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INTRODUCTION. PURPOSE OF THE INVESTIGATION

Seoliosis has been a frequent subject of orthopaedic research and a large
number of articles have been written on it. Clear progress in the opera-
tive treatment of scoliosis has been made during the last few decades,
particularly since the introduction of the Harrington method (1962). How-
ever, our knowledge of the pathogenesis and the etiology of idiopathic
scoliosis is still deficient.

Experiments performed by Langenskiéld and Michelsson (1962) showed
that transection of costotransverse ligaments or the posterior parts of
intercostal muscles in a growing rabbit immediately results in a func-
tional scoliosis which is sometimes followed by progressive structural
scoliosis. The pathogenetic chain of the phenomenon has not been fully
understood. However, experiments performed on the foot of a rabbit by
Ritsild (1969) gave the idea that if a functional scoliosis is present for a
period of weeks, »myostatic contracture» and permanent growth distur-
bance of muscles may occur on the concave side of the scoliotic spine.

Thus, the working hypothesis of this investigation was that if the spine
of a growing rabbit is kept in a scoliotic position in plasier for some
weeks, growth disturbance of muscles on the concave side of the spine
must occur and result in a progressive scoliosis.

The purpose of this study has been to investigate:

1. the possibility of provoking progressive structural scoliosis resembling
‘human idiopathic scoliosis in young rabbits by a method implying
maintenance of functional scoliosis without operative trauma.

2. the reaction of an experimentally provoked scoliotic curve when the
soft tissue contracture is released by operation.

3. the anatomical changes in the muscles and other tissues in the vicinity
of the curved part of the spine made scoliotic by the method used.

A preliminary report on this study was presented at the meeting of
the Finnish Orthopaedic Association (Hakkarainen & Langenskiold, 1971)
and at the meeting of the Scandinavian Orthopaedic Association in Hel-
sinki, 1972 (Hakkarainen 1973).



REVIEW OF THE LITERATURE

I Classification and Epidemiology of Human Scoliosis

Clinically, scoliosis is classified into functional and structural scolioses
(Lovett 1891, Arkin 1949). The incidence of structural scoliosis is 1 to 2
per cent of the adult population (Kane & Moe 1970, Keim 1976, Nachem-
son 1976, Kane 1977) and it is more common in adolescent girls than in
boys (Shands & Eisberg 1955, Wynne-Davies 1968) and also more common
among white than black (Shands & Eisberg 1955).

Scoliosis was previously classified on the basis of etiology and patho-
genesis, into myopathic, osteopathic, neuropathic and idiopathic forms
(Cobb 1948). In the classification recommended by the Terminology Com-
mittee of the Scoliosis Research Society in 1966 scoliosis is separated into
idiopathic, neuromuscular and congenital scoliosis (Goldstein & Waugh
1973, Waugh & Riseborough 1977). The group idiopathic scoliosis com-
prises 80 to 85 per cent of all cases of scoliosis (Osmond-Clarke 1950,
Wynne-Davies 1968, Kane & Moe 1970, Keim 1976, Nachemson 1976).
According 1o age of recognition in years idiopathic scoliosis is divided into
infantile (under 4 years), juvenile (from 4 years to the beginning of
puberty), and adolescent forms (beginning from puberty) (Wynne-Davies
1968, James 1970b). The adolescent type is the most common.

II Etiology of Idiopathic Scoliosis

Scoliosis with no known cause is referred to as idiopathic.

Many hypotheses have been published concerning $he etiology and the
pathogenesis of idiopathic scoliosis. The main theories have been:

— The primary skeletal hypothesis according to which the growth
disturbance is in the epiphyseal plates of the vertebrae, in the neurocen-
tral epiphysis or in the nucleus pulposus (Haas 1939, Bisgard & Mussel-
man 1940, Arkin & Simon 1950, Nachlas & Borden 1950, Somerville 1952,
Farkas 1954, Ponseti & Shepard 1954, Arkin & Katz 1956, Roaf 1958, Stil-
well 1962, Ottander 1963, Karaharju 1967, James 1970b, Willner 1972).

— The neuromuscular hypothesis where the cause of scoliosis is sup-
posed to be the muscular imbalance of different reasons (Arkin 1949,
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Risser 1957, Gruca 1958, Roaf 1958, Liszka 1961, Liangenskidld & Michels-
son 1961 and 1962, Lindahl & Reader 1962, Zuck 1962, Michelsson 1965,
Bouillet & Vincent 1967, Badger 1969, Butterworth & James 1969, Yamada
et al., 1969 and 1971, James 1970b, Langenskisld 1971, Hirano 1972, Schultz
et al. 1972, Keim 1976).

— The metabolic hypothesis according to which scoliotic growth is
supposed to be due to different disturbances in protein metabolism
(Ponseti & Baird 1952, Ponseti & Shepard 1954, Stearns et al. 1955, Ponseti
1957, 1959 and 1968, Schénenberger et al. 1961, Benson 1965, Kyselka 1965,
Smith 1968, Zorab 1968, Badger 1969, Zorab et al. 1971, Hoppenfeldt &
Spiro 1973, Nordwall 1973, Bradford et al. 1977).

— The heredity hypothesis where the inheritance is supposed to be
dominant and sex-linked but with an incomplete penetrance (Wynne-
Davies 1968, Mac Ewen & Cowell 1970, James 1970a, Cowell et al. 1972,
Keim 1976).

