
EVOLUTION OF SPINAL FUSION
MA. B. HOWORTH, M.D.

N'IEW YORK, N. Y.

FRO.M TILE NE1,-\\' YORK ORTrIOlPAEDIC DISPENSARY AND IlOSP11'AL, NE\W YORK, N. Y.
Discussio.N- OF rHIE EVOLUTION of spinal fusioni miiust ilecessarily begini

With the niamiies of Russell Hibbs and Fred Albee, as these two mieni were
tl1e first to develol) mietlhods of spinial arthrodesis anid to furtlher the genieral
use of these proce(lures by the orthopedic surgeoni. Hibbs, in 1(IO, devised
a miiethod of usinig fragmiients fromii the spinous processes and lamiiniae as
a iimeanis of obtaining boniy anikylosis, whereas Albee used a graft of free
bone fromii the tibia of the patieint. Hibbs lhad observed, in studyinig- tlle
patlhology of tulberctilosis of the spine after treatmient with plaster eni-
casen)enits or l)races, that in many cases a sponitanieotus l)ony ankylosis of
the lateral articulationis and occasionially of the laminae anid spinous processes
lha(l occurred. Sometimes eveen the vertebral bodies were found to he
fused togetlher. He observed, also, that this natural ankvlosis was usually
inicomiiplete. somletimiies including the joint on onily one side, and usually
lagging behlinid the tuberculosis as it advancedtup and down the spinal
coltumniii. He fotund that it took many years for the ankylosis to occtur, ancd
that it rarely resulted in comiiplete healinig of the disease. Hibbs reasoned
tllat if the ankvlosis could be produced operatively, safely, and more quicklyl
tlhani would occur by the nattural process, that the comiiplete splinting effect
affordedl thereby might result in more rapid anld mlore certain healin(g
of the disease. He stated: "One of the reasons why the disease is so per-
sistenit in its destrtuctive effect oii the bodies of the vertebrae is because of
the mlotioni which takes place between thelmi, and wlhile the variotus metlhodls
of treatment limllit the motion, nonie absolutely prevents it. In the light of
ouir present knowledge and experience the greatest need in the treatmlenlt
of this disease, both from the standlpoint of shortening its duration anid pre-
ventino- its defor ,itv is the perfection of a method whlich will absoltutely
iiimmiiobilize the spine tlhroughout the diseased area and miiake developmen't
of defornmity imiipossible. The writer has done ani olperation for stiffenillng
the knee joint' . . ", which "led to the conception if the periosteuni of tlle
spinotis processes was carefully removed, and the processes were divided
at their bases, and placed longitudinally in the interspinous space touching
w-ith either end the base from which the processes were removed and then
the periostetim brought back anid sutiured, a simlilar coinditioin would be
produced."' On January 9, 191 , after preliminiiary wvork oni the cadaver,
wvith the assistance anid encouragemient of George Hunitingtoni, of the De-
partment of Anatomy of Columbia UniversitV, Hibbs performied the first
spinal fusioni on a livingg suibject, a boy wxithi tuberctilosis of the spine. The
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patient recovered fromii the operation without complicatioll, bony ankylosis
occurred, and, over a period of months, the tuberculous lesion healed. Hibbs
reported the operation on this and two other patients on M,ay 27, I9I1I-
"An Operation for Progressive Spinal Deformities2"' (Fig. iA). In this
report he added: ". . . In the very young, however, I think it will be neces-
sary to graft bone from the leg. This is a perfectly practical procedure."
Further, ". . . No case of lateral curvature has yet been done, but I pro-
pose to do exactly the same operation, and if it is not sufficient, to do an
arthrodesis between the lateral processes.2 WNe see from these quotations
how complete was Hibbs' conception of the principles involved.

