplant operations.

Technique of transplantation of patella ten-
don (Figures 3, 4, 5, 6 and 7). Usual two-
day preparation. Tourniquet.

A curved incision is made from the inner
side of the patella well down over the attach-
ment of the patella tendon (Fig. 3). The skin
is clamped off with towels. The patella ten-
don is exposed to view. An incision is made
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Fig. 3. Drawing showing line of incision.
through the thin fibrous covering of the ten-
don which is then gently retracted and
preserved as far as possible for resuture
(Fig. 4). An incision through the center of
the patella tendon is then made from the
patella to the tubercle (Fig. 5), cutting it off at
this point on the outer half. This half is
then quilted with chromic catgut No. 3,
turned in under the inner remaining half
and sutured in a bony groove as far as possi-
ble to the inner side, on the inner face of
the tibia (Fig. 6). The periosteum is then
pulled over this insertion and the thin cap-
sule pulled over these tendons (Fig. 7). The
skin is closed with continuous catgut No. 2.
Dry dressing is applied, followed by plaster
from the toe to the groin. This plaster re-
mains on for 10 weeks and is followed by
gentle passive movements, baking and mas-
sage of thigh and calf, and increasing use.
(See report of cases by authors, 1, 2, 3, 7, 8,
and our cases 12, 14, and 15.

Transplantation of the bony insertion of the
patella tendon. (Figs. 3,8,9.) This procedure
appeals from an anatomic standpoint as well
as being practical and simple. The tendon
is neither weakened nor traumatized. Thereis
no suture through tendon and tendon strength
is preserved. Results are excellent. (Cases
from literature, 4, 8, our cases 13 and 16.)

Operative lechnique. Two-day preparation.
Tourniquet.

RECURRENT DISLOCATION OF PATELLA 3
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Fig. 4. Cutting outer half of patella tendon in slipping
patella.

A long curved incision is made halfway
between the inner condyle and patella, curv-
ing over the tibial tubercle. The skin wounds
are clamped off with towels, and the patella
tendon with fascial covering is exposed. A
light incision is made through the fascia
from the inner border of patella to below the
tibial tubercle; this covering is dissected,
quickly clamped and retracted to right and
left to be resutured later over the tendon.
A wedge of bone the size of a thumb-nail
is then removed, including the attachment
of the inner half of the patella tendon. The
patella tendon is split in half and a similarly
symmetrical bony wedge removed from the
inner surface of the tibia at a point that will
take the tendon bone graft. The bony
transplant is forcibly wedged into its new
bed, the periosteum sutured with fine chro-
mic gut, the light fascial covering resutured,
and the skin closed with continuous catgut
No. 2. Plaster is applied from ankle to groin
and should remain on for 1o weeks. Follow-
ing this, gentle motions, use, and massage
should be conscientiously carried out.

CASE ABSTRACTS

Case1. K. A, age 18, first seen March, 1gr5. The
left knee cap had slipped out of place 3 or 4 years
ago following injury to knee. Four months later
while playing tennis ‘‘knee went out” agamn. Since
then this has recurred at intervals. Physical exam-
ination was negative except for local condition. Any
attempt to move left patella is received in a very



Fig. 5. Operation for transplantation of patella tendon.
Note skin incision and the incision through the fascia
covering tendon. Note longitudinal division of tendon.

Fig. 6. Running a line of silk sutures up and down the
upper half of the patella tendon.

apprehensive manner by the patient, especially
when it approaches the external condyle. Slight
pronation of both feet. X-rays of knee are negative.

Diagnosis. Slipping patella, and operation is
recommended.

Operation. Transplantation of the outer half of
the patella tendon into the periosteum of the tibia.

Result. Up to March, 1920 (5 years), there had
been no recurrence. Perfect function.

CasE 2. Miss R, age 17, first seen August, 1912.
Fourteen years ago patient fell against an oil stove
and pushed the patella out. Since then this has
slipped out at various intervals. Physical examina-
tion showed very relaxed capsule on the inner side.
Any attempt to displace patella is very painful.

Diagnosis. Slipping patella, and operation is
recommended.

Operation. Transplantation of the outer half of
patella tendon into the periosteum of the tibia.

Result. Perfect function of knee. No recurrence
to date (9 years).

CASE 3 KESage st first seensin " April S ror8:
About 5 years ago following an injury to the right
knee, the right patella began dropping to one side.
Has been treated with plaster casts, etc. Since the
first attack the patella has slipped out seven different
times. Physical examination was negative, except
for local examination. The right knee is slightly
swollen. All motions are limited and very painful.
No surface heat.

Diagnosis. Slipping patella, and operation is
recommended.

Operation. Transplantation of the bony insertion
of patella tendon into tibia.

Result. Perfect function. No recurrence to date
(322 years).

CASE 4. L. H., first seen February, ror7. Since
childhood has had a weak right knee which often
twisted without warning, causing patient to fall to
the ground, after which knee would be swollen and

)
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Fig. 7. Note the external half of the patella tendon has
been sutured, passed under the internal half and is sutured
subperiosteally. The wound is closed in the usual manner
with continuous catgut suture.

very painful. Following a fall, 3 years ago, right
knee has been limited in motion. Physical examina-
tion was negative except for local condition. The
right knee is swollen and tender. Patella approaches
outer side of knee. Extension is normal, flexion is
painful and limited. The patella slips to outer side
of knee when knee is flexed. Some grating under
patella on motion.

Diagnosis. Slipping patella, and operation is
recommended.

Operation. Transplantation of bony insertion of
patella tendon into inner side of tibia.

Result. Good function, no recurrence. January,
1921: ‘“On the whole it seems to be greatly im-
proved. There is no slipping of the knee-cap and,
although it is somewhat weak and occasionally
wrenches enough to throw me, it does not hurt as it
used to and no swelling follows. I have a little more
than half motion, but do not limp at all.”

CasE 5. A. C., first seen June, 1grr. Fifteen
years ago patient fell through a piazza, striking on
left knee. Since then has had attacks of patella
slipping toward the outside of the knee, causing
extreme pain and discomfort often lasting several
hours. Last attack 2 years ago and since then knee-
cap has been very loose. Physical examination
shows left patella freely movable and can be carried
well beyond median line on outer side.

Diagnosis. Slipping patella, and operation is
recommended.

Operation. Capsulorrhaphy (by another surgeon).

Result. (?) Case has been lost.

CASE_G. W. T, first seen July, 1906. Four years
ago patient fell, striking on the outer side of the left
foot, bending the knee inward. After that the knee
has often “given out from under him.” Feels in-
secure and has been wearing knee-cap and bandage.

The patella tendon is loose and attached to-
ward the outer side of the median line of eSS
also tilted down to the outer side of the knee. The
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Figs. 8 and 9. Showing method of transplanting bony insertion of patella tendon.

internal condyle is prominent. The leg cannot be
fully extended and there is slight crepitation under
the patella.

Diagnosis.
recommended.

Operation. Transplantation of the outer half of
the patella tendon into periosteum of tibia.

Result. Not satisfactory. Previous operation did
not accomplish all that was desired so about 8
months later a rotation osteotomy was done just
above adductor tubercle, the condyles being placed
in their normal relationship. This operation resulted
in normal function of the knee.

Case 7. B. D, first seen July, 1go8. Knees have
always turned in. Left knee has “given way under
her’” when walking. Has had several attacks during
the last few years. Physical examination shows
knees in semi-valgus position. There is also about
5 degrees’ lateral mobility in full extension. Both
patelle are abnormally movable. The tibial tubercle
is congenitally misplaced, being nearer the external
edge of tibia than is normal.

Diagnosis. Slipping patella, and operation is
recommended.

Operation. Transplantation of outer half of patella
into periosteum of tibia.

Result. Immediate result good but patient has
since disappeared.

Case 8. J. M., first seen November, 1904. About
12 years ago patient’s knees began to “give way”
from beneath her. The attacks came suddenly and
she would fall. These occurred at intervals of week§,
always associated with swelling of the knee and ‘it
always felt as if something came out from the in§1de
of her knees.” Physical examination was negative,

Slipping patella, and operation is

except for local condition. Motions of knees are
normal. On complete flexion, the patellz move
toward outer aspect of knee. Patient has a slight
knock-knee.

Diagnosis.
recommended.

Operation. Transplantation of the outer half of
patella tendon into periosteum of tibia.

Result. Normal function. No recurrence to date
(17 years).

CasE 9. Mrs. T. C. K., first seen March, 1g12.
Patient has had trouble with her feet for years. At
the age of 1o years her left knee began to slip out at
frequent intervals. Six years later her knee was
operated upon by another surgeon, a reef being
taken in the capsule. The knee remained well for 4
years when it began to slip out again in spite of the
leather braces and knee-caps she had been wearing.

Diagnosis. Slipping patella.

Treatment. Capsulorrhaphy (by anothersurgeon).

Result. Failure.

Cask 10, A. B, first seen August, 1915. About
19 years ago, left knee-cap slipped out for the
first time. This has since recurred at frequent inter-
vals. Four years ago, this knee was operated upon
for this condition. Several hours (?) ago the patient
tripped, fully flexing the knee. The patella was dis-
placed laterally forcing the femoral condyles
through the inner capsule, the tear being from the
inner tuberosity and the front of the tibia. Patella
tendon is intact.

Diagnosis. Recurrent dislocation of left patella
and ruptured internal lateral ligament.

Treatment. Light plaster cast. Operation later.

Result. Good function.

Slipping patella, and operation is
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SUMMARY OF AUTHOR’S CASES
No Name . Date Original Static Treatment Result Remarks
First Seen ‘ Injury Defects
1 IRERRE Mar., 1915 | Slizht trauma Weak feet. Tendon transplantation | Good No recurrence
2 Miss R. Aug., 1912 | Dislocation of 5 Tendon transplantation | Good No recurrence
patella
3 SR Apr., 1918 | Contusion ? Tendon bone trans-| Good No recurrence
plantation
T Feb., 1917 | Twist ? Tendon bone trans-| Good No recurrence
plantation
5 ALC. June, 1911 | Contusion B Capsulorrhaphy ? L
G || W, July, 1906 | Contusion ? Tendon transplantation | Poor Eight months later
osteotomy done and
condyles placed in
normal relationship
Good result then.
7 1:310) July, 1908 | None Tibial tubercle mis-| Tendon transplantation | Patient lost track| Immediate result good.
placed outward. of
& | oL Nov., 1904 | None Slight knock-knee. | Tendon transplantation | Good No recurrence
9 | Mrs. T.C.K.| Mar., 1912 | None Conservative capsulor-| Poor This case previously
rhaphy operated upon by
another surgeon and
capsule reefed with-
out improvement.
IO WA Aug., 1915 | None None Conservative Good function :
1T Mrs. T.S. M.| Oct., 1919 | None Flat feet Conservative No improvement Operation later
12 19 151, 10, Oct., 1904 | Contusion Tendon transplantation | Good function No recurrence
13 1L, /D), Nov., 1919 | Twist None Bone transplantation Excellent No recurrence
14 ES AL ST Oct., 1911 | Contusion Tendon transplantation | Function normal No recurrence
15 M. H. Nov., 1908 | None None Tendon transplantation | Function normal No recurrence
16 Miss M. R. | Aug., 192¢c | Contusion None Bone transplantation Function normal No recurrence

Case 11. Mrs. T. S. M., first seen October, 1919.
For the last 24 years both knee-caps have been
slipping out. These attacks come on very suddenly
and are very painful. The patient has been wearing
supports for the knees. Physical examination
shows both feet slightly flattened with a moderate
hallux valgus. The patient is wearing very tight
split knee-caps which are causing swelling of the
lower legs.

Diagnosis. Slipping patelle (double).

Treatment. Conservative. Operation later.

Result. No improvement. Refuses operation and
still has recurrent displacements.

Chgm 1z, 18, BL 0, At seen Odebes, neel.
About 4 years ago, patient fell on knee and was con-
fined to bed for a month with leg in splints. Two
and one-half years ago she fell again, and remained
in bed 2 months. Three months ago, she again fell
and had to push patella back in place. Cast worn
one month. Physical examination negative except
for local condition. The entire musculature of the
right leg is flabby and the power in this limb is con-
siderably diminished. Both patell are more mov-
able than normal.

Diagnosis. Slipping patella, and operation is
recommended.

Operation. Transplantation of outer half of the
patella tendon into periosteum of tibia.

Result. Function normal. No recurrence to date.