Good reviews of the modern concepts of the etiology of idiopathic
scoliosis have been presented by Harrington (1977), by Wiaugh and Rise-
borough (1977) and by Moe et al. {1978). Waugh and Riseborough write:
»Many theories of pathogenesis exist, but the mechanism of production
of the spinal curvature remains unclears».

III Experimental Methods to Provoke Scoliosis

A great number of methods to provoke experimental scoliosis have been
presented in the literature. Most of them are operative and the general
principle in all of them is either to disturb the longitudinal growth of the
vertebrae unilaterally (Frey 1922, Engel & Richer 1939, Haas 1939,
Arkin & Simon 1950, Nachlas & Borden 1950, Somerville 1952, Moser 1957,
Ottander 1963, Badger 1969) or to cause muscular imbalance in the vicin- -
ity of the spine (Plageman 1926, Pusch 1926, Schwartzmann & Miles 1945,
Miles 1947).

Scoliosis was provoked in rabbits and pigs by unilateral resection of
the posterior parts of the ribs (Langenskiold & Michelsson 1961, Michels-
son 1965, Karaharju 1967, Snellman 1973). In monkeys scoliosis was simi-
larly provoked after resection of two ribs (Plageman 1926).

The division of intercostal merves provoked scoliosis, the convexity
developing on the side of the severed nerves (Bisgard 1935, Miles 1947,
Langenskiold & Michelsson 1961, Liszka 1961).

Langenskiéld and Michelsson (1962) provoked scoliosis in rabbits by
several different operations, all of which were directed to the proximity
of the spine. Unilateral resection of several costotransverse ligaments
caused scoliosis in some experiments but the effect of this procedure was
often prevented by scar formation. They also showed that previously
produced scoliotic spines in rabbits and pigs can be made to correct by



8

section of the costotransverse ligaments and parts of the intercostal mus-
cles on the concave side.

In 1902 Wullstein published a non-invasive method to provoke scoliosis.
He immobilized dogs of 7 to 13 months in a scoliotic or kyphotic position
for several months using strips of leather and succeeded in provoking
scoliosis in two dogs and kyphosis in two others. The scoliosis thus pro-
voked was slight, the whole spine forming a mild curve wherein no pri-
mary or secondary curve could be distinguished. The dogs were killed
immediately after the immobilization period so that the possibility of
later progression or regression remained unknown. Wullstein in a post-
mortem analysis described the muscles on the concave side of the experi-
mentally produced scoliotic spine as being shortened and hypertrophic.
Subsequently Boom tried to repeat Wullstein’s experiments but did not
succeed in provoking scoliosis (Miiller 1928).

Miiller (1926, 1928) was able to provoke scoliosis in rats involving the
entire spine, by maintaining them in a scoliotic position with the help of
their tails, for several weeks.

In a related experiment Matsuoka (1904) provoked kyphosis in rabbits’
tails, which are normally lordotic, by binding the tip of the tail ventrally
at its base. Two weeks’ immobilization was enough to provoke kyphosis.

In 1969 Bobechko demonstrated that experimental scoliosis can be pro-
voked by electrical stimulation of the paraspinal muscles {quoted by
Keim 1976).

IV Normal and Scoliotic Growth of the Vertebra

The spinal column of animals as well as the human spine has embryologi-
cally a mesenchymal origin (Keim 1976). The vertebral body of the rabbit
and that of other quadrupeds grows in length by means of the plates of
epiphyseal cartilage on the cranial and caudal surfaces (Bisgard 1935,
Haas 1939, Bisgard-Musselman 1940). The rate of growth is about the
same both in the cranial and in the caudal epiphyseal plate (Bisgard 1935,
Moser 1957). Both the body and the lamina of the vertebra grow in width
by apposition of bone from the periosteum. The vertebral body and the
arch are joined together by the so-called neurocentral epiphysis in which
growth occurs towards both the body and the arch (Pacher 1939, Knuts-
son 1961 and 1966). The physiological loading between the vertebral
bodies caused by the muscles and the ligaments stimulates the growth in
length of the epiphyseal plates of the vertebral body (Pusch 1926, Nachlas
& Borden 1950, Arkin & Katz 1956). The effect of the distraction is less
than the effect of the compression (Smith 1962, Stilwell 1962).

The pathological changes of the growth of the vertebrae in experi-
mental scoliosis provoked by different operations have been extensively
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studied by Langenskiold and Michelsson (1972), Michelsson (1965) and
Karaharju (1967). These authors showed that when progressive scoliosis
occurred in their experiments all processes of growth in the wvertebra
were affected. The growth in length of the vertebral body was diminished
on the concave side of the scoliotic curve. The growth in the neurocentral
junction on the convex side slowed down and this junction closed before
that on the concave side. The process of apposition and resorption at the
surface of the vertebra changed and increased apposition on the concave
side, and increased resorption on the convex side was shown to counter-
act progression of the scoliotic curve.