In September of the same year, Albee; reported three cases which he
had treated in June and July by the use of a tibial graft implanted in
the spinous processes. He stated: ". . . Previous to the herein reported
cases, five patients were operated on and three or four spinous processes
were split . . . and the tip of the lower half of the superior vertebra was
then brought into approximation with the tip of the superior half of the
next lower vertebra after green-stick fractures of each, and fastened with
heavy kangaroo tendon. Chips of bone from the spinous processes were
then placed in between so as to insure further bone union between these
vertebrae. This union has been satisfactory so far as can be ascertained,
but on account of its uncertainty and the large amount of cartilage in the
vertebrae of small children, with its slowness of union and early lack
of support, it has seemed best to devise a procedure which would be pos-
sibly more reliable and also give support from the beginning. These re-
quirements can be fulfilled in no other way except by a strong bone graft.
The different sources from which to secure a strong bone graft for an
internal splint, which would give imnmediate support to the spine, were
considered, and the crest of the tibia was selected as by far the most desir-
able and accessible."

Hibbs4' 4a operated upon 43 cases with tuberculosis of the spine in the
first year. These cases were reported in April, 19I2 (Fig. iB), and at this
time Hibbs mentioned an extension of the operative procedure, stating
that: "The space between the laiminae is bridged by elevating a small piece
of bone from the edge of the laiiina, and placing it transversely across, its
free end in contact with the laminia next below, with the gap between the
spinous processes filled by their transposition. This makes me doubt the
necessity for suturing the periosteutin as I think bone becomes continuous
and that a fusion takes place of the vertebrae operated upon." He empha-
sized here the complete subperiosteal dissection of the spinous processes
and laminae as far laterally as the bases of the transverse processes. He
further mentions suturing the periosteum of the spinous processes together
on each side to close the gap produced by the initerspinous ligament but
questions the necessity for this step. Farrell reported many additional
cases in January, I91$5
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In June, I9I7, Hibbs6 reported eight cases in which the spinal fusion was
used in scoliosis for the prevention of increasing deformity and improvement
in the stability of the spine. The first of these operations was performed in
1914. We note here the application of the suggestion made by Hibbs, in
i9ii, regarding the treatment of the lateral articulations: "The first thing
to be done is to curet the lateral articulations which lie at the base of the
transverse processes and are easily reached in children and in most adults."

In June, I9I8, Hibbs7 reported 210 cases of spinal tuberculosis treated
by the fusion operation, at which time he emphasized the use of special
gauze packings to prevent bleeding and secure a clear field. Also, he pointed
out that in the lumbar spine it was often desirable to split the spinous
processes, turning portions of it upward and other portions downward, inter-
digitating these fragments. Fifty-nine fusion operations for scoliosis were
reported7% in January, 1924, and the further development of the operation
described (Fig. iC). Thus we have the picture of the development of the
fusion to include not only the spinous processes, but the laminae and lateral
articulations, resulting in a solid mass of thick bone extending completely
across the posterior surface of the spinal column.

This early period should not be dismissed without mention of several
other attempts at internal fixation of the spine. Hadra,8 in I89I, had wired
together the spinous processes in treating fracture. Lange,9 in I902, had
begun to use steel rods sutured in the angles between the spinous processes
and the laminae, and subsequently he used celluloid cylinders in a similar
manner. Reporting his early work at the meeting of the American Ortho-
pedic Association in I9IO, he stated: "We must work for two things in
our treatment of these cases; first, we must put our braces under the skin,
and second, we must shorten the time for recovery for our patients." DeQuer-
vain and Hoessly,'0 in December, I9II, independently of a knowledge of
Albee's work, reported the use of the spine of the scapula as a free graft
into the split spinous processes. At the same time they reported an inter-
esting series of experiments on dogs. Gallie,'1 in I915, attempted arthrodesis
by use of prepared beef bone grafts.