CASE 13- I DI firstiseen N ovember fong: Hive
years ago patient twisted the left knee. Laid up a
week. One year later fell again, this time striking
on the right knee. A year later her knee slipped out
five or six times, always accompanied by pain and
swelling. Physical examination shows a moderate
amount of fluid in the right knee and any attempt
to push the patella to the outer side is very painful.

Diagnosis. Slipping patelle, and operation is
recommended.

Operation. Transplantation of the bony insertion
of the patella tendon in tibia.

Result. No recurrence; excellent function;
subjective symptoms.

CasE 14. L. A. S, first seen October, 1grx. Nine
years ago the patient injured the knee which became
swollen and painful. Patient was unable to walk.
Knee-cap has slipped out twice in the last 2 years.
Physical examination shows patella unusually mo-

no

bile. Can almost be thrown off to outer side with
ease.

Diagnosis.  Slipping patella, and operation is
recommended.

Operation. Transplantation of outer half of pa-
tella tendon into periosteum of tibia.

Result. No recurrence. Function normal to date.

Cask 15. M. H., first seen November, 1908. Left
knee-cap has slipped out many times within the
last 3 years. Physical examination was negative
except for local condition. Left knee is moderately
swollen. Foss® on either side obliterated. Slight
increase in surface temperature. Complete extension
of knees possible with difficulty. - Both patelle ten-
dons are elongated, those on the left more than the
right. Tibial tubercle is external to mid-line of
patella; the pull of the patella tendon is, therefore,
obliquely outward, the patella being tilted.

Diagnosis.  Slipping patella, and operation is
recommended.
Operation. Transplantation of outer half of

patella tendon into periosteum of tibia.

Result. No recurrence. Function normal.

Case 16. Miss M. H., age 28, first seen August,
1920. In 1915, patient struck right knee against a
chair sustaining an injury which kept her in bed for
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6 weeks. After that she was unable to use the knee
even with a knee-cap and “it kept slipping out.”
Following each attack she was “laid up” from 6 to
8 weeks. Last attack July 7, 1920, following which
she was confined to bed until September 6, 1920.
Physical examination was negative, except for con-
dition'of right knee, which is swollen. All motions
are painful, especially on moving the patella outward.

Diagnosis. Slipping patella, and operation is
recommended.

Operation. Transplantation of bony insertion of
patella tendon.

Result. Excellent function.

BIBLIOGRAPHY ABSTRACTS

_Goldthwait in February, 19o4, reported rr cases of
slipping patellee with the following results: 1 case where
tendon was transplanted with its bony insertion with
good result; 5 cases where tendon was transplanted into
periosteum with good result; 2 cases where tendon was
transplanted into periosteum, not good result; 2 cases
where capsule was quilted with not good result.

Krogius in Zentralbl. f. Chir., Mar. 5, 1904, reported 2
cases (one double) where patella was drawn outward by
tense outer portion of the capsule. He operates as follows:
(1) approach the knee by Kocher incision; (2) incision
from slightly above the patella, down a few inches in
front of its outer edge to insertion of ligamentum patella;
through the iliotibial band, tendinous expansion of vastus
externus and fibrous capsular wall; (3) formation of
bridge-shaped flap on inner side of patella connecting
below with the tendinous expansion of vastus internus and
fibrous capsule and above with muscle and fascia; (4)
transplantation of the flap, left attached at both sides,
across patella at its outer edge.

Result. First case: after 6 months patella slipped out
again. Second case: result perfect after 3 months.

Whitlock in British Journal of Surgery, July, 1914,
gives technique as follows: (1) reefing medial side of cap-
sule with or without opening joint; (2) transplanting in-
sertion of patellar ligament medially; (3) reinforcing the
patellar ligament by grafting tendon of gracilis into it.

Dumferline in SURGERY, GYNECOLOGY AND OBSTETRICS,
April, 1912, describes his technique as follows: patellar
ligament is split, portion is turned up and sutured to the
cut end of the tendon of the semitendinosus with chromic
catgut. Capsule and fascia are then reefed.

Murphy’s technique is given in Murphy’s Clinics vol. iii,
No. 4, August, 1914, as follows; Joint exposed freely by
two longitudinal incisions, one on either side of the patella,
turning the patella with the ligamentum patelle to one
side. Segment of bone between condyles removed to
deepen the groove. Flap of fat and fascia then turned in
from above and sutured over the denuded bone area to
prevent ankylosis of patella to femur. Patella then
replaced. ;

Graser in Deutsche Gesellsch.f. Chir., and Zentralbl.f. Chir.,
July 9, 1904, reports a case where outer con'dyle of femur
stood considerably farther backward than inner condyle
when leg rotated outward. He operated by doing a
supracondyloid osteotomy of femur and twisting the con-
dyles so as to bring outer portion forward and inner con-
dyle farther back. :

Albee in Orthopedic and Reconstruction Surgery describes
his technique as follows:

‘A semilunar skin incision is made at the outer border
of the patella sufficiently long to reach below the txb}al
tubercle and to a point above the external condyle. Avoid-

ing undue disturbance of the underlying joint structures,
the external condyle is penetrated with a broad thin osteo-
tome on its external surface, making a bone incision from
1% to 2 inches long, and situated about 124 to 34 inches
below its anterior articulated surface and nearly in line
with the long axis of the femur. This bone incision al-
lows the anterior surface of the external condyle to be
elevated to a plane above the internal condyle, by pro-
ducing a greenstick fracture near the intercondylar groove,
the object being to place a permanent and rigid obstacle
in the way of outward displacement of the patella.

“When the anterior segment of the external condyle has
been obliquely elevated to a sufficient degree to secure the
desired obstructing effect, the width of the bone-gap thus
formed is measured, and a section of bone sufficiently large
to fill this cuneiform opening is removed from the crest of
the tibia through the lower portion of the original skin
incision, extended below the tubercle for this purpose.
This bone-graft wedge can be easily and quickly procured
by the use of the motor-saw. Before the graft is removed,
it is drilled obliquely in one or two places with a motor-
drill so that it may be pegged to the under portion of the
external condyle after it has been put in position. Dowel
pins, made from an additional portion of the bone removed
from the crest of the tibia at the time the graft is obtained,
and rounded by the motor-lathe to fit the drill holes in the
graft, are driven into place.

“The cancellous structure of the condyle is easily
penetrated by the bone-graft pins, but if any difficulty is
encountered, the motor-drill can again be inserted into the
holes already made in the graft and these prolonged into
the external condyle. The ligaments and tendinous ex-
pansions are sutured over the graft with kangaroo tendon,
thus securely holding the elevated portion of the condyle.
The skin wound is closed with a continuous mattress suture
of plain catgut, without drainage, and the leg from toes to
groin is encased in a plaster-of-Paris splint in which it is
allowed to remain for 3 weeks; at the end of this time
passive motion and massage are begun.

“The advantages of this procedure are that with no
sacrifice of joint cartilage, a minimal amount of joint
injury is produced at the time of operation, thereby greatly
lessening the dangers of limitation of motion and the forma-
tion of adhesions, and that the permanent blocking of any
further tendency to displacement of the patella is effected
by the actual elevation of the external condyle or an actual
restoration of the normal mechanico-anatomical conditions.
The soft parts are not interfered with. The only further
suggestion in the case of extremely lax and stretched inter-
nal capsular ligaments is their plication with kangaroo
tendon; this, however, is usually unnecessary, for if the
external condyle is propped well forward, all requirements
are fulfilled.”
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TRANSPLANTATION OF THE ENTIRE FIBULA IN CASES OF
LOSS OF TIBIA FROM OSTEOMYELITIS
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ASSISTANT SURGEON

In April, 1912, the author * reported the results of the transplantation
of the entire fibula as a substitute for the loss of the tibia in the same leg
following osteomyelitis. The values of such transplants are several: First,
the dangers from infection following a small exposure are largely minimized,
as compared with a tibial graft. Second, failure is practically impossible,
owing to the fact that the blood supply of the fibula is not disturbed. Third,
the bone rapidly hypertrophies to take up the added weight and leaves no
defect from the absence of the fibula. Fourth, fracture of graft is impossible.

The entire transplantation is, of course, used only in those cases following
osteomyelitis of the tibia where no regeneration has occurred and the dis-
ability therefore is complete.

In practically all cases of osteomyelitis of the tibia, the upper and lower
cpiphyses remain the limiting barriers and are undisturbed so that the growing
portions are not usually totally destroyed.

Technic of Transplantation—Following careful preparation of the leg,
an incision three inches long is made hetween the head of the fibula and the
head of the tibia (see Drawing No. 1A) (Fig. 11) being careful not to injure
or divide the peroneal nerve as it passes over the fibula.

The remaining tibia is then cupped out to take the fibula graft.

A longitudinal slit is then made in the periosteal covering of the upper
fibula and the outer half gently freed from the fibula. The fibula is then
osteomized as high as thought practical and by means of heavy traction is
pried into this tibial cup. It is usually best to deepen this cup a little, thereby
gaining better and quicker union. (See Drawing No. 1B.) (Fig. 12).

By leaving the periosteum on the outer side of the fibula intact both to
the remaining fibula head and to the outer transplanted shaft, we gain a
periosteal bridge which will often develop a bony bridge, thus more efficiently
uniting the fibula and tibia. (See Cases I, IT and I1L.)

The use of wire is unwise as union is always delayed in the presence of
a foreign material. The wound is closed in the usual manner and a plaster
applied from the toe to well above the knee. This remains on for two months,
after which, a similar operation is performed on the lower leg. (See Drawing
No. 2A and 2B) (Figs. 13 and 14) and diagrammatic sketch, (Fig. 10).
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Usually two months following the second operation, weight-bearing is
permitted, and either plaster or a caliper brace is used for a period of six
to eight months.

It is surprising how quickly bone hypertrophy follows in the fibula with
this added responsibility.

Note that the hypertrophy in Case I reached nearly the proportion of a
normal tibia.

Observations.—1. Union is solid and takes place in record time.

2. The fibula hypertrophies, as seen in Case I of seven years’ standing,
and in Cases 1l and III of four and a half years and nine years.

3. Growth of leg continues and does not seem to be retarded.

Case I—A. L. This was a case of a young girl who in January, 1915, had an
osteomyelitis of the left tibia and the right femur. She was admitted to the
hospital on June 10, 1912.

Physical Examination—Negative except for the local examination, which
showed many discharging sinuses over the left tibia and the right femur. Wasser-
mann negative.

On June 25, 1915, the entire tibia was removed from the epiphysis to epiphysis
and plaster cast applied from groin to toes. Femur curetted, troughed and packed.

On March 1, 1917, there was no regeneration of the tibia—all wounds healed.

February, 1918, upper end of fibula transplanted into upper epiphysis of tibia—
wound healed with only slight discharge in three weeks.

November 4, 1920, lower end of fibula transplanted into lower tibial epiphysis.

Wound healed in three weeks. Plaster case applied following each transplant
from toes to groin. (See X-rays, Figs. 1, 2, 3, and 4.)

Functional result excellent seven years after operation.

Case II.—N. G. This is the case of a young boy who had an acute osteo-
myelitis of the tibia in April, 1917, which resulted in marked destruction of the
greater part of the tibia. This osteomyelitis was treated up to November, 1917,
when the wound was healed. On May 23, 1918, the fibula was transplanted into the
epiphyses of the tibia as in the previous case.

March 17, 1019, X-rays show hypertrophy of the fibula. (See X-rays, Figs.
5 and 6.)

Functional result excellent four years following transplantation.

Case IIT.—L. B. This young girl, at the age of thirteen, was seen by her
physician for pain and discharge of the lower leg. Two years’ duration. At the
first onset the pain had been sudden, accompanied by temperature ranging from
101 degrees to 104 degrees. Three operations were performed, each consisting
of the removal of a portion of the tibia.

April 15, 1900, this case was seen by one of the writers and the examination
showed four discharging sinuses along the tibia. A diagnosis of chronic osteo-
myelitis was made and X-ray showed the whole tibia honeycombed and prac-
tically sequestrated.

Operation—May, 1909, the whole tibia excised, only the epiphysis remaining.
The periosteum resutured.

November, 1909, as there was no evidence of an attempt to regenerate a new
tibia, the upper end of fibula was transplanted into the upper epiphysis of the
tibia ; the wound healed in two weeks.

December 31, 1909, the lower end of the fibula was transplanted into the
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lower epiphysis of the tibia. The wound healed in two weeks. (See X-rays, Figs.
7 and 8.)

Functional result excellent twelve years following transplantation.