V »Mpyostatic Contracture»

In 1886 Moll demonstrated that immobilization of a skeletal muscle for
a long time caused shortening of that muscle. If the immobilization period
was short enough, the contracture could be corrected by either active or
passive mobilization. A longer immobilization period, however, caused an
irreversible contracture. In 1920 Fréhlich and Mayer demonstrated that
this phenomenon was observed only if the innervation of the muscle was
intact, and that the development of the contracture could be prevented
by resecting the corresponding dorsal nerve roots. They also showed that
an established contracture cannot be overcome by either deep anaesthesia
or resection of the motor nerve. They also provoked similar contractures
by cutting the tendon of a muscle. Ranson and Sams (1928) divided mus-
cular contractures into hypertonic and myostatic types and found no
histological changes in the myostatic contracture. In these contractures
both the whole muscle and the single muscular fibres were shortened, and
the weight of the muscle had decreased. By kymography, the contracti-
lity of the muscle was proved to have decreased. Davenport et al. (1929)
studied the histology of the myostatic contracture in the gastrocnemius
and soleus muscles of the rat. They found that the amount of connective
tissue does not increase and only slight changes occur in the muscular
fibres during the development of the contracture. Histologically striations
become indistinct, their orderly arrangement is lost, and in a small num-
ber of muscular fibres some degeneration takes place. Davenport and
Ranson (1930) defined a myostatic contracture as a situation where the
muscle is permanently shortened. This may be caused by immobilizing
a normally innervated muscle for a long time in a position shorter than
its normal rest position.

By immobilizing the legs of a rabbit Thompson (1934) found a decrease
in the weight of the muscles and histologically a decrease in the number
of muscular fibres and an increase in fibrosis. When Summers and Hines
(1951) immobilized the soleus and gastrocnemius muscles of a cat in a
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lengthened, normal, or shortened position, they noted that muscular
atrophy developed in each position but immobilization in a shortened
position caused the severest atrophy. Experiments in guinea pigs carried
out by Ralston et al. (1952) showed a 5 to 28 per cent decrease in the
weight of the muscles when immobilized in a shortened position. His
results of the immobilization in a lengthened position were contradictory
showing either decrease or increase in the weight of the muscles. Fergu-
son et al. (1957) found that in aduli rabbits the gastrocnemius and the
tibialis anterior muscles reacted dissimilarly in spite of the immobiliza-
tion position. The tibtalis anterior muscle seemed to develop hypertrophy
when immobilized in a shortened position whereas atrophy seemed to be
the prevailing change in the gastrocnemius. They also found an increase
in sarcolemma in atrophied muscles while other histological changes were
few. By using a mathematical model Knowlton and Hines (1936) proposed
that the susceptibility to the myostatic contracture increases with the
increase in the growth rate of the animal.

Eccles (1944) proved that muscular atrophy caused by tenotomy could
be partially prevented if the muscles were stimulated electrically. This
effect, however, was less significant if the muscle was immobilized in a
shortened position.

The electromyographic results obtained by Eisenhauer and Key (1945)
showed up to a 90-per-cent decrease in the contractile power of a cat’s
muscle if the muscle was immobilized in a shortened position for 6 to 8
weeks. This loss of power was partially regained during the follow-up
of a month. However, their results were inconsistent.

Ritsila (1969) provoked foot deformities in new-born rabbits by didf-
ferent methods of immobilization and found changes resembling myostatic
contracture in the medial muscles of the leg.

According to Davenport and Ranson (1930) myostatic contracture is
»a condition of permanent shortening in a resting muscle which is main-
tained in the entire absence of nerve impulses, the muscle having ac-
quired, usually as a result of prolonged immobility, a new and shorter
resting length». It was found by Alder et al. (1958, 1959) that the con-
tracture following immobilization in a shortened state of muscles in a
growing animal is even more marked than in adults because of inhibited
muscle growth. Crawford (1972, 1973) concluded that everything that
restricts the movements of muscles, even allowing partial movements,
inhibits the longitudinal growth of a muscle.

Myostatic contracture can easily be provoked experimentally and can
be macroscopically defined. However, definite microscopic or chemical
changes in a muscle permanently shortened after immobilization in a
shortened state have not been found. Ferguson et al. wrote in 1957: »Dis-
agreement as to the presence or absence of histological changes runs
throughout the literature on disuse atrophy and myostatic contracture».



MATERIAL AND METHODS

I Experimental Animals

The present study is based on experiments conducted on 473 growing
rabbits. Fifty-three rabbits were used in planning the immobilization
techniques, 20 rabbits served as a normal control group, and 147 rabbits
died during the immobilization period. The material thus consists of 253
rabbits, grouped according to the age of the animal at the beginning of
immobilization and the period of immobilization (Fig. 1). The age at the
beginning of immobilization was 2 weeks in 94 rabbits, 3 weeks in 101
rabbits, and 5 weeks in 58 rabbits. Later in the study these groups are
referred to as 2/2, 2/3...3/4 etc., where the first figure denotes the age
of the animal in weeks at the beginning of immobilization and the second
figure the immobilization period in weeks.

NUMBER
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40
30

20 OPERATED

B UNOPERATED

10

IMMOBILIZATION
PERIOD IN WEEKS

2 3 5 AGE IN WEEKS AT THE
BEGINNING OF iMMOBILIZATION

Fig. 1. Diagram showing the material of 253 rabbits divided into groups according
to the age at the beginning of immobilization and the length of the period of
immobilization.
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II Technique

A. I'mmobilization technique

The animals were immobilized in a scoliotic position by using a three-point
plaster-of-Paris corset padded with a thin layer of foam rubber as shown
in Fig. 2. The corset was applied around the thoracic cage and molded
manually to form a thoracic scoliosis with the concavity on the right side.
A plaster shoulder strap was applied in order to prevent the cast from
slipping.

The immobilization period ranged from 2 to 5 weeks as shown in Fig. 1.
The plaster cast was changed weekly to allow the unhindered growth of
the animal without changing the scoliosis.