Despite the several technics described, this early period was marked not
so much by study of the technic of spinal fusion, as by discussion as to
whether spinal fusion was justified at all. As the operation was usually
undertaken upon children, the possibility of interference with growth of
the spine had to be considered as well as that of production of deformity
by fusing only the posterior elements of the spine. Some orthopedists feared
that fusion would stop the growth entirely, while others said that the
vertebral bodies would continue to grow, while the fused posterior portion
of the spine would remain stationary. The latter course would have been
a desirable outcome in cases of tuberculosis as it would have caused the
correction of the kyphosis, but unfortunately this did not occur. It was
found, over a period of years, that growth of the spine continued at the
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lnormi-al rate after ftusioln, and(I that the trunk-leg ratio remiiainied the samiie in
these patienlts as in normiial inidividuals, allowin(g for the effect of tlle kvplbos.
No one knew whether the spinies of very younig childreni coul(d be fuisedl.
This doubt was prolbably due to failure to realize that the spiinous processes
aind laiiinlae are ossified, even in the inifanit, althouglh the lateral articula-
tions anid tips of the spinous processes are largely cartilagitnous. The young
spiies did ftuse, lhow-ever, anid a succ.essful fusioni was accomiiplished oni onie
inifant at the age of eleven miloniths, probably the youlngest ever attellmpte(l.
FusioIns were undertakenl also for patients past the age of 6o, again, with
Success.

The presenice of tubercuilosis in anid around the lamiiniae anid articular
processes )resenited alnother problem. The bone chips often failed to uniite
in the diseased area, anid at timiies w-ere eveni extrude,1. anld siniuses developed,
w-hiile the disease conttinued to advance. Furthermore, many of the patielnts
of that day, long sufferers, with miiarked (]kformities, had (leveloped amyloid
disease, clhronlic siniuses, spastic paralysis or comiiplicationis which produced
an unfavorable general or local situationi.

Many ortlhopedists feared that the traumiiatismii of operation would stir up
the disease anid result in its spread as miliarv tuberculosis or tuberculous
miieniingitis. It w-as founid, ho\-ever, that the incidence of these comiipli-
cations was far less durinig the miiontihs following operationl tllan it lhad been
in the patients treated without operatioln. Thle operative mliortality in tlle
frst 20 years of the operatiol was only 1.4 per cenlt, wlhereas I5 per cenit
of the patienits died of pre-existinig tuberculosis elsewlhere in the body.

MODIFICATIONS

The seconid period in the evolution of spinal fusioni may be clharacterized
as one of nmodification. Perlhaps the low mortality in cases described by
Hibbs led to the imiipressioni that the operation was so sinmple that it could
be learned tlhrough readinig its descriptioni, or merelv seeing it performed
once. Lack of familiarity with the operation or lack of skill in its per-
formance resulted in a high percenitage of failure in the hands of somiie
orthopedists, as a result of which the ol)eration itself was in some quarters
unqualifiedly condemniiied. AMany of those w-ho did not conldemniii or cease
to eml)loy the operatioin, souatlt to miiodifv it fol the sake of simplicity and
re(luction of the operative risk in their lhand(s. The portioni of the operationi
\vhich seemiied to give the miiost dlifficultv was the approach to and treatmilenlt
of the lateral articulations. Forbes,'2 in 1920, omittinig the inclusion of the
lateral articulationis in the fusion, split eaclh spinous process and lamina into
several fragmiienits instead of two or three as Hibbs lha(l been doinlg. Radu-
lesco,"' in 1921, reporte(d al imiodificatioln of the Albee procedure, in which
lhalf a ril), ith Iveriostetumii aittached, was uised inistead of a tibial graft.
Brown,14 and also Kleinberg,'5 in 1922, reporte(d the tise of beef bone grafts
aloncg with a partial ftusioni operationi. Thomias,1" in November, 1923, rel)orted
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the use of an osteoperiosteal araft anid wlhat lie described as "wafer chip)s."
Several operations extended the procedure beyond the posterior elemlelnts
of the spine. Led by MacClennan,7 whlo resected a portioni of the vetrebral
body for scoliosis, in I922, and Royle,18 who removed a henmivertebra in
1928, Ito19 inserted bone grafts inlto slots in the vertebral bodies alnd re-
ported a number of cases in 1934. Sclhede,"t0 in 1925, used a graft as a
prop between the iliuni alnd trailsverse processes and props have even been
used between the iliumii and the ribs.