Case IV.—C. W. M. Two years previous this man had a compound com-
minuted fracture of both bones in the right lower leg, with the loss of two and
one-half to three inches of bone. He had four operations. Examination on
August 22, 1921, showed a two and one-half inch gap at the junction of the
middle and lower third of the tibia with a tendency to varus. The wound has
since February, 1921, been healed.

Diagnosis—Non-union of old fracture of the tibia.

August 26, 1921, lower end of the fibula transplanted into the lower end of
the tibia. Wound healed in two weeks. (See X-ray, Fig. 9.)

September 20, 1921, upper end of fibula transplanted into the upper end of
the tibia. (See X-ray, Fig. 9.)

December 28, 1921, lower fragment solid, upper fragment has slipped. To
have another operation in two months.

February 14, 1922, upper end of fibula placed in approximation with tibia and
then sutured with kangaroo tendon. Convalescence thus far uneventful. (See
X-ray, Fig. 9.)

Clinically, one can see no reason why a perfect functional result should
not follow.

LITERATURE

Campbell, W. C.*: Transference of the fibula as an adjunct to free bone grart
in tibial deficiency. J. Orth. Surg., October, 1919, vol. i, pp. 625-631.

Three cases are reported by the author. In order to make the success more
certain in this condition, Campbell uses the following technic: An incision in the
skin about four inches in length is made over the lateral aspect of the head of
the fibula, the deep fascia is incised, then the capsule of the tibio-fibular joint.
All cartilage and fibrous tissue is removed from the head of the fibula, being
careful not to injure external popliteal or peroneal nerves. Next a cavity is made
in the inferior and external aspect for the reception of the denuded head of the
fibula. Heavy traction will place the head of the fibula within the cavity, provided
scar tissue between tibial fragments does not prevent. When such difficulties arise
these tough bands are excised or severed, the periosteum of the fibula is sewed
to the periosteum of the tibia and the wound closed with catgut throughout.
The final step is to do the inlay graft in the usual manner, which needs no
description. This method has been successfully employed in the three cases. The
advantages of the procedure are: Ist: It is possible to lengthen the limb one and
one-quarter inches. 2nd: Early transference of head will stabilize lim.b ax}d
prevent shortening; 3rd: At the end of eight weeks we have a stabile limb in
which no false motion is possible between knee and ankle. 4th: Early stability
prevents motion and facilitates the development of the free graft. sth: N.ew
blood supply is added to the tibia through the medium of the fibula, promoting
nutrition. 6th: Greater chances of complete success. One point that Can?pbell
especially desires to emphasize is that a two-stage operation .should be done in .all
cases where there is much difficulty in making the limb straight from contract{on
of dense scar tissue. Most patients will readily submit to the second operation
when such marked improvement follows the first. & : :

C. J. Bond?®: Transplantation of the fibula ; osteomyelitis. Brit. J. Surg., voi.
i il, 1914.

i (‘;\OS,EAI?EII:ittQIjgirL aged four years. Shaft of right tibia .had been destroyed
by osteomyelitis in June, 1004. The right fibula was cut across just belm\f the head
of the bone and this portion, with the epiphysial cartilage, was left in normal

93



MacAUSLAND AND SARGENT

position. The divided end of the shaft of the fibula was then pushed over to the
inner side and inserted into the freshened lower surface of the tibial epiphysis,
to which it was wired in position.

Within the next two months firm, bony union had taken place. Bony out-
growth took place from the isolated upper fragment of the fibula. The upper
end of the shaft of the fibula began to assume the outline characteristic of the
normal tibia. In March, 1907, fibula was divided just above external malleolus
and lower end of shaft was displaced inward and inserted into soft cancellous
tissues of the lower tibial extremity. The child now walks and runs with the
aid of a high-soled boot without any noticeable limp.

Case II.—A boy, in whom the shaft of the right tibia was destroyed by
osteomyelitis in 1907. This was removed as a sequestrum in November of that
year when the boy was ten years old. The place of the lost tibia was supplied by
transplanting the shaft of the fibula in two stages, as in Case I. At the first
operation, in March, 1908, the shaft of the bone was divided just below the head.
It was then displaced inwards and the cut surface wired to the {freshened
tibial extremity somewhat to its outer edge. In May, 1908, the lower end of the
shaft was divided above the external malleolus and embedded in the cancellous
tissue of the lower tibial epiphysis.

Owing to the contraction of the soft tissues of the limb, due to the absence
of the tibial framework, considerable pressure was exerted on the lower end of the
shaft and this gradually forced the end of the bone deeper into the spongy tissue
until it eventually passed right through the epiphysis, almost passing through into
the joint. Unfortunately, in this case, the disease affected the left tibia, destroying
about two inches of the bone and producing a bad anterior posterior deformity
of the limb at this spot; about one and one-half inches of soft bone were removed
and ends of divided shaft wired together. This necessitated a subperiosteal
division of the fibula at the corresponding level. A year after the operation shows
a restored shaft with a single central medullary canal and no callus. It is impos-
sible from an examination of the limb on the skiagram to say that the fracture
had occurred at this spot.

H. Schloffer *: Zur Osteoplastik bei Defekten der Tibia. Bruns. Beitr. zur
IlinSNEhir vl Sy N1 g G pI6

The transplantation of a graft from the fibula to the tibia was first prac-
ticed by Hahn.

Lilienthal writes of a wonderfully successful operation of this nature in a
boy of nine years with absence of bony matter from the tibia due to fracture.
The surgeon severed the fibula and fitted the upper end of the shaft into the tibial
fragment. Within four months consolidation took place. McBurney simply
sutured the head of the fibula to the tibia with favorable results.

Gangolphe °: Considerations sur la resection du tibia pour osteosarcomes et sur
l'utilisation du perone. Lyon Med., 1909, vol. cxiii, pp. 749-75I.

Patient suffering from suppurating tibia following fracture and which the
author suspected of being an epithelioma. The author decided to make a large
diaphyseal resection of the tibia, causing the patient to support his weight on
the fibula. If the weight of the body does not exceed sixty kilometres this is
possible. The author advises the use of the fibula of the other leg as, in case of
some mishap in the operation, the patient stands more chance of recovery. The
patient mentioned was operated on successfully by this method by another surgeon.

M. Brandes °: Die Heilung grosster Tibiadefkte durch Transplantation, Med.
klin. Berl, 1913, vol. ix, p. 1493.

The author advises the use of the fibula of the same leg for transplantation
because it is the material nearest at hand and, being usually strong and hypertrophic,
is splendid material for bridging the tibial deficiency. The head of the fibula
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is split and the upper end of the fibular shaft implanted in the upper fragment of
the tibia and then the lower end of the fibula is implanted in the lower fragment
of the tibia. The result is a fusion of the tibia and fibula into a new bone formation
which permits the movement of the leg. Two children, having undergone this
operation, walk easily.

Berard ": Greffe d’une portion du perone gauche dans une perte de substance
de ten cm. du tibia droite, consecutive a une fracture pathologique avec dystrophie
osseuse. Lyon Chir., 1913, vol. ix, pp. 574-8.

The patient, twenty-seven years old, had three successive fractures in the same
place in seven years. The first two fractures consolidated normally. The third
left the leg impotent, shortened by about three cm., curved slightly inward, and
with pains. The author uncovered the tibial focus, which presented a swelling
which had the appearance and consistency of an egg shell.

In the interior of this cavity was a little serosanguineous liquid and some
pimples forming an interrupted membrane. After ablation of the entire diseased
bony area, the author realized a loss of bony tissue amounting to nine or ten cm.
at the two poles of which the medullary canal was closed by a bony shell. The
author then resorted to ablation of the left fibula, without its periosteum, to a
length of twelve cm. The fragment of the fibula was inserted into the medullary
canal of the tibial fragments. The operative results were uncomplicated. After
five months the right leg was consolidated. The patient walked easily with a
metal support.

Lapeyre ®: Autogreffe de la diaphyse peroneale pour remplacer la diaphyse
tibiale necrosee et sequestree osteomyelite. Réstauration du tibia autour de la
greffe. Guérison avec résultat fonctionnel excellent. Bull. et Mem. de Soc. de
Chir. de Paris, 1914, n.s. vol. xI, pp. 182-go0.

A child of three years came for treatment July 16, 1912, for an acute affection
of the lower leg which had begun November 27, 1911. Upon the author’s first
examination the tibia seemed in a necrotic state, which seemed to involve nearly
the whole diaphyses. The upper and lower epiphyses were curetted and cleaned.
Fifteen centimetres separated the two osseous extremities. Suppuration persisted.
It was vain to hope for a spontaneous reparation. On February 2, 1913, the author
performed the fibular transplantation.

1. Careful curettage of the area to which the fibula was to be transplanted
and extirpation of fungosities.

2. The section of the fibula at its lower extremity. The length of the graft
was about thirteen cm.

The author did not dare to insert the two extremities of the fibula into the
same epiphysis on account of the inflamed condition of the latter and decided to
use two ivory pegs. For two or three months suppuration persisted at the upper
end. At the end of three months consolidation was in progress. On September
10th the leg appeared solid. It had taken seven months to obtain this result. From
a radiograph taken on this date the transplanted fibula showed itself to be com-
pletely surrounded by new bony tissue, irregular but solid. Suppuration had ceased.
On December 10th, when the child left the hospital, he could walk with one cane.
Thus transplantation of the fibula had saved a leg from amputation and recon-
structed a useless member into a solid construction with splendid functional result.

Michon ?: Perte de substance du tibia, consecutive a une blessure par eclat
d'obus; transplantation du perone; guerison avec bon resultat fonctionnel. Bull.
et Mémoires de la Société de Chirurgie de Paris, vol. 422, 1916, pp. 1719-22.

M. M. Sub-lieutenant, wounded by shell explosion on June 23, 1015,
which resulted in a serious wound in the right leg. (1) A foot wound with tarsal
fracture. (2) A fracture of the inner malleolus with a hole in the tibio-tarsal
articulation. (3) A comminuted fracture of the medium tibia with important loss
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of bony substance covering about three cm. The limb was immobilized. The
inferior wounds cicatrized after prolonged suppuration. The malleolar fracture
was consolidated with tibio-tarsal ankylosis and a slight degree of equinism. On
January 22, 1916, seven months after the accident, the author performed a
transplantation of the fibula of the same leg, following the technic of Barbet.

The operation consisted of the liberation and resection of the two tibial
extremities by an internal incision and a section of the fibula by external incision.
The fragment of the fibula, obtained by double section and adhering always to the
interosseous membrane serving as pedicle, was thrust between these and the muscles
of the anterior leg; the two extremities, bevelled, were both introduced into the
medullary canal of the corresponding tibial fragment. The operation was long and
tedious. The operative results were accompanied by suppuration and fever. The
final results were satisfactory.

The leg is solid. The grafting is surrounded by new bony matter according to
radiographs. The lower fragment of the fibula was welded to the tibia. The
upper fragment was loose but caused no discomfort. The patient could walk
with a cane.

P. Mauclaire : Grosse perte de substance du tibia ; greffon emprunte au perone
du cote oppose. Bull. et Mem. de Soc. Chir. de Paris, 1916, n.s. 12, 1864-00.

Case of a soldier who was wounded by a bullet, leaving a large wound in the
tibia. This produced an arterial aneurism, osteitis of the calcaneum and violent
retraction of the Achillis tendon. The wound suppurated for a long period. Three
months after cicatrization the author transplanted a graft from the fibula of the
other leg. Above he sunk the graft into the medullary canal. Below he fastened
it to the tibial groove with catgut. The author does not feel ready to advise the
maximum length of bone to be taken for grafting. In the present case he used
seven cm. of the fibula. In this patient the consolidation was rapid and the patient
walks easily. The leg from which the graft was taken is in good condition. The
tibia suffices by itself for the functions of the leg, if judged from the six cases
of fibular grafts made by the author.

For good consolidation it is necessary to sink the graft in the medullary canal
as soon as possible. After the grafting the author sectioned the Achilles tendon
to correct the equinism, then he scraped the necrotic calcaneum. The author states
his intention of getting X-ray picture of this operation after one year has elapsed.

Pierre Barbet ™: Revue general de la reconstitution du tibia detruit par trans-
position du perone voisin. La Clin. Par., vol. vii, 1912, pp. 65-69.

It is evident that the Hahn-Huntington operation is beneficial. It furnishes
almost certain results (showing only two partial failures in twenty-seven cases).
From the functional standpoint it seems superior to other grafts. The cases show
almost identical post-operative history: rapid consolidation, return of muscular
vitality, progressive hypertrophy of the transplanted fibula.