B. Operative technique

Section of soft tissue structures was performed on 70 scoliotic experi-
mental animals chosen at random. The scoliosis was radiologically veri-

Fig. 2. Method of immobilizing the thoracic spine of a rabbit in a scoliotic position
using a three-point plaster-of-Paris cast.
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Fig. 3. Ligaments connecting the ribs and the spine in man (from Spalteholz). In
animal exrperiments the corresponding intertransverse and anterior and posterior
costotransverse ligaments and the dorsal parts of the intercostal muscles were
removed from 2—4 intercostal spaces on the concave side.

fied a week before operation. The operation was performed using the
same method as Langenskiold and Michelsson (1962). The operation was
always performed on the primary curve. The operative area was localized
by x-ray. The operation was performed under local anaesthesia (0.25 per
cent Xylocain-Exadrin®, Astra).

The spine was exposed through a dorsal midline skin incision, by
releasing the muscles from the spinous processes and the laminae on the
concave side. Following the exposure a 1.5 cm broad dorsal part of the
intercostal muscles and the corresponding costotransverse ligaments were
removed at 2—4 levels (Fig. 3). To prevent scar tissue formation and
regeneration of the muscle the intercostal spaces were filled with free
fat tissue transplants taken from the interscapular space of the rabbit
(Lexer 1919, Langenskisld & Michelsson 1960, Osterman 1972, Kiviluoto
1976, Langenskitld & Kiviluoto 1976). Sulphonamide powder was used
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locally and no systemic antibiotics were used. The wound was closed in
layers with continuous catgut sutures.

Two rabbits died on the day of the operation, 3 on the first postopera-
tive day, and 2 more rabbits died during the first postoperative week.

C. Radiological technique and measurements

The development and course of scoliosis were followed roentgenologically.
X-ray pictures were taken in the anteroposterior projection with the
animal in a supine position and in the lateral projection with the rabbit
lying on its left side. During the exposure the rabbit was placed under
light traction. Radiographs in the antero-posterior and lateral projections
were taken at the end of the immobilization period, immediately before
operation, and after killing the animals. In addition, AP x-rays were
taken at weekly intervals during the first month following immobiliza-
tion or operation, and subsequently at monthly intervals. No x-ray
pictures were taken during the immobilization period because the plaster
precluded adequate radiographs. The focus distance was 90 cm and the
film was Ilford Ilflex for the non-screen technique.

The magnitude of the scoliosis was measured with Cobb’s (1948)
method. In the cases where radiographs were taken in the antero-posterior
and lateral projections the measurements were performed also by using
the Edholm (1967) measuring disc as suggested by Lindahl & Movin (1968).
This method did not, however, give any additional information when
compared to the Cobb method. Because two parallel methods would have
complicated the statistical analysis the method was given up in spite of
the fact that radiographs had been taken of the whole material. The
course of the scoliosis of each experimental animal was described by a
diagram (Figs. 6, 7, 8) and the scolioses were classified according to these
diagrams into five classes (Table 1 page 17).

D. Statistical analysis

The age of the experimental animal, the length of the immobilization
period and the measurements of scoliosis were recorded on punch cards.
The data were handled according to normal statistical methods in auto-
matic data processing at the Computing Centre of the University of
Helsinki.

E. Section of specimens

The spine and thoracic cage were dissected so that the muscles remained
undisturbed in place. Samples for histological study were taken from 35
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Fig. 4. Method of mea-
suring the length of in-
tercostal muscles on the
concave side of the sco-
liotic curve using an ocu-
lar micrometer. a = the
length of the dorsal part
of the intercostal muscle
(Rabbit No. 362).

unoperated and 19 operated animals and from 7 normal controls. The
sample consisted of the area including the spinal curve and the dorsal
ends of the ribs, together with the muscles. The samples were fixed in
neutral formalin, decalcified in 10 per cent ethylene diamine tetra-acetic
acid (EDTA), embedded in paraffin wax, and sectioned in several planes
in order to localize the intercostal muscles and ligaments on the concave
side. The sections were stained with haematoxylin van Gieson and
examined under a light microscope (up to 400 x). Attempts were made to
investigate the possible presence of shortening of intercostal muscles on
the concave side of the curved part of the spine. The length of the dorsal
intercostal muscles of the scoliotic spines was measured using an ocular
micrometer (Fig. 4).



RESULTS

I Development, Course and Classification of Scoliosis

The material consisted of 253 rabbits in which the thoracic spine was
immobilized in a scoliotic position.
Fig. b gives a graphic representation of the material following the
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i - —= STANDARD DEVIATION
253
NUMBER

Fig. 5. Graphic representation of the total material after the immobilization
period, showing the average course of scoliosis, its standard deviation, and the
decrease in the number of animals. On the x-axis time in weeks after immobi-
lization period.
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Develo.pment of Clqs‘s o.f Numb.er of Per cent
scoliosis scoliosis (CS) experiments
No scoliosis 0 38 15
Resolving
scoliosis 1 58 23 ﬁ
Constant
scoliosis 2 52 20 -/
. 52 — 85
Progressive ]
scoliosis 3 80 32
Indistinct
scoliosis 4 25 0 —
TOTAL 253 100

Table 1. Development of scoliosis and division of the material into different
classes of scoliosis.

immobilization period. The cases in which no scoliosis was provoked
were also included as well as the operated animals from the end of the
immobilization period up to the time of operation. The average scoliosis
was 30 degrees at the end of the immobilization period.

