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I NTRODUCTION

�\�it al hitIIh)-lflOh( I arthlroplasty has been I)erforllled in forty-tw’o cases, l)IeseI)t ing cofli-

phications of femoral-neck fractures, dtmring the l)aSt seven andl one-imaif years. Timis is a
small series, ansi some of the cases repom-ted fail into time class of “early” rather than “ens!”

results. Our statistics. tlmerefore, may change for 1)ettel or for worse, as time years go by.

It is fair to say that the study of results up to the present time is encouraging.

OPERATIVE PROCEDURES

I\Iold artlmroplasty consists in first creating a joint as nearly perfect, mechanically, as

possii)le, and then gtmiding nature’s repair by means of an inert mold, an(l carefully super-
vised exercises. As applied to time treatment of complications of fracttmres of the feinoral

neck, time pi’ocedimre is varied, according to time extent of time degenerative changes; four

different types of mnohd arthroplasty have resultedi:

1. Routine 11101(1 artimro�)laSty;

2. Modified Whitman reconstruction operation;

3, i�Iodified Colonna reconstruction operation;

4. I ntertrochanteric 11101(1 arthroplasty. -

Case A. F. Momierate aseptic necm’osis of the femoral hiead in a woman, forty-eight years old. Sue
hash sumsttmmmmed a sumbs’apmtai fracttmre two yeam’s previoumsly and hind been treated by tra(’t ion for five
weeks. foliowesi by partial wemgimt-beam’ing on cm’umtchmes for six mnonthms. Full w’eigimt-bearing without

pain was imossible umntii sixteen mmiontims after time accident at timis time onset of pain necessitated
met mmrn t 5) (‘mutel es. \‘m tall mummn-mold ai’tim i’oplastv was performed two years and thmree mont ims after
mmijumry. Thmis was a very favom’able case, because time aseptic necrosis was mimoderate ; bone aimml mmmuscle
atropimy was also modem’ate, due to time absence of complete imnmmiobilization and to persistent, even
though limited, function.

* Presented at time Ammnumal Meeting s)f Time American Orthmopaedic Association, Hot Springs, Virginia,

June 29, 1946.
t On Rockefellem’ Tm’avelhing Fellow’ship.
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Two and oume-imaif years after time arthmm’oplasty. time report of time examination read: “Walks with-
omit a himup, Imo pain. Omme-imalf immeim of shortening. Motiomms: Hyperextension, 5 degrees; flexion,
115 (iegrees; internal rotation, 10 to 15 degrees; external rotation, 15 to 20 degrees; abdumetion, 20
mhm’gm’ees; tmdmium(’tion,20 degrees.” Patient m’(’tumrmmed to her w’om’k as a mmiusic teacher in time public
s(’imools temm mumommths after time artimm’oplasty.

Timis mass’ ii lust mates thus’m’esumltof a m’oumtimme mimold am’thmi’oplastv for himmmited asept is’ necrosis of time
femnom’ai imead.

1”mg. 2-A: A. T. Extemmsive aseptic n(’(’rosis of femoral imead and proxinmal neck in a woman, fifty-
sevs’mm ‘s’e�tm’5 ohs!, Sime im:mm! sumstained a fm’acture of time (tistal neck fotmr and one-half �‘ears previously
an(1 ham! i)eemm t rs’:mt ed hO,’ mmaihing (This roentgenogranm is instructive. because it iiiu.trates t he
sumrgeons hmal)it of outiimmimmg time commt(’nilmiated operative pm’oee(ture.) In this case the a(’etai)mmhumnm was
Imot mieei (‘11(51 55 � l:mnmiem I . 1)es’aumse, a ft em’ remimovai of t he area of necrosis, t hue neck was foummst I 5) 1 �e
too simom’t . Grafts fm’ommi time iliac crest wem’e introdumced into time distal neck and the yitahhium molsi
was :sp�miiest, Tim(’ gm’eatm’r t m’ochmammter was not transplanted ; this was an error in jumdgmemit on time

pam’t of time sum’geomm. Six mimonths later time trocimanter had to be transplanted. because time recon-
stnmcted ne(’k imad m’otated out of the nmold.

Fig 2-B: Roentgenogm’:mmmm takemm eigimteen montims after arthroplasty, tw’elve months tufter tramms-

plammtat ion of time gm’eatem’ tm’ochmanter, Motions possible at this tinme: extension, complete; flexion,
90 degrees: abduction, 15 (iegm’ees; internal rotation, 15 degrees; external rotation, 10 degrees. Timere
was simom’temiing of five-eighmtims of an inch. The patient is leading a fairly normal life; sw’immimiming and
imoreshack-m’idimmg am’e inclumded in Imer activities. She uises a cane for ouitdoor walking.