This operation is then preferred before all others. (1) In cases of destruction
of the bony tissue due to osseous necrosis with death or insufficiency of regenerat-
ing periosteum. (2) After periosteal resection of an osteosarcoma of the tibial
diaphysis. (3) Adter resection of the foci of old pseudo-arthrosis, followed by
fracture with atrophy of the fragments.

Bond, C. J."”: On the late results of three cases of transplantation of the fibula,
with remarks on the process of growth and the physiological development of trans-
planted bone. Brit. J. Surg., April, 1914, vol. i, pp. 610-624.

Bond gives credit to Huntington as being the first surgeon to publish a case
in which a successful attempt had been made to replace the whole shaft of the
tibia by transplanting the shaft of the fibula into its place. The surgical results
of the author’s first two cases are as follows: The end results of bone transplan-
tation in both cases (in one of which amputation had been suggested) Bond thinks
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Fic. 1.—Case I, A. B, taken April 12, 19016, before operation for transplantation of the
fibula (A-P view).



F1G. 2.— Case 1, A. L., lateral view taken April 12, 1916, before transplantation of fibula.



F16. 3.—Case IV, Moulton. Radiogram taken five months following lower transplantation
and one week following upper transplantation.



FiG. 4—Case I, A. L., post-operative radiogram, January, 1922.



Fi1G. 5.—Case II, N. Y.



FiG. 6.—Case II, N. Y. Post-operative radiogram, taken January, 1922.



FiG. 7.—Case III. L. B. Radiogram taken twelve years after operation



F16G. 8.—Case ITI, L. B. Radiogram taken twelve years

after operation.



Fi16. 9.—Case IV, C. W. M. Showing transplant of fibula into tibia.



’ﬁ-an;{ﬂan‘fl;:g' Fibula into Tibia-

F16. 10.—Diagrammatic sketch showing result of transplant.



Fi6. 11.—Drawing 1A, showing point of division of fibula preparatory FIG. T2 IU;SEN 1B. Transplantation in place.
to transplantation. Ay i
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TRANSPLANTATION OF THE ENTIRE FIBULA

can be called satisfactory). The functional result is good. Both children can
walk and run well without assistance, one without any noticeable limp and the
other with only a slight one. From the surgical point of view the problem is how
to secure the continuous growth in length of transplanted shaft and how thus
to prevent the shortening of the limb, which occurred in both these, as in other
recorded cases. In regard to this question of stunted growth, no doubt, much will
depend on the extent to which the disease which destroys the original shaft also
damages the osteogenetic capacity of the epiphysial cartilages, especially the one
which exercises the greatest influence on the growth of the leg bones.

It was with the double object of restoring this capacity of bone formation to
the damaged epiphysial cartilage and of counteracting the deformity of the limb
caused by the unopposed growth of the fibula that Bond performed another
operation on his third case. This case was a child aged four, who in 1903
developed a tuberculous focus in the upper epiphysis of the left tibia which partly
destroyed the epiphysial growing line. After abscess formation and recovery a
considerable deformity was left and the limb was carried inwards at a sharp
angle below the knee by the unopposed growth of the fibula on its outer side.
In November, 1905, the left fibula was divided just below the head of the bone
and this with the epiphysis was removed. A V-shaped portion of bone was then
removed from the inner side of the head of the deformed tibia in the situation of
the normal epiphysial junction. The deformity was then corrected by forcibly
straightening the shaft of the bone. The removed head of the fibula was now
cut down to a V-shape and was inserted into the wedge-shaped gap in the head
of the tibia so formed and the wound was closed. The grafted cartilage healed
well in its new position. The child now walks fairly well. There is, however,
still some shortening of the limb and some internal rotation of the foot, showing
that the growth of the tibia has not kept pace with that in the opposite limb. The
author’s first two cases showed no increased growth; it made no attempt to take
on new developments as long as it was connected with its own epiphyses, even
though the tibia had been destroyed and it was exposed to new strains, but as soon
as the shaft of this fibula became attached to tibial epiphyses, it began at once
to assume a new outline and grow like the tibia. This fact suggests that it was
the influence of osteoblasts from the tibial epiphyses which brought about the
change and started the growth of the transplanted bone along tibial lines; it being
a fact that in Bond’s, as well as in other cases, the transplanted fibular shaft did
develop into a bone of the size and shape of the tibia, shows that the failure to do
so in some cases is not due primarily to the fact that the transplanted bone is
“naturally ” a smaller bone, but to the fact that it is not sufficiently taken over,
or its growth is not sufficiently stimulated, by osteoblasts of tibial origin.

Torrance, Gaston™: Excision of the whole shaft of the tibia; replaced by
transplanting the fibula. Surg., Gyn. and Obst., Feb., 1912, vol. xiv, pp. 184-186.

This case was a boy, six years of age, admitted to hospital May 15, 1908, with
the history of having struck his right leg with a hammer over the middle of the
tibia. An abscess formed at the point of injury, which was incised and curetted
and healed up but reopened, and was operated again a few weeks later. Congenital
syphilis was suspected, but no history could be elicited to confirm this. A con-
siderable portion of the shaft had been chiseled out at different times, leaving a
persistent sinus. When patient came under Torrance’s care, about three months
after admission, he was very much emaciated and ran a constant temperature. A
skiagraph showed the tibia much enlarged and in an unhealthy condition.

Excision of the tibia was proposed. Under ether an incision was made along
the anterior border of the tibia and the bone was sawed in two with a Gigli saw,
leaving about an inch of bone at either end; the shaft was removed withogt any
attempt being made to preserve the periosteum; the fibula was then sawed in two

oy



MAcAUSLAND AND SARGENT

at the upper end and transplanted to the stump of the tibia and was held in place
by suturing the muscles up snugly around it. The leg was placed in a wire splint.
A skiagraph, made a week later, showed the fibula to be in good position. His
general condition began to improve at once. He was allowed to be up on crutches
at the end of four weeks and was in good physical condition. Two months after
operation two large ulcers developed near the point of the original injury and
grew larger and deeper under local treatment.

He was put on potassium iodide and the dose rapidly increased to forty drops
of the saturated solution, three times daily. He bore this treatment well and the
ulcers healed rapidly. On questioning the father again he admitted that the child
had contracted syphilis from kissing a relative at two years of age and had been
treated for about a year. A skiagraph, made five months after operation, showed
that the fibula had about doubled in size and that the union with the tibia was
rounded off, resembling a joint “ wiped” by a plumber. A few weeks later he
was walking on the limb without a splint or crutch; the only difficulty he experi-
enced was a slight tilting of the ankle. The lower end of the fibula was trans-
planted ten months after the first operation. He was allowed to walk about on
crutches for two months and then lateral splints were applied and he was allowed
to put some weight on the leg.

He was again seen in August, 1011, when a photograph and the last skiagraph
was made. The muscles of the leg are well developed and there is no shortening;
while the skiagraph shows some bowing of the shaft, the general lines of the leg
are almost perfect and when standing with long stockings on it is not possible to
tell which is the operated leg. He runs, jumps and plays with the other children
and has perfect use of the leg.

T. W. Huntington **: Case of bone transference. Use of a segment of fibula
to supply a defect in the tibia. ANNALS oF SuURGEry, February, 1905, vol. xli,
PD. 249-251.

Huntington’s case illustrates the possibility of supplying a tibial defect
amounting to absence of nearly the entire diaphysis by the appropriation of corre-
sponding portion of the fibula. The early history of the case is that of an acute,
infectious osteomyelitis of the left tibia. The patient, a boy of seven, entered the
hospital in May, 1902. The trouble began a few days before. While at play he
sustained a slight injury to the left leg just below the knee. Leg became swollen,
tense and acutely tender. There was high temperature succeeding a chill. The
attending physician made a small incision about three inches below the knee, from
which, at time of admission, there flowed a small amount of clear yellow fluid.
Tibia was extensively denuded and near the ankle there were two red fluctuating
areas. An incision along the spine of the tibia from the tubercle to one inch
above the ankle-joint revealed the fact that nearly the entire shaft was disinte-
grated. Pus oozed through several sinuses leading to the medullary cavity.
On stripping the periosteum, the cortical portion of bone was readily scooped
out with a curette, leaving a trough of periosteum. Having in mind the possi-
bility of bone reproduction, the periosteum was stitched into a tube of small
calibre. The wound was drained, partly closed and the leg laid upon a posterior
splint. For three months there was gradual and satisfactory progress and the
wound was fully healed. Six months later, despite an apparent effort on the
part of nature to reproduce the tibia, there was still an interval of about five
inches between the upper and lower fragments and progress here seemed to be
practically suspended. The leg could not be extended upon the thigh, but hung
loose, flail-like, and utterly useless. On January 27, 1903, Huntington finally
determined to supply the defect by sawing the fibula at a point opposite the lower
end of the upper tibial fragment and attaching it thereto. This was done without
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difficulty and the divided end of the fibula was firmly planted in a cup-shaped
depression in the tibia.

At this time the diameter of the fibula was about that of an ordinary lead-
pencil.  Union was tolerably slow but solidification was finally noted six months
later. In September, 1903, the lad walked with the limb encased in two lateral
splints as a support to the ankle-joint, there being a tendency for the foot to evert
when the patient stands upon the affected member. Not satisfied, Huntington
concluded to transfer the lower end of the fibula to the lower fragment of the
tibia, which was done October 6, 1903. The wound healed kindly and on
February 15, 1904, perfect bony union -was secured. Since that time the patient
has progressed admirably. The limb, though three-quarters of an inch short, has
assumed the dimensions and in a general way the contour of the normal member.
The transferred portion of the fibula shows that its diameter is now three-quarters
of an inch, or practically the same as the opposite tibia. The lad joins in the
ordinary sports of other boys and, despite the lateral deformity and slight shorten-
ing, he walks without support and with only the suggestion of a [Imp S
similar case Huntington would insist upon the affected member being kept at rest
until the second transposition could be effected; thereby avoiding the deformity,
which is the only serious defect in this case. Considering the extensive destruc-
tion of the tibia which occurred before patient was seen by the author, he
can conceive of no other method which would have offered a result so satisfactory
as the one adopted.

J. S. Stone **: Partial loss of the tibia replaced by transfer of the fibula, with
maintenance of malleoli of the ankle. ANNALsS oF Surcery, October, 1907, vol.
xlvi, pp. 628-632.

The author’s case was a boy five years old, who in June, 1904, had an acute
dissecting periostitis beginning at the lower end of the right tibia and in six days
stripping the bone nearly as far as the patellar tubercle. Owing to sloughing of
the periosteum after removal of the shaft the tibia regenerated very imperfectly.
Nine months after the onset of the trouble the bone had reformed for about one
and one-quarter inches from the upper end. There was then a gap of about an
inch. The fibula was normal. Thirteen months after the onset of the trouble
he was admitted for operation. Since ten weeks after the trouble began he had
been going about with a plaster bandage and Thomas knee-splint. The attach-
ment of the upper end of the fibula had become loose so that the head of the bone
could be shoved upward slightly and the foot moved inward for about two and
one-half inches. There was marked shortening of the leg and the foot was a
little smaller than on the sound side. The fibula had become somewhat hyper-
trophied, particularly at the middle of the shaft. All wounds were healed.

It was decided to transfer the fibula into the gap in the tibia. The upper
end was transferred first. A vertical incision about three inches long was made
directly over the lower end of the upper sound portion of the tibia. The cut
was made directly through the periosteum which was separated on the fibular side
for a vertical distance of about two inches. In order to reach the fibula more
readily a second incision of one and one-half inches long was made directly down
onto the bone on the outside of the leg. At about two inches from the upper
end the fibula was then cut across with a chain saw. The upper end (.)f the lower
fragment was then inserted into a mortise cut in the tibia. Tltle periosteum was
reflected from that side of the fibula which rested in the morFlse. The.reﬂected
periosteum of tibia and fibula were then suture.d together w1th. c.hromlc catgut
to maintain close apposition and the reflected periosteum of th'e tibia was furth(.:r
sutured as a cuff around the upper end of the fibula to hf)ld it more securely in
position. The incisions were closed with dr.amage. A sterll.e dressing and plaster
bandage were applied. The boy was readmitted to the hospital five months after-
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wards. The union between the upper end of the tibia and the fibula had become
absolutely solid and the shaft of the fibula had materially increased in thickness.
Five and a half months after the first operation a longitudinal incision was made
anteriorly over the outer part of the lower end of the tibia. The bone was
exposed. By careful dissection the lower end of the fibula was then exposed
through the same incision and split horizontally with a chisel for a distance nearly
four inches. A small pocket was cut in the cartilage covering the end of the tibial
epiphysis just large enough to receive the inner half of the fibula.