The scoliotic deformities were divided into 5 classes (CS) according to
their course as shown in Table 1. Indistinct scoliosis was considered to
be present when the course of scoliosis could not be evaluated, for one
reason or another, e.g. early death of the animal. The average initial
scoliosis in groups CS; was 50.5 degrees, whereas it was 48.5 degrees in
groups CS; 36.0 degrees in CS, and 13.5 degrees in CS,;. Scoliosis
appeared in 215 cases, i.e. 85 per cent in all. Constant or progressive
scoliosis was found in 132 rabbits, i.e. in 52 per cent. In 38 animals (15
per cent) no scoliosis was seen (Table 1).

Figures 6, 7, and 8 present examples of resolving, constant and pro-
gressive scoliosis.

The data concerning the different groups of scoliosis are shown in
Figs. 9—11 where the average course of scoliosis, its standard deviation,
and the numerical distribution of the material are presented. It should
be noted that no single diagram alone gives a complete picture of the
whole group but the overall impression of the diagrams must be
considered.

2]
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Fig. 6. Example of resolving scoliosis. Age at the beginning of itmmobilization 3
weeks, immobilization period 3 weeks. Radiograph (a): scoliosis of 18° at the end
of tmmobilization period, (b): final result: mo scoliosis, (¢): curve showing the
course of scoliotic deformity, (Rabbit No. 384).
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Fig. 7. Example of constant scoliosis. Age at the beginning of immobilization 5
weeks, immobilization period 5 weeks. Radiograph (a): scoliosis of 30° at the
end of the immobilization period, (b): final result: scoliosis of 33°, (c): curve
showing the course of scoliotic deformity, (Rabbit No. 256).
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Fig. 8. Example of progressive scoliosis. Age at the beginning of immobilization
3 weeks, immobilization period 5 weeks. Radiographs (a) and (b): scoliosis of
39° at the end of the immobilization period, (c): 62° four weeks later, (d) and
(e): final result 113°. Note a considerable kyphosis and pectus excavatum defor-
mity in (e). (f): curve showing the course of scoliotic deformity, (Rabbit No. 129).
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Fig. 9 a, b, ¢, d. Graphic representation of the course of average scoliosis after
immobilization period in groups 2/2, 2/3, 2/4, 2/5 (see the text on p. 23). The X-
axis shows time in weeks after immobilization period.
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Group 2/2 (Fig. 9 a)

The group consisted of 19 rabbits immobilized at the age of 2 weeks for
2 weeks. The average initial scoliosis was 20 degrees, which is 10 degrees
less than the average of the whole material (Fig. 5). The average scoliosis
decreased slowly. The standard deviation was initially 22 degrees, thus a
considerable number of the rabbits had a mild scoliosis. Scoliosis was no
longer found in 40 per cent of the animals observed for 12 weeks or
more.

Group 2/3 (Fig. 9b)

The group consisted of 49 rabbits immobilized at the age of 2 weeks for
3 weeks. 21 rabbits from this group were chosen for operation. The
average initial scoliosis was about 30 degrees, which is the same as that
of the whole material. Up to two weeks scoliosis progressed gradually
but after that decreased. Twelve weeks after immobilization 19 per cent
of the group were alive with no scoliosis any longer. During the first 4
weeks the standard deviation increased but then decreased.

Group 2/4 (Fig. 9¢)

The group consisted of 17 rabbits, immobilized at the age of 2 weeks for
4 weeks. The average initial scoliosis was about 40 degrees, which is
about 10 degrees higher than that of the whole material. Between 2 to
16 weeks the average scoliosis increased sharply and the standard devia-
tion followed the course of the average scoliosis up to 8 weeks after
which it decreased abruptly and decreased to the 0-axis at the time of 16
weeks.

Group 2/5 (Fig. 94)

The group consisted of 9 rabbits, immobilized at the age of 2 weeks for
5 weeks. 7 rabbits died during ithe course of 8 weeks. The average initial
scoliosis was 53 degrees, remaining stable up to 8 weeks, after which a
slight progression took place. After 24 weeks only one severe case re-
mained. This group consisted of 3.5 per cent of the whole material. The
number of animals in this group was too small for statistical comparison. -
However, the homogeneity of the group makes it comparable with other
groups.
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Group 3/2 (Fig. 10 a)

The group consisted of 5 rabbits, 3 rabbits after 2 weeks and only one
rabbit after 8 weeks. The rabbits were immobilized at the age of 3 weeks
for 2 weeks. The average initial scoliosis was 47 degrees. During the first
week some straightening could be found on average scoliosis and after
that a marked progression took place. The standard deviation curve
is low throughout, which means that the whole group had progressive
scoliosis. The number of animals in this group was too small for statistical
comparison. However, the homogeneity of the group makes it comparable
with other groups.

Group 3/3 (Fig. 10 b)

The group consisted of 62 rabbits immobilized at the age of 3 weeks for
3 weeks. 31 animals from this group were chosen for operation. The
average initial scoliosis was 9 degrees higher than that of the total material
and remained the same up to 8 weeks, after which the course of scoliosis
was corrective. The standard deviation follows the average scoliosis
diagram to a large extent. The increase seen in the standard deviation
diagram from 3 to 8 weeks indicates that the group consisted of a con-
siderable number of cases with progressive scoliosis.