AMost of these modifications were unllecessarv, aind sollle added all tin-
justifiable risk to the operationl. The sigliicanit tllillg is tilat tile spille was
beinig fused. It imlatters not so mucl hoNio a particular cliip is lai(l or froli

Ilieilce a particular fragment of bonie comiies, but as to wh-letlher fusioni is
obtaiined, how quickl, aild how strong.

.APPLICATION TO OTHER CONDITIONS

A furtlher developilenit imlarked this secoild period-tie application of tile
fusioll to other conditiolls tiala tuberculosis aild scoliosis. Hibbs,21 in 1922,
reported the use of tlhe fusion in 22 cases of "fracture-dislocation of tile
spille,' tile cases dating from I9I6. Thle first one of the series was an
unrecognizedi illstance of spondylolisthesis, anid represents the first applica-
tioli of the procedure to this anomaly. At least eight additional cases in
this group liad spolldylolisthesis, but there were also cases of conipression
fracture of tile spiile. The operatioi was also applied to the other lulIlbo-
sacral anonIalies,22 suci as tile acute lulIlbosacral angle, posterior displacemleilt
of the fifth lumbar vertebra, trailsitionlal lulllbosacral joints, and deformiiities
of tlhe lateral articulatiolls. The first lumtbtosacral fusion for a mllechlallical
coilditioll was performiied ill October, I914. It has also beell employed ill
cases of round back, llemivertebra,23 with or witlhout partial resectioll, osteo-
l-elitis,94 occasionlallv in localized osteo-arthritis of traullatic origin, aildi,

rarely, in other coilditiolls. WVe have beeni doing tile fusion in conjunction
witi remnoval of tile ruptured Ilucleus pulpostus sillce 'November, 1937.

OPERATIVE TECIHNIC

Ilhe l)rillciple of the Hibl)s operationi lias reillailled tile saille, btut thlere
have beell several useful illilior lllo(lificatiolls. Hibbs devised a rasp wIlicli
was driven into the lateral articulation for tile purpose of scraping ouit tile
articular cartilage. It was found that eveni tile rasp aild curet usually
did not effectively bare the articular surfaces. At the presenit timiie tile
articular cartilage wvith a little of the ull(lerlyillg cortical onlle is reilloved
witi a straigit osteotollie or oJIe especially aiinled for tile purpose. Usuially,
tile spilllols process is removed aIld ctut illto long tiliin fragmiieilts wil-icli are
eventually laid across tile illterlalllillal spaces. If tllere is inot stufficiellt bone
at the site, as in some cases of spondylolisthesis or spina bifida, additiollal
bonie miiay be sectured by rellilovilg neigilborinig spmilOtls processes, or frouli tile
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region of the posterior superior iliac spine. The present procedure is, in
general, as follows: A midline incision is made through the skin and sub-
cutaneous tissue, and skin towels are applied with Michel clips. The deep
fascia and supraspinous ligament are incised, and, with a Kermison elevator,
the ligament is stripped from the tip of the spinous processes. The inter-
spinous ligaments are incised longitudinally. The periosteum is carefully

F

FIG. 2.-Technic of Spinal Fusion: A. Elevation of periosteum from spinous processes anid
laminae with Kermison and sharp, curved elevators. B. Completion of subperiosteal dissection and
stripping of posterior capsules with "chisel" elevator. C. Dissection of interspinous ligament and
posterior two-thirds of ligamentum flavum with curets, baring margins of the laminae and spinous
processes. D. Excision of articular cartilage and sub'acent cortical bone with straight or angled
osteotome. E. Gouging of chips, into articular gap, subjacent fossae, and interlaminal spaces. The
operation is completed by turning or placing the fragments from the spinous processes longitudinally
from lamina to lamina. F. Removal of spinous processes. (This step is done in various ways and
at various periods by different operators.)

stripped with sharp periosteal elevators f romi- the spinous processes and
laminae, far enough laterally to completely expose the lateral articulations
(Fig. 2, A to F). This exposure is sharply limited, however, as there are
usually blood vessels just beyond the lateral articulations which may be trou-
blesome if opened. Further dissection may often be simplified by removal of
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A B