The inner half of the fibula was then sprung into its new position in the tibia.
Closure was made without drainage. A plaster bandage from the toes to the
thigh completed the dressing. Three months later plaster was removed. A small
granulating spot was found at the lower end of incision. Bony union was solid.
Five days later a small piece of necrotic bone about three-quarters inch long
was discharged. After this the skin healed solidly. A month later the boy began
to walk on his leg, and ever since has used it without restraint. The problem
presented in this case was the restoration to usefulness of a leg in which the fibula
was sound, the upper end of the fibula was sound and in which the lower epiphysis
of the tibia remained, but without any shaft for a distance of nearly five inches.
The continued increase in the size of the transferred bone is most striking and
corresponded in amount with the freedom of use which was allowed. In any
similar case more prompt transfer of the bone would seem advisable. The length
of time allowed between the steps of the operation might also have been shortened.

A. Keith*: Fibula transplantation to replace the necrosed shaft of the tibia.
Menders of the Maimed. London, 1919, p. 273.

Keith states that the most instructive examples of bone transplantation are
those in which the fibula has been used to replace the necrosed shaft of the tibia.
The case he wishes to call attention to is that of Bond (Brit. J. Surg., 1914, vol.
i, p. 610), who operated in May, 1905. He also cites Professor Huntington as
having carried out the first successful substitution of fibula for tibia, publishing
an account of it in 1905 (ANNALS OF SURGERY, 1005, vol. xli, p. 249). The same
problem had presented itself to two men situated on opposite sides of the earth and
both had adopted the same method of solving it.
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ANKYLOSIS; TREATMENT BY
ARTHROPLASTY.*

By W. RUSSELL MacAUSLAND, M.D,,
BOSTON, MASS.

NJURY to the smooth resilient cartilage which
lines the normal joint, whether due to disease
or external violence, results in a lessened range

of motion, and, if severe enough, in complete loss
of motion. A bony bridge, or fibrous tissue de-
velops and may entirely replace the joint space,
giving rise to bony or fibrous ankylosis.

Ankylosis of a joint causes varying degrees of
disability, depending (1) on the joint involved,
(2) on the stabiltiy of the ankylosis, and (3)
on the deformity present. For instance (1)
loss of motion in a spinal joint may take
place without the individual’s being aware that
he has lost any function. This observation
is frequently made in chronic arthritic cases.
Occasionally a striking loss of motion may be
observed in the whole lumbar spine without the
patient’s being aware that function has been
lost. A wrist joint may be stiff with only the
slightest disability. One knee joint without mo-
tion may be disabling only in a mild degree. The
second factor, (2) stability, must be kept con-
stantly in mind. To return to the example of
the stiff knee joint—the disability and pain may
be considerable if there is a fibrous ankylosis
which is susceptible to joint strain; on the other
hand, if the ankylosis is bony, the patient may
suffer no pain and only slight disability. Tt is
in weight-bearing joints that this factor is of
more importance.

(3) There is a direct relation between the de-
formity present and the amount of disability in
most joints, and it is with this factor more than
any other that the surgeon must deal. A hip
joint with flexion and adduction deformity may
be very disabling, but if the hip is ankylosed in a
good position, there is little loss of function.
Similarly, a shoulder joint ankylosed with the
proper degree of abduction may show a range of
usefulness which closely approaches normal.

It is important for the surgeon to be familiar
with these facts concerning ankylosis, before he
approaches the subject of arthroplasty, or the
mobilization of ankylosed joints by operation.
Each individual case must be considered singly
and not infrequently the surgeon must base his
final decision upon a minor factor, which without
careful consideration might be overlooked. It is
not merely the fact that the joint is stiff that leads
one to advise operation.

INDICATIONS FOR ARTHROPLASTY.

What may be considered, then, the definite in-
dications for operation? In general, only cer-
tain joints are to be considered for operation,
and these in the following order of frequency:

* Read at the Annual Meeting of the Medical Society of the
State of New York at New York City, May 23, 1923.

(1) the elbow, (2) the hip, (3) the knee, (4)
the temporo-maxillary (jaw), (5) the wrist and
fingers. Other joints are not included for the
reason that the ankylosed joint in good position
will give good function. The shoulder, as has
been mentioned before, functions well in a good
position. The ankle stiff at a right angle func-
tions well. Further indications for mobilization
should be considered for each separate joint
which I shall take up in order.
(1) The elbow—

~ (a) When both elbows are stiff, arthroplasty
1s always indicated on one joint, at least.

(b) Arthoplasty is always indicated when the
loss of function in the joint is a serious disability
In a patient’s occupation.

(c) Arthroplasty is indicated when the elbow
is stiff in a bad position. By this, I mean that if
an elbow is stiff at 180°, it is absolutely necessary
to change the position for functional purposes
and, since an operation is required to do this, the
procedure may well be an attempt to mobilize
rather than a simple osteotomy.

(2) The hip—

(a) Two stiff hips may be considered a defi-
nite indication for an attempt to mobilize one of
them.

(b) A stiff hip associated with a stiff knee in
either leg may be considered a definite indication
for mobilization.

(¢) A stiff hip in bad position requiring an
osteotomy rarely may be considered an indication
for arthroplasty.

(3) The knee—

(a) Two stiff knees alone or associated with
one or two stiff hips may be considered an indi-
cation for an attempt at mobilization of one and
rarely both knees.

(4) Temporo-maxillary—Always must be mo-
bilized. ;

(5) Wrist and fingers—

(a) The general indications for arthroplasty
are rare because of the fact that in hyperexten-
sion a stiff wrist causes very little loss of func-
tion. For patients who require wrist-joint mo-
tion in their work, an attempt at arthroplasty is
permissible, but the procedure is rarely found
necessary. In finger joints, also, operation is
seldom applicable, and the judgment of the sur-

geon depends solely on the patient’s individual
circumstances.

CONTRA-INDICATIONS TO ARTHROPLASTY.
(1) The tubercular joint rarely, if ever, lends
itself properly to operative interference.,
(2) No joint should be mobilized in which a
stiff joint is of slight disability.
(3) No joint should be mobilized when opera-

tion is contra-indicated by age or the patient’s
general condition.



A SHorRT HisTORY OF THE MOBILIZATION
OF JOINTS.

The mobilization of stiff joints was first at-
tempted by J. Rhea Barton in Philadelphia in
1826, who produced a pseudo-arthrosis in a case
of ankylosis of the hip joint. From this time
many writers who have advocated various meth-
ods have written on this subject. The great ad-
vances in the work have been due to such men as
the late Dr. John B. Murphy of Chicago, Dr. Putti
of Bologna, Dr. Baer of Baltimore and Dr. Neff
of Chicago. By the untiring and earnest efforts of
these leaders much has been done to advance this
work and to so stabilize surgical technique in its
application to ankylosed joints that, at the present
time, the surgeon who is devoting his attention to
this special branch may justifiably and without
hesitation recommend arthroplastic measures in
certain joints. Various substances have been
advocated as interposing material; fat, muscle,
fascia, and specially prepared membranes. The
concensus of opinion, however, is that free fascia
transplants give us the best and most consistent
results.

ARTHROPLASTY NOT AN Excision.

It is necessary to point out quite definitely the
difference between arthroplasty and excision.
Literature is filled with various reports of cases
in which the procedure, an excision, resulted in
the unstable joint that one expects from a care-
less removal of bone. Excision does not result in
stability ; arthroplasty does. FExcision is a crude
surgical procedure, the ultimate results of which
do not warrant its use in any conditions save in
serious joint infections, usually of tubercular
origin.

A good arthroplasty gives a good sliding joint.
The late Dr. John B. Murphy has emphasized
this point over and over again. The range of
motion in the joint is always good and its
strength approaches normal. Stability is an ab-
solute essential. The joint should also be pain-
less and able to stand hard use without showing
arthritic changes. To summarize: An arthro-
plasty results in good permanent motion, good
strength, and good stability, without pain.

TECHNIQUE FOR ARTHROPLASTY.

In the technique for arthroplasty for various
joints, the approach and exposure to enable
proper remodeling of the joint, as well as the
proper interposition of tissue, seem to me to be
the two fundamental factors to be considered.
‘With these in view, the following technique for
elbow-joint arthroplasties has been evolved. It
will be readily seen that the posterior exposure
has many advantages over the double lateral ex-
posure, in that perfect remodeling and interposi-
tion of tissue may be obtained.

OPERATIVE TECHNIQUE.

The Elbow Joint—

The arm from the wrist to the shoulder and
the leg on the same side, from the hip to the knee,
are given a two-day preparation. At the time of

the operation, a tourniquet is applied to the upper
third of the arm and an application of iodine made
to the skin. R

A semicircular incision is then made, beginning
over the external condyle and running down
about two inches and up over the internal con-
dyle. The wound is sponged with alcohol and
carefully clamped off to avoid the handling of the
skin during the operation. The flap containing
skin and superficial fascia is then dissected back
to the base line and retracted. The ulnar nerve
is isolated and dissected out of its sheath. Tt is
sometimes difficult to find this nerve, but it is
always to be sought at the inner side of the in-
ternal condyle. It should be dissected out care-
fully with a blunt dissector so as not to break or
injure it. After it has been freed for one and
one-half inches, gauze is passed beneath the nerve,
and it is retracted to the ulnar side. It is then
freed further by blunt dissection with gauze.

A transverse incision is then made extending
down through the periosteum. This incision fol-
lows in direction the superficial one, and outlines
a flap which is to be dissected back and preserved
in toto for subsequent covering for the joint.
The pulling back of this flap is a hard and tedious
process until it is well started, after which it can
be peeled back readily by blunt dissection. It is
the inner side that is the hard part, as the layer is
thin here, and one must exercise great care not to
buttonhole it. The olecranon is then sawed
through. After this, it is frequently possible to
break open the old joint. In some cases, however,
ankylosis is bony and the joint cavity obliterated.
Cases of this kind are the most difficult and in
these it is necessary to saw through the joint.
The tip of the olecranon has to be chiseled out and
dissected back with its posterior flap. Usually
the olecranon is too large, and it is well to take
off a little of it.

The capsule, fascia, and ligaments are then dis-
sected back so as to allow the lower end of the
humerus to protrude into the wound. Then its
edges are snipped off with rongeur forceps and a
new trochlear or intercondylar surface formed.
A shoemaker’s rasp is used in filing the extremity
as near like the normal humeral end as possible.
After this modeling, a piece is removed cor-
responding to the olecranon fossa in the normal
humerus. One has to be careful about making
this cup, as the success of the operation depends
largely upon attention to such small details. This
modeling is largely done with a saw and a file.

To ensure good function, the joint surfaces
should fit accurately before the fascia is applied,
but the joint should not be too loose. Only suf-
ficient bone must be removed to give free motion.
If too much bone is removed from the ends,
a flail joint will result, giving the operation no
advantage over an excision. When this mortising
is completed, the fascial flap is dissected from the
leg. An incision is made on the outer side of the
thigh, a little below the middle, extending down
to the fascia lata. After.a flap of fascia five to



seven inches by four to five inches is dissected
out, the wound is closed.

This fascia, which is free from all fat, is placed
about the newly fashioned humeral condyles and
attached anteriorly to the capsule and posteriorly
to the periosteum of the lower end of the shaft of
the humerus with interrupted chromic catgut
sutures No. 2. Chromic catgut No. 2 is then
loosely wound twice around the shaft just below
the interrupted suture line.

The forearm is placed in apposition to the
condyles. Two drill holes are then made in the
olecranon process and two others opposite them
in the shaft of the ulna. Through these, kanga-
roo tendon is passed and tied. The inner layer
is now sutured with chromic catgut No. 2 and the
skin and fascia with plain catgut No. 2. Dry
sterile dressings are applied and the arm put up
in plaster beyond a right angle.

AFTER-TREATMENT.

If there is no evidence of infection, the cast
should remain on for a week. It is then split and
the dressing changed. If there is a persistent
temperature, a window should be cut in the cast
and the wound inspected.

If normal healing takes place, passive mo-
tions are begun in about ten days. The arm is
always kept above a right angle. After three
weeks, gentle massage is applied. Baking is be-
gun in six weeks and practised three or four
times a week.