Group 3/4 (Fig. 10c¢)

The' group consisted of 18 rabbits immobilized at the age of 3 weeks for
4 weeks. The average initial scoliosis was a few degrees higher than
that of the total material and the average scoliosis as a whole is
slightly decreased with occasional periods of progression. The standard
deviation follows the average scoliosis diagram closely.

Group 3/5 (Fig. 10d)

The group consisted of 16 rabbits immobilized at the age of 3 weeks for
5 weeks. The average initial scoliosis was about 13 degrees higher than
that of the total material and the average scoliosis was clearly increasing.
The standard deviation follows the average scoliosis up to 20 weeks and
decreases after that to 10 degrees. Thus, at the final stage all of the cases
had severe scoliosis of 110 to 120 degrees.
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Group 5/2 (Fig. 11 a)

The group consisted of 11 rabbits immobilized at the age of 5 weeks for
2 weeks. The average initial scoliosis was one third of the corresponding
value of the whole material and the average scoliosis is mildly decreasing
up to 12 weeks. The standard deviation remains under 20 degrees nearly
all the time and the group is homogenous.

Group 5/3 (Fig. 11 b)

The group consisted of 12 rabbits immobilized at the age of 5 weeks for
3 weeks. The average initial scoliosis was 7 degrees lower than that of the
whole material remaining constant up to 8 weeks. The standard deviation
follows the average scoliosis closely.

Group 5/4{(Fig. 11 ¢)

The group consisted of 17 rabbits immobilized at the age of 5 weeks for
4 weeks. The average scoliosis was 14 degrees and increased slightly up
to 8 weeks after which it decreased slightly. At the time of 16 weeks only
a few animals survived of the whole material. They had severe scoliosis.

Group 5/5 (Fig. 11d)

The group consisted of 18 rabbits immobilized at the age of 5 weeks for
5 weeks. The average initial scoliosis was 17 degrees and remained constant
throughout. The standard deviation is very small.
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II Factors Influencing the Development and Course of Scoliosis

4. Effect of immobilization time and effect of age at immobilization

The effect of the immobilization time was analyzed by dividing the
animals into 3 groups according to the age at the time of immobilization
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Fig. 12. Effect of immobilization time and age at immobdbilization on the deve-

lopment and course of scoliosis.

(a) In rabbits immobilized at the age of 2 weeks the initial scoliosis was severe
and the progression of scoliosis increased with a longer immobilization period.
(b) In rabbits immobilized at the age of 3 weeks the effect of the immobilization
period was evident but mot so remarkable as in younger rabbits {a).

(¢} In rabbits immobilized at the age of 5 weeks the effect of the immobilization
period on the initial scoliosis and on the progression of scoliosis was consider-

ably less than in younger age groups.
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and comparing the development and course of scoliosis in each group
after variably long immobilization times (Fig. 12).

Fig. 12a shows the development of scoliosis in Groups 2/2, 2/3, 2/4 and
2/5 where the age of the animal at immobilization was 2 weeks and initial
scoliosis 19, 29, 39, and 53 degrees respectively. The scoliosis in the groups
with immobilization times of 2 and 3 weeks (Groups 2/2 and 2/3) was
clearly resolving while with an immobilization time of 4 weeks (Group
2/4) progressive scoliosis was seen and that with an immobilization time
of 5 weeks (Group 2/5), constant scoliosis occurred. The unexpected course
of scoliosis in the last group may be explained by the small number of
cases (9 rabbits).

Fig. 12b shows the average scoliosis of Groups 3/3, 3/4, and 3/5. The
initial scoliosis was between 33 and 47 degrees in every group. The groups
with an immobilization time of 3 or 4 weeks (Groups 3/3, 3/4) showed a
clearly correcting course, those with an immobilization time of 5 weeks
(Group 3/5) a progressive course.

Fig. 12c shows the average scoliosis of Groups 5/2, 5/3, 5/4, and 5/5.
The smallest initial scoliosis, 12 degrees, was found in Group 5/2, the
severest, 23 degrees, in Group 5/3. The course of scoliosis within each
group was considerably homogenous. In Group 5/4 the average scoliosis
was progressive, while in all other groups it was resolving.

Generally, the initial scoliosis increased and the course of scoliosis
became more progressive with a longer immobilization time, especially in
younger animals. Thus in older animals ‘the initial scoliosis was smaller
after immobilization and the progression of scoliosis was less than in
younger animals as shown in Fig. 12.

B. Effect of initial scoliosis on the course of scoliosis

In the present study initial scoliosis means the degree of scoliosis mea-
sured immediately at the end of immobilization. The effect of magnitude
of the initial scoliosis on the course of scoliosis is presented in Fig. 13
where Diagrams A, B, C, and D present the average course of scoliosis
and Diagrams a, b, ¢, and d present the corresponding standard deviation.
Diagram A represents the cases where the initial scoliosis was 1 to 10
degrees, B 11 to 30 degrees, C 31 to 50 degrees, and D more than 50 degrees.

Fig. 13 shows that in Groups C and D where the initial scoliosis is
more than 30 degrees, a significant progression of scoliosis occurred,
whereas in Groups A and B with an initial scoliosis of less than 30

degrees, a constant or slight correction was seen.



30

DEGREES I DEGREES "
130 130
120 120
110 110
100 100
20 20
80 80
70
> 70
60 80
50 30
c
40 40
30 30
20 20
8
10 10
A
1 2 3 4 8 12 16 20 24 28 32 36 1 2 3 4 8 12 16 20 24 28 32 36
TIME IN WEEKS TIME IN WEEKS

Fig. 13. Relationship of severity of initial scoliosis to the course of deformity.