This case iliimstr:mtes time m’esumlt of a modified Whitman nit hropl:mstv for extensive necm’osis of time
femmmom’al hmea(i ammd iroximim:ml mmes’k.
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1. Routine 11101(1 Arthroplasty

In aseptic necrosis of the head, limited in extent an(i occurring after union of time

fractured neck, a routine mold arthroplasty is indicated. This consists in reSh1a�)iflg the

ilead and acetabulum so as to create two congm’uous surfaces; the “crater” representing

time necrotic area is excise(1 down to bleed!-

ing bone and, in cases of relatively cx-

tensi’m’e necrosis, time resulting defect is

l)acked with camicehlous hone from the
iliac crest. Time reshal)ed femoral hmead

is covere(l with a vitahliumm� mold ammd m�e-

placed in the acetabuhumn Figs. 1-A and

1-B).

2. Ihlodified Wit it man Reconstruction

Operation

When time aseptic necrosis involves

muost of time head, even though time frac-

ture imas united, a modified \Vhitimman re-

construction is indicated. Timis consists

in discarding the “dead head”, reshaping

FIG. 3-B FIG. 3-C

1”ig. 3-A : H P (‘omplm’te absom’l)tion of rigimt feniom’al head and neck withm mmmarked atrophmy of
pelvis and simaft of fenmumm’ mmi a �s’ommman, flfty-eighmt yeai’s old. Sue hmtu(l sustained a fm’acture of time
distal nes’k four and one-imaif veam’s pi’eviouslv and imad been tm’eated by internal fixation by means
of two imins. Non-union imad beconme evidemit six mommthms later and time pins imad been removed.
Roentgemmogm’tmm iliumstrates a local condition nmost unfavoi’able for artimrodesis or osteotommmy.

Fig. 3-B : Omme mnonth after a “umodified Colommima” . Time acetabuhmmmmm imas been deepemmed mmmedially
and postm’rlom’iy ammsi its ammtem’iom’ �s’nii excised. Time aflt(’l’iOr third of time ilimmm hmas been osteotomized
\‘ertm(’allv. anst its outer cortex disl)laced laterally ; bone grafts fronm time iliac crest have been packed
into time osteotonmy ga’). III time abducted position, time trocimanter, covei’ed by the mold, is in
tl�)pOsitiOfl to tim(’ floom’ of the aectabumlum. Time sulpel’ior asl)ect of time lessei’ tm’ocimammter has been
excised to l)revent immmpingemmmemit against time inferior aeetabulunm.

Fig. 3-C: Four years after nmoimi arthmrophasty. Witim time hip in neutral, as far as abduction and
adductioml are concem’ned, time trocimanter rests tsgainst time lateral acetabulum; time osteotomy of time
ilium imas extended time superior acetabular border, thereby preventing sublumxation of the femoral
imead. Timere is a wide joint line, indicative of a cartilaginous lining of time aeetabulumn. Motions

possible at this time: extension, complete; flexion, 110 degrees; abduction, 25 degrees; adduction,
30 degrees; intermmal rotatiomm. 25 degm’ees; extem’nal rotation, 25 degm’ees. Timere was simortening of two
inches. Timis patment does all imem’ imoimseimold (lulties; climbs stairs noi’mnaliy; uses a cane only for
outdoor w’alking; (hoes not complain of pain.
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the viable remainimmg n(’ek, covering it with a vitahhiumn mold, and! replacing it in the

acctabuiuimm. In the nmjority of cases, it has been our experience that the viable neck

is too short and that ostcotomy of the greater trochanter and transplantation to the sub-

trochanteric region are indicated. This is, timerefore, a typical ‘Whitman reconstruction

procedure, with the addition of the vital-

hum-mold artimroplasty (Figs. 2-A ansI 2-B)

3. Modified Colonna Reconstruction Opera -

tion

In non-union with a dead head and inure

or less complete absorption of time mmeek, a

“modified Colonna” operation is iimdicated.