The ultimate success in these cases depends
very largely on the after-treatment. The patients
should be under observation for a long period of
time. Frequent X-Rays should be taken so that
we may follow the bony changes in the joint. If
motion begins to shut down, the arm should be
manipulated under an anasthetic and the elbow
put up in acute flexion. Occasionally motion be-
comes limited, due to an exuberant growth of new
bone. In this case, a secondary operation should
be done to remove the new bone, but it should not
be undertaken for at least three months after the
original operation.

Gasels W'D was teferred to me by Dr.
A. W. Shea of Nashua, New Hampshire, and
was operated on before the New Hampshire
Surgical Club. On March 25, 1911, he had re-
ceived a contused wound of the left thumb, which
became septic. Sepsis became general and in a
week he entered the hospital. Five incisions were
made in the left hand, two in the left wrist, one
close to the left elbow-joint and one in the left
hip. All had drains put in. A student in the
hospital opened a swelling near the right elbow
and cut into the joint. At the end of twenty-one
weeks the patient was discharged from the hos-
pital with bony ankylosis of the right elbow and
with only a few degrees of motion in the left
elbow. Both joints were slightly flexed. The
left wrist had a sinus which still drained a little.
The patient had little motion in the fingers, being
unable to flex them to a right angle with the palm

of the hand. He was unable to feed himself or
to touch his head with either hand.

He entered St. Joseph’s Hospital, and I did an
arthroplasty on the right elbow, in March, 1912,
using a flap of fascia lata for interposition. A
hard bony ankylosis was found. The skin was
closed with silkworm-gut and a voluminous
dressing applied with the arm at a right angle.
Arm and forearm were placed on pillows with
heavy dressings but no splint. Passive motion
was begun on the fifth day. Primary union took
place in the wounds of the elbow and thigh.
Passive motions were continued and increased,
but at the end of six weeks it was found that he
could not use either biceps or triceps muscles, as
he had lost all power from long disuse. However,
after several weeks he trained the muscles by
counting and attempting contraction at the same
time. Finally he was able to flex the forearm
himself, and since that time improvement has
continued.

He has now full motion in flexion, extension,
and rotation, and is able to feed himself, put on
his own clothes, and to do chores about the house.

Biic il Case 1 WiiDs
after operation, showing voluntary flexion and exten-
sion and power of biceps.

Ankylosis elbow. Six months

Previous to the operation, he was entirely help-
less, and unable to care for himself in any way.

Case II. 'W. D. The previous history of this
case is given under Case I. After the arthroplasty
on the right elbow, the patient requested that a
similar operation be done on the left elbow. The
roentgenogram showed a bony ankylosis at 90°.
On January 31, 1914, I did an arthroplasty on the
elbow, using the same method as applied on the



right elbow. The end-result was a stable useful
elbow, with motion from 60° to 160°.

Case I11. 1. H. had fallen on her elbow four
months before she entered the hospital. She had
suffered considerably from pain and was unable
to use her arm. At this time, I manipulated her
elbow under ether and later manipulated it every
two weeks in the Carney out-patient department.
On account of the limitation in motion, an arthro-
plasty was advised.

She entered the Carney Hospital on June 22,
1915. At this time, the elbow was slightly tender
and motion was limited to 40°. There was no

Fic. 2, Case II, I. H. Ankylosis of elbow, showing
voluntary motion in flexion and extension, eight months
after operation.
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pain, but the joint was somewhat enlarged and
the bones felt rough. The roentgenogram showed
an old fracture of the lower end of the humerus.

On June 23d, I did an arthroplasty of the elbow-
joint, using a free flap of fascia lata. The patient
made a good ether recovery. The following day,
the plaster was trimmed about the fingers. The
fever and swelling of the hand continued for sev-
eral days until, on the 28th, after the cast was
bivalved, the temperature dropped and the cedema
disappeared.

On July 3d, the patient was up in a chair. On
the 6th, the dressing showed a slight superficial
sepsis. The motion of the arm was very much
increased. She was discharged from the hospital
on July 15th to report to the out-patient depart-
ment. There was a gradual return of motion.

Case IV. W. M. had fractured his olecranon
as the result of a fall. After an open operation
in which the olecranon was fastened in place with
silver wire, the elbow gave him no further trouble
until a year later following a second injury. A
box had fallen and hit him on the elbow.
weeks later, when he reported to the hospital, he
was in great pain and showed a discharging sinus
from which a piece of wire, which was protrud-
ing, was easily removed. Free drainage was
established and later the arm was twice curetted.

He was discharged March 21st after a
tempestuous illness, to report to the out-patient
department for dressings. In July the wounds
had healed and the patient was discharged to re-
turn in six months for an arthroplasty.

This I did on July 9, 1919, and on his discharge
from the hospital on September 4th, he was able
to flex and rotate his arm voluntarily. On October
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18, 1919, he had voluntarily motion from 158° to
105°. On October 30, 1920, he had voluntary
motion from 60° to 135°,

Case V. E. M. The patient’s trouble started
slowly with general poor health. Two years ago,
she became ill with infectious arthritis, which at
first affected the knees. There was no history
of a neisserian infection. The patient was very
much constipated and suffered more or less from
tonsillitis. Later, the elbows became painful and
could not be straightened out.

Physical examination showed a thickening of
the capsule of the left elbow, with about 35°
limitation in motion. The left knee showed ex-
tension to within 15° of full extension. The
patient walked with a marked limp, and flexed
knees. General treatment was prescribed, with
forcible extension of the knees. As motion in the
arm had shut down, leaving it ankylosed at 100°,
an arthroplasty on this joint was advised.

February 25, 1913, I did an arthroplasty, using
my fascia lata method.

March 24, 1913, the arm showed no swellings.
There was little pain, and the patient’s general
condition was fair. There was about 15° mo-
tion. Gentle manipulation was ordered.

December 16, 1913, the wound had healed by
first intention ; supination was three-quarters nor-
mal, extension was possible to 170° and flexion
to 10° to 15° beyond a right angle. The patient
could reach the opposite shoulder with the thumb
with ease, but could not dress the lower part of
the hair. The muscular power was as good as in
the right arm. To gain more motion, a forcible
manipulation was advised.

December 29, 1913, under ether, extension. to
withsin 5° of straight was obtained and flexion
to 45°.

January 26, 1914, examination of the arm
showed no lateral mobility and no crunching
;(r)%pitation. Mobility was possible from 150° to

F16. 3, Case V, E. M. End-result, ten months after
arthroplasty.

A. Voluntary flexion.
B. Voluntary extension.
C. Range of motion (not full motion).

Case VI. S.S. This patient was first admit-
ted to the Burbank Hospital, Fitchburg, December
5, 1917, with a subacute neisserian infection.
Five years previously the right knee had become
swollen and remained so for three months. A
month later, the right elbow became swollen and
painful. The Wassermann test was positive.



She remained in the hospital thirty-eight days,
receiving general treatment and was discharged
relieved.

She returned to the out-patient department,
July 1, 1918. The arm was then put in plaster
from wrist to shoulder, to remain on two months.
She was told that her elbow would probably be-
come stiff and would require an arthroplasty later.

On January 9, 1919, the patient was advised
to have an arthroplasty done, as her elbow had
become stiff. Following the operation on Febru-
ary 6th, she had an uneventful recovery. The cast

F1c. 4, Case VI, S. S. End-result, three months after
arthroplasty.

At left, voluntary flexion.

At right, voluntary extension.

was removed in two weeks, after which passive
motion was begun. She was discharged March
18, 1919.

Case V1L NE 'R For thirteen years this
patient had had attacks of rheumatism affecting
the ankles, elbows, and knees. The physical ex-
amination was negative except for the joints.
Both knees were slightly flexed and the right one
was ankylosed, showing scars on either side. The
right ankle showed some contraction of the tendo-
achillis. The left elbow showed good motion
except for 10° limitation in extension; the right
was ankylosed at 125°.

The patient was admitted to the orthopedic
service of the Carney Hospital, September 6,
1910, where very slight improvement took place in
the knees and feet under conservative treatment.
In October, 1910, on account of the swelling and
bogginess of the left knee, an arthrotomy was ad-
vised. This was done October 19, 1910. Daily
manipulations were begun on the fifth day, and
an uneventful recovery took place as regards the
knee.

As the elbow was stiff and in an ungainly po-
sition, operation on this joint was advised. On
November 5, 1910, an arthroplasty by the Murphy
method was done on this joint.

November 10, 1910, the right hand was consid-
erably swollen and painful, for which pressure
and hot fomentations were applied. The skin on
the upper part of the arm became somewhat
necrotic from poor circulation and later sloughed.

November 30, 1910, passive motion was begun
and repeated daily. The first attempt at motion
was made and 30° attained. Progress was con-
tinuous and a gradual gain in motion was made.
Later, massage was ordered for the hand, fore-
arm, and shoulder.

anuary 11, 1911, about 30° to 40° motion in
flexion and extension were obtained. The wound
showed heavy granulated tissue. A week later
she was discharged from the hospital. Dressings
were to be done at home.

February 28, 1911, she was re-admitted to the
hospital for manipulation. Normal motion was
obtained. Since this time, she has been seen in
the out-patient department. There is practically
no lateral mobility and the end-result is perfect
function.

F1c. 5, Case VII, M. R. End-result, fourteen months
after arthroplasty.

A. Voluntary flexion.

B. Voluntary extension.

C. Range of motion.

TuE KNEE JOINT.

Knee-joint technique, I feel, has been perfected
to its highest degree by Putti. My technique dif-
fers, in that division of the patellar tendon or
elevation of the tibial tubercle with the patella is
not done, as these seriously complicate conva-
lescence. The Kocher incision is used and the
joint exposed and remodeled in the following
manner :

OPERATIVE TECHNIQUE.

The usual preparation is given both legs from
the ankle to the groin. I feel it is best to remove
the fascia from the opposite leg, thereby minimiz-
ing the extent of the operation on the ankylosed
leg as well as making it possible to remove more
fascia without disturbing the external support
of the joint.

The incision is made from just below the inner
attachment of the patella tendon, curving slowly
over this point to the middle of the external
cartilage, and then directly up the outer side of



the leg just above the mid-horizontal line, a dis-
tance of five to ten inches from the joint proper.
As much fat as possible is taken with this incision.
After clamping the skin-edges with towels, the
skin is dissected to the inner side of the leg, ex-
posing the patella tendon, patella, and tibial
tubercle.

A curved incision is then made through the
fascia, beginning in the mid-anterior line, about
five inches above the patella, and running be-
tween the patella and outer condyle to just below
the knee-joint.

The quadriceps tendon is then exposed and
clongated. This elongation not only allows better
joint exposure, but affords a proper lengthening
when we later place the leg in flexion in plaster.
This lengthening may also be done by the Ben-
net method. The patella is then raised from the
femur, taking the lower cut portion of the quadri-
ceps tendon, and forcibly retracted to the inner
side of the knee, with its inner ligament attach-
ments intact. Some surgeons detach a piece of the
tibial tubercle in order to increase exposure, but I
have found this unnecessary when the quadriceps
tendon is elongated in the beginning. There are
also many difficulties when this piece is removed,
such as delayed or faulty union, which complicate
the convalescence.

The patella in these cases is often found hyper-
trophied and should be narrowed laterally, as well
as thinned and smoothed with a shoemaker’s rasp.

The joint being then exposed, a careful study
of it is made from X-Rays, and great care is taken
to follow the contour carefully. Putti instru-
ments are admirable for this purpose.

Several important requirements must be ob-
served:

1. Be sure to leave a well-defined spine between
the tibia condyle, as well as cupping out the upper
tibia. surface, which will help stabilize lateral
mobility.

2. Carefully round the condyle with a Putti
instrument and a shoemaker’s rasp, making a con-
cavity to fit over the newly formed spine.

3. Actually replace these opposing surfaces,
and mould carefully, without any irregular
hitches during attempts to flex.

4. Cup out a space into which the patella will
articulate. Great care should be taken with this
modeling.

5. Remove a large piece of fascia lata ample
enough to cover both condyles. The fascia near-
est the knee on the outer side is thickest and most
serviceable. When this is removed, sew the
fascia over the condyle, covering all exposed bone
well. Sew posteriorly two inches above the
articular surface. The femur is then adjusted to
the tibia and the patella is replaced. The outer
fascia is united with interrupted chromic catgut.