FIG. 3.-Specimens showing successive stages of the spinal fusion
operation. A. Thoracic Spine: Subperiosteal dissection of spinous processes
and laminae; excision of interspinous ligaments and ligamentum flavum;
excision of posterior articular capsules; excision of articular cartilage;
insertion of bare chips in articular gap; chips turned across interlaminal
spaces from laminae and spinous processes. B. Lumbar Spine: The same,

- showing also the spinous processes cut into several fragments and placed
across the lumbosacral joint, on the right.

the spinous processes at this stage. An assistant can be detailed to cut them
into proper fragments or they may be split longitudinally before their removal.
Next, the ligamentum flavum is largely removed, leaving only a thin anterior
layer. This may be done very simply with a sharp curet by cutting its at-
tachment to the superior margin of the distal lamina, then cutting it from
the inferior margin of the proximal lamina, which overhangs it, and peeling
it away from its most anterior layer. It is quite important to carefully
remove all the ligament from the little fossa subjacent to each lateral articu-
lation. The articulation is then denuded of cartilage and cortical bone with
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osteotome and curet, witlh particular care to include all of the articular sturface
in the cup-shaped or oblique articulatiolns, but to avoid penetration of the
inistrumilenits or fragmiienits of cartilage inlto the intervertebral foramlleni. A
smiall fragmllenit of bone is turied til)pwitlh a gouige ain(l jammiiie(l inito the gap
between the articular processes, and the whlole fossa is bared of cortical bone
by gouging up successive small chips whiclh are locked together to form a
simiall compact mass filling the fossa. Some operators prefer simply to insert
a fragment of bone from the spinous process into the interarticular gap and
do( not thoroughly denude the articular cartilage or the fossa, wllich Nve
consider the most crucial point in the fusioni. Next, chips are cut witlh thle
gouge from the laminae and turned across the interlaminal spaces, inter-
digitating, and left attached at their bases as much as possible. Tllen thie
longer fragments from the spinotis processes are laid longitudinally across
the interlaminial space (Fig. 3 A and B). If the chips are simply dumped in
like jackstraws, to lie in anly directioln anid any location, the clhances of
pseudarthrosis are greatly increase(l. The careful placement of these chips
is of greatest importance.

Finally, closure is made carefully and in aniatomic layers. The periostetum
anid muscles are snugly sutured over the chips so as to obliterate any poten-
tial dead space, which might permiiit a large lhemiiatomiia and allow displacement
of the clhips. The interspinous and(l supraspinious ligaments are then sutured,
and finally the fascia anid subcutaneous tissue, and the skin.

POSTOPERATIVE CARE

The postoperative care depends somewhat upon the condition for whiclh
the operation is undertaken. The general care of the patient is important,
including adequate calciumi and phosphorus, vitamins, and transfusions or
iron if anemia is present. The chief feature of postoperative care is proper
immobilization of the spine by bed rest and a brace or plaster jacket until
the fusion has become sufficiently strong to support the weight of tlle trunk,
anl(l ordinary body movemenits. The patient is placed on a bed with a firm
miiattress and fracture board. Those with scoliosis are operated upoln through
a fenestrated plaster jacket, and the jacket is then reilnforced. Other cases
lhave a Taylor brace applied. Turning by the nurse is permitted, on the
side, prone or supine, usually on a four-hour schedule. The patienit is
turned in such a way as to move the trunk en miiasse. Patients with a simple
lumbosacral anomaly or compression fracture are kept in bed for about six
weeks and wear the brace for a total of four months. Patients with spoildylo-
listhesis, scoliosis, or tuberculosis remain in bed about 12 weeks. Those
with scoliosis wear a jacket for an additional three to six months, while
the others wear a brace for a somewhat shorter period. These patients
retuirn to their regular activities withlinl three monitlhs to one year following
operation', (lepend(inig uiponl the originial conidition, the progress of the fusion,
ani(l the clharacter of the patient's activities.
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COMPLICATIONS