This consists in creating a deep acetabulum

an(! freeing all muscle attachnmeimts from time

greater trochanter down to t he infratrochan-

teric region. After time trochanter 1015 i)een

shaped with reamers, care being taken to sac-

rifice a mnininlumu amount of bone, time mold

is a�)phed and the greatem’ trochantem’ is intro-

1”ig. -1-A : B. ( . _\.�e’j.t1c imecrosis of femmmoi’al Imead and iiroxiimmal neck in a wonmamm, forty-mmiime years
old. She imad sumstaines! a mmiisl-mmem’k fractum’e twenty-tw’o mnonths previoumsiy, and imad h(’(’n treated
by plaster (‘ast fom’ seventeen weeks. Eleven niontims after time fracture, “nailing” Imad been (hone.
Fibm’ous union w’itim ext(’mmsmve aseptic Re(’l’OsiS had resulted.

Fig. 4-B : Eigimt nmoimtims after time nmold arthrophasty. Timere was an error of juldgmemmt OIl time part

of time sumrgeon in timis ease ; time greater trocimanter should have been osteotomized and transplanted

downwam’d, in om’(ler to cm’cate a better mecimanical joint. Aseptic necrosis imad progressed inside time
mold, umitil time mmmold came to rest on time greater and lesser ti’ocimanters, producing pressmmm’e chammges
acconmpanied by pain.

Fig. 4-C : Roentgenogm’am taken seven months after revision of time arthrophasty. At time time of
tlmis operation, time gm’eatem’ tm’ocimanter presented such extensive cimanges that a modified Colonna was
considered inadvisable. Time lesser trocimanter was excised subperiosteally, and time intertrochmanterie
region was resimaped to fit time mold. Time atrophied greater trochanter, with its mumscle attachments,
was transplanted to time infratrochanterie region. Examination at thuis tinme showed immobility as
follow’s: extension, complete; flexion, 95 degrees; abduction, 50 degrees; adduction, 5 degrees; in-
ternal rotation, 20 degrees; external rotation, 20 degrees. Timere was shortening of two inches. The

patient does not complain of pain, but Imas a marked short-leg limp.
This case illustrates time importance of creating a joint meclmanicahly able to transmit weiglmt, even

if this requires transplantation of time greater trocimanter.
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Fic. 5-A FIG. 5-B

1”ig. 5-A : A ?mI,, a w’ommmami, fifty-six ycam’s old. Shmow’ing a “dens! lucas!”, ai)sorption of time neck. and
a(!vammced atro�)imy of time gm’eatem’ tm’ocimantem’. Timem’e is also evl(!elmce of bomme ah)sorption aroumnd time

naml aims! time scm’ew. In timis case, also, time local conditiomm is unfavoi’able for osteotomy or artimro(lesis.

1”ig. 5-B : Boentgemmogm’amn taken twenty-seven mommtims after a mmmodified Colommna witim o�teotomny
of timm’ gm’i’ater trocimanter, as des(’rih)esl in time text. Repom’t of exammmination : Walks withoumt a cane
w’mtim sommie hinmi) ; no 11101) uu’hemm walking w’itim a camme. Extemmsuomm. conml)iete ; flexion, 115 (legm’ees
ai)miuctiomm. 25 degm’ees ; :mmlshmction, 15 siegm’ees ; immtem’nal m’otatiomm, 35 degm’ees ; external rotation, 35
slegm’ees Patient (10(5 not commuimlain of pain. Sime retum’imed to imi’s’ �u’om’k as a mummrse, omme year after
the al’thmrol)lasty.

(luced into time acet al)ulumu. The (hivi(!edl muscles are transplanted! to time infratrochanteric

region and fastened by heavy silk sutures or by wire.

Since time greater trochantem in(hines latem’ally from the axis of time femimoral shaft�, it

has a tendency to he disl)lacesi out\vam(1 from time acetabulum ‘m�’imen time extremity is

bm’ought into a position of a(Iductn)n. To h)I’event subluxation, time anterior inferior ilium

is oStCOtOWiZe(l vertically, an(l its outer cortex is spm’ung laterally ; bone grafts from time

iliac crest ai’e introduced immto time cleft, maintaining the outer cortex in its lateral displace-

nient. By timis proce(lure the acetal)ulunm is deepened by half an inch or so. Time lesser

trocimanter somnetiiues comues into dangerous l)m’oxinlity to time anterior lip of time cotyloid

notch, l)articulariY w’itlm time extm’emitv in a(i(iuctiOn. Subperiostcal excision of time lesser

tI’ochantel’, with the (histal expansion of time ihopsoas attachmnent left intact, prevemmts such

n�echanical imnpingemuent.