The elongated quadriceps is then strongly su-
tured and the skin closed with interrupted catgut.
A plaster is applied from the toe to the groin with
the knee in 35° to 40° flexion and the leg placed
in an elevated position in bed. Opiates are often
necessary and may be freely used.

AFTER-TREATMENT.

The temperature, pulse, and pain are carefully
watched for any signs of infection.

The cast is split for dressing in two weeks and
the leg placed into a ring caliper with 35° flexion,
so arranged that this can be changed and passive
motion slowly started.

Traction is also applied with this caliper which
remains on day and night.

Gentle passive motions are started and in-
creased gently, guided by pain and sensitiveness,
which always should be minimized.

Massage is started in five to six weeks for thigh
and calf, and the patient may usually walk with
crutches about the sixth week.

By means of an overhead extension, the patient
may also use passive motions in bed, two or three
times a day.

Active motions are started or attempted about
the tenth week, preferably with the leg submerged
in a tub of water. No actual weight-bearing is
allowed until the lateral ligaments have tightened,
and a caliper may be applied to assist weight-
bearing, depending wholly upon the sensitiveness
and pain on use.

Gase' . B @K S Ages Sl Svearset il 9008
patient had an acute neisserian infection in the
left knee. The opening of the joint resulted in

Fig 6, CGase' T, B (OIK Twelve
years after mobilization, showing
weight-bearing, January, 1923.

an ankylosis. The knee was in good position, but
there was no motion between the tibia and the
femur. The patella was ankylosed to the femur.
Manipulations did not result in a gain in motion.
Arthroplasty was advised.

Decémber 14, 1910, arthroplasty on left knee
according to the technique as described.

December 23, 1910, out of bed. Daily dress-
ings.

January 5, 1911, cast removed.
applied.

January 7, 1911, small amount of weight-bear--
ing. Crutches.

Posterior shell



January 19, 1911, patient discharged from hos-
pital. In a leather leglet with limited motion.

F1c. 7, Case I, F. O’K. 95° flexion.
Twelve years after arthroplasty,
January, 1923.

To continue stretching and daily hot fomenta-
‘tions.

January 3, 1923, now twelve years since arthro-
plasty. No pain and has had no trouble. “No
bother at all and can do everything. Sometimes
has to stop and think which is the operated knee.”
Has gained forty to fifty pounds. Leg straight.
‘Good power in quadriceps. Complete extension

Fic. 8, Case I, F. O’K. Antero-posterior roentgeno-
gram twelve years after arthroplasty, January, 1923.

and 95° motion in flexion possible.
no lateral mobility. (Figs. 6, 7, 8.)

Tue Hip JoINT.

Absolutely

In the hip joint, the method as originally

planned by the late Dr. John B. Murphy is sub-
stantially the same as that being used today, with
the exception that a free fascia transplant is used
and that the transplant is placed around the head
and neck of the femur, instead of over the ace-
tabulum. Great care is taken to save the old
capsule and resuture it over and above the
head of the femur. The technique is as follows:

OPERATIVE TECHNIQUE.

The patient is given a very careful two-day
preparation of the hip from the rib-line to below
the knee. A skin incision is made beginning at
the anterior superior spine and running in a hori-
zontal plane to about two inches below the level of
the trochanter, at which point it curves over the
femur three to four inches below the trochanter
in a U-shaped fashion. This flap, with consider-
able fatty tissue, is elevated, raised to its base line
and retracted.

A similar incision is made through the fascia
external to the sartorius and sweeps around
about three inches below the trochanter, at which
point it reaches the base of the femur. The
periosteum is separated downward one-half inch
and then upward to the base of the trochanter.

With a two-inch osteotome the entire trochan-
ter is removed and elevated, taking with it all the
muscle attachments.

An incision is then made through the capsule
beginning on the ilium and passing parallel to
and in the center of the femoral neck to the base
of the detached trochanter. At the attachment of
the capsule to the femoral neck it is cut off on
both sides for a distance of one and one-half
inches and retracted. A blunt dissector then frees
the capsule from the neck as much as possible.

A study of the junction between the head and
the ilium is made, and then with a curved chisel,
covering a small space at a time, the femur is
separated from the acetabulum. Care should be
taken to follow the outline of the acetabulum, as
this is always hard, while the head is usually atro-

hied.
= Finally the head is freed and dislocated. With
the Murphy male and female rasp the acetabulum
is thoroughly reamed out and the head is thor-
oughly rounded. Great care should be taken to
remove all spicules of bone.

A piece of free fascia lata from the outer side
of the opposite leg is removed and sewed around
the neck of the femur by interrupted sutures.
Then a purse string is tied about it tightly.

The head is reduced. The old capsule is re-
turned and sewed together and to the old attach-
ments as nearly as possible. I feel that this very
materially adds to stability and ensures against
dislocation or a wabbly, unstable joint.

The trochanter is then pulled down to its old
position and held by resuture of the periosteum
with fascia originally elevated. The skin is closed
and the leg placed in plaster from the nipple line
to the toe, with the leg in 10° abduction, complete



extension, and a little pressure over the tro-
chanter.

The cast remains on two and one-half weeks
and is then removed and traction applied. Passive
motions are started at the third week and should
always be within the limits of pain. The patient
is encouraged to voluntarily contract the thigh
muscles and thereby get voluntary control early.

The patient may walk with crutches in six
weeks and bear a little weight in about eight
weeks. Convalescence as regards motion varies
with the type of individual, but all motion should
be within the pain limits.

CaseI. O.P. Age?24 years. Patient had an
ankylosis of three years’ duration involving both

HiG. 19, Gase! 1,.0: /P {Violuntary.
motion in right hip two and a half
years after arthroplasty. (Patient has
about twice this motion, but is handi-
capped in further flexion by double
ankylosis of the knee.)

hips and knees, due to an infectious process, prob-
ably neisserian in origin.

April 12, 1920. Arthroplasty of right hip by
Dr. Andrew R. MacAusland, using the technique
as outlined. It was then about three years since
the original infection. The operation was fol-
lowed by some shock. Perfect healing of the
wound. Cast applied.

May 17, 1920. Cast removed and passive
movements encouraged.

June 5, 1920. Out of bed with crutches.

June 10, 1920. Walking with crutches.

June 12, 1920. Discharged from hospital.

January 13, 1923. No pain. Motion in flexion

40°. Motion in adduction and abduction in arc
of1 152 to 20°%. (Figa9n)
Case II. O.P. Age 24 years. The previous

history of this case was reported under Case I.
Both hips were ankylosed.

November 2, 1920. Seven months after the
operation on the right hip, Dr. Andrew R. Mac-
Ausland did an arthroplasty of the left hip, using
the regular technique.

November 29, 1920. Cast removed. Wound
healed by first intention.

December 6, 1920. Passive motions started.
December 17, 1920. Patient up in wheel-chair.
Some sensitiveness. Omit motion for one week.
December 26, 1920. Passive motion renewed.
January 4, 1921. 'Walking with crutches.
January 22, 1921. Discharged from hospital.
January 12, 1923. No pain. Motion in flexion

Fic. 10, (Case I A@P. Voluntary
motion in left hip two years after
arthroplasty. (Patient has about twice
this motion, but is handicapped in
further flexion by double ankylosis of
the knee.)

40°. Good abduction and adduction.
functional result. (Fig. 10.)

In conclusion, I consider that mobilization of
the joints in its present stage has been developed
to a point where excellent results may be obtained
as a routine in elbow-joint ankylosis ; that arthro-
plasty is indicated always in double ankylosis of
the hip, in double ankylosis of the knee or in any
combination of these, and in ankylosis of the jaw;
that ankylosis of the shoulder and ankle joints, if
in proper position, allows good function, and
should not be disturbed by any mobilization meth-
ods. In ankylosis of a single hip-joint or a single
knee-joint, mobilizing methods should be advised
with caution and judgment, and should be at-
tempted only by highly trained technical operators
who have had considerable experience in mobil-
izing methods.

Excellent

BROOKLYN EAGLE PRESS
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Intrinsic Splint Traction

BY J. WARREN WHITE, M.D., BOSTON

THE purpose of this paper is to report a sim-
ple type of intrinsic traction, which, in my ex-
perience, has proved of value, and which has
not been employed, to my knowledge, in the
form described below. Although a casual search
of the literature has revealed no type of appar-
atus embodying its three main principles, it un-
doubtedly has been used by others. These prin-
ciples may be briefly stated as follows: Iirst,
facility in maintaining a desired amount of trac-
tion; second, comparatively accurate mensura-
tion of foree employed; and third, ease of ap-
plication, adjustment and transportation.

This method of producing extension was the
result of working with the early ice-tong type
of skelatile traction, where the necessity exist-
ed of maintaining a continuous pull for consid-
erable periods of time. The mechanics of the
ice tong in the hands of the iceman applies to
its use on the femoral condyles; that is, as long
as force is maintained in lifting the cake of
ice or exerting traction on the skeleton, the
tong will stay in place. If this force is not
continued in either case, there is a probability
of slipping and displacement of the instrument.
The necessity of a more or less fool-proof and
stable apparatus was therefore apparent. With
the adjustable tongs being made now, the need
of continuous traction is not so imperative.

As its name indicates, the traction is pro-
duced and applied within the limits of the
splint. A Thomas leg splint, or some such modi-
fication as would be necessary In employing it
with an upper extremity, is the basis of the
apparatus. This splint should be sufficiently
long to allow for at least two feet between its
distal tip and the distal end of the arrangement

that is fixed to the extremity, whether is be tong,
if skelatile traction is used, or ‘‘adhesive spread-
er’’ or its equivalent, if ‘‘skin traction’’ is uti-
lized. The advantage of this type of traction
over the weight-and-pulley arrangement will be
taken up later on in this paper and I will now
describe the mechanical details upon which it
depends. | i

The pull is exerted and maintained by three
elements arranged in series, one end of which
applied to the distal extremity of the splint and
the other end to the distal extremity of the ar-
rangement fixed to the point at which traction
is desired. The proximal element in this series
is a bunch of rubber bands of thickness and
number suitable to the space available and to
the amount of traction deemed necessary. To
these india-rubber bands is fastened a spring
balance of about twenty-five pounds capacity,
of the type used for weighing infants. A small,
nicely nickeled spring balance, as above, can
be obtained at most surgical supply houses for
about a dollar, which will be satisfactory for
this purpose. I have found that they retain
their accuracy, although they do stretch out to
some extent, even after being used on a con-
stant traction varying from seventeen to seven
or eight pounds for six weeks or more. To the
other end of this scale is hooked a metal chain
of the type now used in heavy windows instead
of window cord. This chain is passed about
the distal end of the splint and hooked back
on the scale through a link that will give the
traction desired, which is read directly on this
seale. It has been found that the combination
of the india-rubber bands and the balance makes
it possible by its elasticity to maintain a given



traction for an indefinite period with little need
for adjustment. Rarely has more than twenty
pounds traction been found necessary to effect
correction of overriding in fractured femurs,
and in recent cases I have never had to use more
than twenty-five. It might be stated here that
I have found it better to employ many small
rubber bands than a few of the larger type, as
they can be handled more easily and it makes
little difference if two or three should snap.

The usual form of intrinsie traction common-
ly described depends for its action on the prin-
ciple of the Spanish windlass. This has been
found to be impracticable except in emergen-
cies, as there is no way of measuring the amount
of traction applied or maintaining it at a con-
stant amount. The relative lack of elasticity
results in either too much or too little tractionm,
producing discomfort and pressure sores in the
former event and no correction in the latter.
Any slight variation in the distance from the
point at which traction is applied on the limb
and the distal extremity of the splint produces
a great amount of variation in the force exert-
ed. The stretching of the rope used in the

Fi16. I.—Showing arrangement of the y
other to the distal extremity of a Thomas splint.

windlass also tends to reduce the amount of
traction in a short time.

While this apparatus is used most commonly
on the lower extremity, it can be almost equally
well employed with a Jones humerus exten-
sion splint, the Thomas traction arm splint, or
even in forearm conditions where a Jones splint
is used and traction desired. While I stated
above, two feet is wanted where possible, this
type of traction may be employed within a
space of ten inches.

The leg is supported by the usual transverse
slings attached to the bars of the splint, which
itself is supported by some form of adjustable
upright fixed to the foot of the bed or the Brad-
ford frame, the latter being most convenient in
handling these cases, which are necessarily bed-
ridden, while active traction is being employed.
If the pressure on the ischial tuberosity and
pubie ramus becomes uncomfortable, the foot of
the bed may be elevated, allowing the body to
pull slightly away from the ring. This, natural-
ly, increases the amount of traction, which is
immediately noted on the scale, and the neces-
sary adjustment can be made. The apparatus

Window chain.