I : A initial scoliosis 19—10° (72 animals)
B » 11°—30° (62 » )
C » 31°—50° (58 » )
D » more than 50° (61 » )

II: Standard deviation of the corresponding initial scoliosis curves (a, b, c, d).
The tendency to progression of scoliosis increases with a severer initial scoliosis.
The critical point seems to lie between 30° and 40° of scoliosis.

III Effect of Soft Tissue Release Operation on the Course of Scoliosis
and Classification of the Results

Seventy scoliotic rabbits were operated on. The operated material was
divided into 5 classes (CO) according to the postoperative course of
scoliosis as follows:
The operation:

— had no effect on the course of scoliosis CO,

— slowed down the progression of scoliosis CO;

— prevented the progression of scoliosis COq

— had a corrective effect on scoliosis CO;

— had an indistinct effect on scoliosis CO,

Table 2 shows the postoperative course of scoliosis in different classes of
scoliosis. No operations were performed in Class CS;, and only 3 animals
belonged to CS; whereas of the unoperated animals 51 per cent belonged
to these classes of scoliosis. In 19 cases the operation was performed on
a constant and in 47 cases on a progressive scoliosis. These classes con-
sisted of 94 per cent of the operated material, whereas of the non-oper-
ated material only 36 per cent (66 animals) belonged to these 2 classes.
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Per cent 5 27 67 1 100

Table 2. Distribution of operated experimental animals according to preoperative
. class of scoliosis and postoperative course of scoliosis. (Class of scoliosis
see Table 1 on page 17 and postoperative course of scoliosis see the text

on page 30).

This demonstrates that animals with more severe scoliosis were chosen
for surgery. In 16 cases the operation had no corrective effect on the
course of scoliosis. Twelve of these were progressive before operation.
In 8 cases the operation slowed down the progression of scoliosis and in
21 cases the progression of scoliosis ceased after operation. In 14 cases
a straightening of scoliosis was found after operation. Of these cases 3
were straightening before operation, 9 constant and 2 progressive. In 11
cases the effect of the operation remained indistinct usually because of
a short observation period.

Examples of the postoperative course of scoliosis are shown in Figs.
14—16.

A. Effect of operation on progressive scoliosis

Of the operated animals 47 (67 per cent) had progressive scoliosis (Table 2).
Because of the importance of this group, the effect of the operation in it
is considered in Fig. 17. Diagram B represents the average course of
scoliosis in Class CS; (47 animals) after operation. Diagram A represents
the average course of progressive scoliosis of the unoperated cases (80 ani-
mals). The real starting point of Diagram A and B is not the same be-
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Fig. 14. Example of progressive scoliosis where the operation had no effect on
the course of progression (COy). Age at the beginning of immobilization 2 weeks,
immobilization period 3 weeks. Initial scoliosis (¢ + b) 47°, operation (indicated
by an arrow on the x-axis) 6 weeks later on the right intercostal spaces 5—8
when the scoliosis was 52° (c¢). Final scoliosis 87° (d + e). (f) Curve showing the
course of the scoliotic deformity. (Rabbit No. 176).
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Fig. 15. Example of progressive scoliosis where the operation slowed down the
progression of scoliosis (CO2). Age at the beginning of immobilization 2 weeks,
immobilization period 3 weeks. Initial scoliosis 40° (a + b), operation (indicated
by an arrow on the x-axis) 5 weeks later on the left intercostal spaces 4—7
when 'the scoliosis was 66° (c). Final scoliosis 63° (@ + e). (f) Curve showing
the course of scoliotic deformity. Note the immediate correction of scoliosis
following surgery. (Rabbit No. 312).
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Fig. 16. Example of overcorrection of scoliosis after operation (COgz). Age at
the beginning of immobilization 2 weeks, immobilization period 3 weeks. Initial
scoliosis convex to the right 33° (a + b), operation (indicated by an arrow on
the x-axis) 3 weeks later on the left intercostal spaces 5—7 when the scoliosis
was 23° (¢ + d). Final scoliosis convex to the left 18° (e + f) when measured
from the V-—VII thoracic vertebrae as in (a) and (c) but 53° when measured
from the thoracic vertebrae VI—IX. (g) Curve showing the course of scoliotic
deformity. (Rabbit No. 444).
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Fig. 17. Effect of operation on progressive scoliosis. Diagram B represents the
average postoperative scoliosis in Class CS3 (47 animals) and Diagram A
average scoliosis of unoperated animals in CS3 (80 animals).

Statistical significance:

* = p<0.05; % = p<0.01; *** = p <0.001
— = N.S.

cause, to make comparison easier, the end point of immobilization (A) and
the time of operation (B) were considered simultaneous events.

The average scoliosis in the group of the unoperated animals is highly
progressive whereas that of the operated group is nearly constant. Thus
the operation has nearly stopped the progression of scoliosis.