It is to l)e expected that there wvill l)e an occasional failuire of fusioi,
jtust as there are failures of UllioIn in the treatmilenlt of fractures, in osteo-
tomies, and in bonie grafts. How-ever, these failtures should he minimilal and
it should be realized and admitted that if they represent any appreciable
percentage of the total number of cases, they must be ascribed to the technic
of the operation and the postoperative immllobilization. For examiiple, during
the five years 1931 to 1935, inclusive, miore than 6oo spinal fusionis were
done for all causes at the New York Orthopaedic Hospital. These ol)era-
tioIns were performed by the House Staff, Fellows, al( Attendinig Surgeons.
One or mlore psuedo-artlhroses occurred in 14 per cent of the cases. nealy-
all of whiclh were subsequently repaired. The largest number of failures,
i8 per cent, was founid in the group of spondylolistlheses, while the lumbo-
sacral fusions failed in only eight per cent, and in the fracture cases-none.
It has been repeatedly demiionstrated by cliniical examiniationi anid roentgenio-
grams, by subsequent operations, anid occasionially by necropsv, that fusion
canl be accomlplislhed in a large percentage of cases. It is futile, at the present
timiie, to ascribe failures to the patient's "refusal to grow bone," or to the
clharacter of the operation. The operative miortality in more tlhan 3,00
fusions at the New York Orthopaedic Hospital durinig the period I9I I
tlhrouglh 1937 has been o.6 per cent, whereas there has been no (leath froml
the operation since MIarch, 1935. Thus, it is seen that the operation nieedl
not carry an appreciable risk to the life of the patient.

INDICATIONS
The indicationis for the operation miay be summarized as follows, assulmi-

ing a surgeon capable of properly performuing the operation and an inlsti-
tution suitable for the care of the patient:

i. Tuberculosis: The treatment of choice at all ages, unless comlplete
spoiltanieous natural fusion can l)e demiionstrated, or the general condition
of the patient or complicationis preclude the operation.

2. Scoliosis: In children with rapidly progressive deformiity, or (lefornlitv
with decompenisationi wlichl can be correcte(l stufficiently to warrant fixation
in adults, occasionally for relief of pain.

3. Spondylolistlhesis: All cases in tile lowter lumbar regioln uiniless conitra-
il(dicated by age or the gelleral coniditioni of tile patiellt.

4. Other lumbosacral alloillalies: Pain of lonlg dtiratioll, of mioderate or
areat intensity, frankly dtue to the aniomiialv and(l unrelieved by other
treatment.

5. Rupture of nutcleus ptilpostus: Aany of these joilits are uniistable pri-
mlarily, and slhouild be fuise(d upon remioval of the nilucleus, preferably without
lailillectonmy.

6. Comipressioni fractuire of tile spinie an(l soiile (lislocations: As a lneaiis
of mailntaiinillg redtuctioni, hiasteninig convalescence, aiid( preventing pain.
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7. With laminectomy: When indicated with a coincident orthopedic con-
dition, or an extensive procedure.

8. Special indications in certain other conditions.

CONCLUSIONS
The effects of the operation should be clearly understood. A fusion

may hasten and assure healing of tuberculosis and perhaps sometimes other
infections, by completely immobilizing the diseased section of the spine.
Progressive deformity due to tuberculosis, scoliosis, and spondylolisthesis
may be prevented. The establishment of fusion for this purpose in cases
of round back or hemivertebrae is open to question. In scoliosis and frac-
ture, fusion may be the best or only means of maintaining correction of
deformity. We do not attempt, and advise against, attempting to correct
the deformity in tuberculosis. Fusion may be used for the relief of pain in
the lumbosacral anomalies as well as all of the conditions just named. In
many cases it may not only aid in the cure of the disease, the arrest or
correction of deformity, and the relief of pain, but may be the quickest and
most economical method of relief, in this way offering a financial advantage
to both patient, hospital, and community. Thus, we see that spinal fusion
has evolved during the past 30 years from a "radical" procedure in the
treatment of tuberculosis, to a well established operation employed for a
number of abnormalities of the spine. It is not a panacea, but in properly
selected cases, and in skilled hands, fusion offers little risk and the possi-
bility of great benefit to a large number of patients.
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