Twenty-five-pound spring balance showing graduations read directly
to show amount of traction applied.

Bunch of rubber bands to increase elasticity.

Adhesive ‘“‘spreader.”

three elements producing the traction, one end attached to an adhesive “spreader” and the
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is so stable that no risk is run in moving the
patient on the frame to another bed, or to a
truck for ease in transportation outdoors or to
the x-ray department. The fact that the entire
apparatus is a unit on the frame and cannot
be easily disarranged is an argument in its favor
when one compares it with the cumbersomeness
of the weight-and-pulley mechanism usually
necessitating the Balkan frame. The ease in
obtaining x-rays is of great value in effecting
and maintaining position with a minimum of
traction. This in itself predisposes good re-
sults. Excessive traction that tends to separate
the fragments must be avoided as it is undoubt-
edly a cause of delayed union. Sufficient force
to maintain position is all that is desired.

The efficiency of this arrangement will ap-
peal to the man who has had to care for fraec-
tured femurs on a busy ward surgical service,
where it is difficult to give these cases the neces-
sary personal attention that will insure the
proper functioning of the extension apparatus.
The usual way of treating the average frae-
tured femoral shaft at present is by extrinsic
weight-and-pulley traction with suspension of
the extremity. This is, of course, more efficient
than the old Bueck’s extension, even if a Volk-

Fia. II.—Intrinsic splint traction
and early passive motions under con

man’s sliding rest is used to minimize the frie-
tion of the lower leg on the bed. Not infre-
quently the morning hospital visit finds cases,
supposed to be ‘‘on traction,’’ without a pound’s
pull being exerted. A few of the commoner
reasons for this are: sliding the patient in bed,
bringing the ‘‘spreader’’ against the upright
holding the pulley, the rope being off the pul-
ley and wedged down beside it, the pulley itself
being jammed for some reason or other, the
weights resting either on the floor or on a cross-
bar at the foot of the bed, slipping a knot in
the rope against the pulley, and so on.

It is not only for reducing and maintaining
fractures in apposition that this form of trac-
tion is useful, but it is for any condition where
traction is indicated, such as in the correction -
of flexion deformities, immobilization in acute
or chronic arthritis or septic joints, including
cervical caries or arthritis, where the Bradford
frame is used as a splint, and in arthroplasties,
particularly of the hip and knee. The conven-
ience and efficiency of this type of apparatus
suggests its use where the more cumbersome
and complicated weight-and-pulley traction
would not be considered.

240 Newbury Street.

Cord regulating passive motion under control of patient.

Upright holding splint in anti-aircraft position, resting on foot
of bed.

Traction without using chain because of lack of space, amount
used obtained by employing proper number of rubber bands.

being used in postoperative care of an arthroplasty on a knee. Ten pounds traction is usea
trol of patient within the limits of pain urged.
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ASTRAGALECTOMY (THE WHITMAN OPERATION) IN
PARALYTIC DEFORMITIES OF THE FOOT

By W. RusseL. MacAusLanp, M.D.
SURGEON-IN-CHIEF, ORTHOP®EDIC DEPARTMENT, CARNEY HOSPITAL
AND
AnxDREwW R. MacAusLanp, M.D.
or Boston, Mass.

IN 1916, one of the writers '* read before the Orthopadic Section of the
American Medical Association a paper on ‘ Astragalectomy in Infantile

iy
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palding

FIG. 1.—Astragalectomy—the Whitman operation. Line of incision.

Paralysis,” which included a review of the literature of the subject up to that
time, and covered a series of one hundred and thirty-five cases. In 1920,
J. W. Sever *® published an article in the Journal of the American Medical
Association, reporting two hundred and seventeen cases of astragalectomy
done at the Boston Children’s Hospital, by eight surgeons. The results
recorded by Sever are so diametrically opposite to those which were reported
in the above paper that, in justice to the classical operation described by
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Whitman,?? we believe it necessary to make a further report of a series of
two hundred and forty-seven of our own cases.

The Importance of Muscle Balance in the Foot—The normal foot is
balanced by muscles which work in perfect coordination, assisted by ligaments
which check the extremes of motion. When paralysis involves the foot, the
resultant damage varies from a slight, almost unrecognizable lack of muscle

s

|

i
FiG. 2.—Tendon of peroneus longus exposed; tendon of peroneus brevis being exposed.

balance or weakness of a single group, tc a complete paralysis of all the
muscles. Lack of muscle balance causes two serious conditions, instability and
deformity. The instability, which is greatly increased by the presence of
paralysis elsewhere, may impair function out of all proportion to the extent
of the paralysis. Deformity develops eventually in practically all cases from
unopposed muscle pull. The recognition of this fact and the prevention of
deformity are most important, since no reconstructive surgery can be done
until all deformity has been corrected.

The Relation of Shortening (and Atrophy) to the Extent of Paralysis.—
Instability, particularly with the additional handicap of deformity, is the
major factor in determining the amount of shortening. The authors observed
long ago that many severe and extensive paralyses developed only one or two
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inches of shortening, whereas many cases with a single paralyzed group of
muscles had as much as two to four inches. Analysis showed that patients
using the leg well in walking developed less shortening than those using the
leg poorly. Further, it was apparent that insecurity or instability of the foot
caused the patients in the latter group to hop quickly over the “‘weak leg, using
it as little as possible. This explains perfectly why calcaneovalgus is asso-

Srauldiny
el

F1G. 3.—Peroneal tendons sutured and divided.

ciated with more shortening than one would expect from a single group
paralysis; and, conversely, why almost flail legs vigorously used, show less
shortening than one would expect. It becomes unnecessary to fall back on the
term “ trophic ”’ to explain shortening.

Early “ stabilizing ” operations are amply justified to avoid shortening.

The Object of Astragalectomy—The object of astragalectomy is to make
a new ankle-joint (an arthroplasty) which, with such muscle as is present,
will be stable and well balanced. When properly done, an astragalectomy
shifts the weight-bearing line to the front by the forward displacement of
the tibia and the fibula, thereby obtaining a so-called “ rocking-horse foot,”
with the weight-bearing near the middle—the point of advantage—rather than
on the “backstep of the rocking horse” as is clinically seen in a case of
calcaneovalgus. The fulcrum is increased by the lengthening of the posterior
arm or the distance between the weight-bearing line of the tibia and fibula
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and the back of the heel. This change in weight-bearing is particularly
efficient when the peronei are transplanted into the Achilles tendon, in which
position they not only tend to prevent recurrence of calcaneous but in most
cases may even assist in plantar flexion.

Astragalectémy not for Ankylosis but for Mobility (Arthroplasty).—
There seems to be a widespread impression that the operation results in anky-

9

F1G. 4.—External lateral ligament divided; tibio-astragaloid ligament divided; interosseus ahd external
talocalcaneal ligaments being divided.

losis, but ankylosis is neither sought nor expected, and if it does occur should
be regarded as an unfortunate result. Astragalectomy has a distinct advan-
tage over arthrodesis, in that it not only stabilizes but also preserves motion.

Indications and Contra-indications.—Astragalectomy should never be done
in the presence of any structural deformity. This, if present, should be
corrected by manipulative methods and the foot held in overcorrection for
several months (walking being allowed) before astragalectomy. This neces-
sary principle may have been overlooked in some of the many failures reported
in the series from the Boston Children’s Hospital.

Astragalectomy is indicated in calcaneus deformities, especially in valgus,
for which it was originally devised by Whitman.?? In calcaneovarus, it is
important first to eliminate all varus deformity by repeated stretchings and by
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retention of the foot in
OVEHERIIEeh@mn, A & i @ 7
months of overcorrection,
‘astragalectomy may be
done with safety. '
In dangle-foot astraga-
lectomy results in stability,
the weight being trans-
ferred to the centre of the |
foot, the arch elongated,
and the os calcis made
more horizontal. In cases
in which only the plantar
flexors remain, great care
must be taken to prevent
the deformity of equinis.

L o Spdu 192 5¢),
In equinis deformities f‘
(with no power in the i
o F16. 5.—Dislocation of astragalus by strong inversion of foot.
anterior group) aStraga' Note heavy dissector under neck by which astragalus is pried loose

lectomy is useful in ip- Pead first.

creasing stability, but great care must be taken to prevent a recurrent deform-
ity. In severe equinovarus, after repeated stretching, the removal of the
: ~ — astragalus is frequently
the coup-de-gras needed
to complete and maintain
a serviceable foot without
deformity.

Astragalectomy is very
valuable in severe claw-
foot. The great relaxa-
tion of the soft tissues
occasioned by the removal
of the astragalus gives the
opportunity to save many
feet that otherwise would
be amputated. Slight or
moderate varus and equi-
novarus may be treated

by other methods.
Formerly we have in-

e © paulding
- 7 el

F16. 6.—Widening tibia-fibular articulation by removal of thin slice cluded a few cases of

A

of cartilage from internal malleolus. equinovalgus in our list

of astragalectomies, but the recent addition of the “loop” operation, also
devised by Whitman, is replacing astragalectomy or astragalo-scaphoid arthro-
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. F16. 7.—Widening the tibia-fibula articulation by removal of
thin slice of cartilage from one or both; the internal lateral ligament
has been dissected up to sharpen the malleolus.

desis in paralysis of the
anterior tibial.

A ge—Any operative
interference should be
withheld until two years
have elapsed since the
original paralysis. It is
neither necessary nor ad-
visable to do an astraga-
lectomy before this period.
Also, we do not advise an
astragalectomy before the
age of six years, and it is
better to wait until the
child is eight years old.
The ages between eight
and sixteen years have
been found the best, for
in this period motion is

easily preserved.

Operative Technic—Asepsis should be guarded carefully and all manipu-
lations should be gentle. A tourniquet is applied after the Esmarch bandage.

A curved or L-shaped
incision is made around
the external malleolus ex-
tending forward over the
head of the astragalus.
(Fig. 1.) The upper flap
is then dissected upward,
exposing the tendons of
the peroneus longus anc
brevis, which are dissected
free and severed at the fih-
vl e, e @acly e
sutured with No. 2 catgut
andEinetracied s @liias i
T ) B A B 1 GISTO RIS
then made through the
external ligaments around
the astragalus, special care
being taken about the head
of the astragalus.

F16. 8.—The new articulation for internal malleolus. Note
removal of inner one-fourth to one-sixth from inner side of scaphoid
(Flg thus forming pocket for sharpened internal malleolus. :

4.) The foot is then strongly inverted. By means of a blunt dissector placed
under the neck of the astragalus the bone is pried out of position, head first
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and removed—a veritable coup-de-main when well done, taking less than thirty
seconds. (Fig. 5.) The ease with which the foot may be displaced backward
will be appreciated at once, but in order to ensure a good, stable joint a certain
amount of careful modelling must be done.

The internal lateral ligament is dissected upward from the internal mal-
leolus, more in cases of equinovarus than in other cases. If necessary, a strip
of cartilage is removed
from both tips to allow
spanning of the scaphoid
and cuboid. (Figs. 6 and
7.) A {inim sliee o bome
is then excised from the
sides of the scaphoid and
cuboid to form pockets
for the malleoli. (Figs. 8
and 9.) The foot is dis-
placed backward and held
carefully in this position
to ensure the proper rela-
tions in the new joint.
This backward displace-
ment of the foot which
checks lateral movements
by actual bony contact be-
tween the scaphoid and
the tibia, is the essential

feature of the Whitman F16. 9.—Dissection of 1igame}elnts up to make pocket for fibula by
i t :
operation. A moderate e cuboid

equinovalgus ensures stability while holding. (Figs. 10, 11 and 12.) The
peronei are disposed of by (@) suture to the Achilles tendon, by (&) tendon
fixation to the fibula, or by (c) resuture to the tendons of the peronei, as
indicated in the given case. (Figs. 13, 14, and 15.) The skin is closed
with catgut, and plaster is applied from the toes to the mid-thigh with
the knee flexed and the foot in slight equinovalgus. (Fig. 16.) The leg
is kept elevated for a period of ten days, after which crutches may be used.
The first change of plaster case takes place in three or four weeks, at which
time the equinus is corrected to a right angle in cases where the quadriceps
is present, or is left in 5° to 8° equinus in cases in which the quadriceps is
paralyzed. The mechanical value of this must be apparent. Valgus should
persist to a slight degree throughout the treatment.
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