4. Intertrochanteric Mold Arthroplasty

In one patient, extensive d!egenerative changes oceurre(1 imnder the mold, aiiow’ing the

flli)l(1 to settle dOwn and c�mne to rest on 1)0th trochantem’s. The greater trocimanter i)ecame

so atrol)hied that it coult! not be shaped and used! fom’ a “modified Colonima”. After sub-

l)erioSteal excisR)n of time lesser troclianter, time intertrochanteric region was reconstructed
to fit time mnol(I, ansi time atl’ol)hie(I gi’eater trocluantem’ was tm’ansplanted to time infratrochan-

teric region of time shaft. The result looks good on pal)em’, flS far as mobility is concerned,

but time shortening is deplorable (Figs. 4-A, 4-B, and 4-C).

In another case the greater trocimanter w’as similarly affected, i)ut for a different reason.

Thmis time time cimanges were due to extravagant use of the mneans of internal fixation,-

namely, a three-flanged nail accompanied by a screw. In timis case time initial arthroplasty

‘ms’as successful andi, in the opinion of the authors, it is a better procediure than that just

describedi. The screw had already perfom’mued a partial osteotomy, and it was simple to

make the osteotomy complete after removal of the screw. The osteotomy performed ‘mvas

similar to a green-stick fracture. Time remnant of the atrophied greater trochanter was
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then folded dow’nward and medially, and transfixed in this position by means of a small

three-flanged nail. As has already been pointed out, the greater trochanter deviates

laterally from the axis of the femoral shaft; this procedure, then, has a favorable effect

On time trochanter, as regards its stability in the acetabulum (Figs. 5-A and 5-B).

EVALUATION OF THE RESULTS OF THESE OPERATIVE PROCEDURES

BASED ON PERSONAL EXAMINATIONS AND INTERVIEWS

BY MR. W. ALEXANDER LAW, OF THE LONDON HOSPITAL, LONDON, ENGLAND

The postoperative results in this series of forty-two cases have been assessed by chini-

cal and roentgenographic examinations, and an effort has been made to determine the value

of the operation both to the patient and to the surgeon.

Pain in time hip region is minimal in the majority of the cases, and in both early and

late postoperative phases. It is usually present in the form of stiffness on rising from a

low chair or at the commencement of activity. Patients do not complain of low-back

symptoms, nor of stiff knees.

Motion

Mobility of time hip joint has to be considered in conjunction with stability. The

greater range of rotation and abduction seen in cases treated by the “modified Colonna”

procedure is associated with diminished muscle leverage.

, Time range of motion achieved by time four operative procedures is shown in Table I.

This motion is invariably smooth and painless, and in no case is there any suggestion

of telescoping. It is to be noted that the great majority of these patients have a sufficiently

extensive range of hip-joint motion to enable them to dress themselves, including putting

On their own shoes and! stockings, to sit in comfort in low chairs for protracted periods, and

to perform their ordinary household and social activities.

Gait is dependent upon the smooth motion in the hip joint, the stability of the mold

in time deepened acetabulunm, and muscle power. Strict training and re-education with

particular attention to heel-toe movemnent is most important; and, even in the presence of

limb shortening, it is advisable not to raise the heel on the side of the arthroplasty, so that

the patient will stretch out the hip and avoid an adductor gait in the early stages. Later,

when a good joint is becommming apparent, comupensation for shortening is allowable and

helps to o’m’em’conie any Trendielenburg appearance. Unless the gluteal muscles are very

weak and the patient is without the support of a cane, a Trendelenburg gait is rarely

obvious in these patients, even when climbing stairs.

Residual deformity is more likely to occur, if the operation is complicated by sepsis or

failure to maintain the relationship between the mold and the acetabulum. In the majority

of the cases, muscle training and exercises prevent any persistent joint deformity, and some

degree of shortening alone is present. This is minimal in the patients treated by the routine

mold arthropiasty and is more marked after the Colonna and intertrochanteric arthro-

plasty procedures.

Evaluation of Treatment

The value of this operative treatment to the patient is obvious. Without exception,

the younger patients have returned to their work, including such occupations as mining

engineer, department-store manager, stenographer, and nurse. The more elderly have been

able to performn their social activities, and use a cane for distance walking.

In Table II the functional value of the hip joint, from the point of view of both the

patient and the surgeon, is presented; it is to be noted that in two cases the hip is satis-

factory to the patient, but not to the surgeon. In three cases, the result is unsatisfactory
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