B. Effect of age at operation
The effect of the age at operation on the operative results was studied

bv dividing the material according to the age at operation into 3 groups.
The results can be seen in Fig. 18.
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Fig 18. Effect of age at the operation on the course of scoliosis. The diagrams are
formed as follows:

(a) age less than 7 weeks, 18 animals
(b) age 7—10 weeks, 35 animals
(c) age more than 10 weeks, 17 animals

Diagram (a) includes the animals younger than 7 weeks at operation
(18 animals), (b) the animals of 7 to 10 weeks (35 animals) and (c} the
animals older than 10 weeks at the time of operation (17 animals). The
initial scoliosis in all the curves is about 43 degrees. Before the operation
the diagrams show a slight progression and the difference between the
diagrams at the time of the operation is only about 10 degrees. Before
the operation the results segregate according to the age at operation so
that the youngest show the mildest curves. The immediate effect of the
operation in each group is a correction of 3 degrees. After this Group (c)
continues to progress slightly, and (a) decreases mildly. When comparing
scoliosis before the operation and at the time of 16 weeks after the opera-
tion, Group (c) shows a progression of 15 degrees, (b} has remained nearly
the same, and (a) shows a correction of about 20 degrees. Thus, the
correction caused by the operation is more effective in younger animals.

C. Effect of magnitude of scoliosis on operative results

The relation between the degree of scoliosis and the operative result was
studied by dividing the material according to the scoliosis angle before
the operation into 4 groups and observing the course of scoliosis before and
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Fig. 19. Effect of magnritude of scoliosis on operative results. The diagrams are
formed as follows:

(a) preoperative scoliosis 1—30 degrees, 15 animals
(b) » » 31—50 » , 18 »
(c) » » 51—70 » , 20 »
(d) » » more than 70 >, 17 »

after operation. The results can be seen in Fig. 19. The groups are separated
as seen in Fig. 19.

The average preoperative scoliosis in Group (a) was 24 degrees and
the course of scoliosis was slightly correcting before operation and con-
tinues in the same fashion after operation. The average preoperative
scoliosis in Group (b) was 42 degrees. The preoperative constant course of
scoliosis remained unchanged after operation. The average preoperative
scoliosis in Group (c¢) was 50 degrees and the slight preoperative pro-
gression continued postoperatively. The strong progression of scoliosis in
Group (d) resulted in a preoperative scoliosis of almost 90 degrees. The
progression of scoliosis in this group continued after operation but was
slightly less than before operation.

The figure indicates that scoliosis exceeding 50 degrees could not be
corrected by this operative method, but the progression of scoliosis slowed
down postoperatively even in this group.
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IV Findings in Section of Specimens

In the study of section of specimens attention -was paid to the muscles
and ligaments on the concave side of scoliosis. No specific morphological
changes could be found in them compared to the controls. The length
of the dorsal parts of the intercostal muscles on the concave side were
measured and they consisted of 75 intercostal spaces in 32 animals. Seven
animals served as normal controls and of them the muscles of 56 inter-
costal spaces were measured. The results can be seen in Fig. 20.

With the exception of a few cases, the intercostal muscles were shorter
on the concave side than in the normal control.

The operated area in 5 rabbits consisting of 16 intercostal spaces was
studied microscopically (Fig. 21). In all of them the transplanted fat tissue
seemed to be normal. Some collagen fibres had grown into it but the
border between the fat tissue and the surrounding tissue had remained
distinct all the time. No excessive scar formation could be found.

LENGTH

mm
10
J— 2

5 -,1/1/ : I

1 . :/.. hd .

LI 4 . :

:‘e;a,gfg‘ *
3 : 10 5 20 25 30

AGE IN WEEKS

Fig. 20. Length of dorsal parts of intercostal muscle on the concave side of the
scoliotic curve. The continuous line shows normal growth of intercostal muscles
in control group, the points show measurements from scoliotic rabbits.

V Other Findings

A. Pectus excavatum

Some scoliotic rabbits had quite a typical pectus excavatum which could
be found in the x-ray pictures and in the specimens as seen in Fig. 8e.
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Fig. 21. Histological picture 27 days after removal of contracted soft tissue
structures and transplantation of fat tissue. The fat tissue transplant seems to be
normal. (Rabbit N:o 356).

This deformity could be verified roentgenologically only in the old rabbits,
whereas in the specimens the deformity was also found in some young
rabbits, where it was localized to the xiphoid process.

B. Sliding of the apex of the curve

Some operated animals displayed a phenomenon called »sliding» in the
present study, as shown in Fig. 22. The primary preoperative scoliotic
curve was established and the operation was made on the concave side.
After the operation the apex of the primary curve, however, gradually
slid in the caudal or in the cranial direction. This occurred whether the
primary curve straightened, remained the same or progressed, as shown
in Fig. 22. This phenomenon was always accompanied by the progression
of the secondary curve, and in the cases where progression had gone fur-
ther no difference between the primary and the secondary curve could be
distinguished except by comparing them with the earlier x-ray pictures.
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C. Costal exostoses

Some animals developed exostoses of the ribs in the operated area. It is
obvious that when the intercostal muscles and costotransverse ligaments
were operated on, the periosteum of the ribs was injured. As a result,
exostoses developed and are regarded as operative complications.
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Fig. 22. Sliding of the apex of the curve. Initial scoliosis convex to the right
37° (¢ + b). Four weeks later (c) the apex of the curve is in thoracic vertebra
VII and the operation was performed on the left intercostal spaces 6—8. The
final result at the age of 42 weeks shows a right convex scoliosis of 72° but
the apex of the curve is at the level of thoracic vertebra VI and the caudal
secondary curve has progressed from 10 degrees to 43 degrees. (f) Curve showing
the course of scoliotic deformity. (Rabbit No. 233).



DISCUSSION

In the present study scoliosis was provoked in rabbits by keeping their
spine in a scoliotic position by means of a three-point plaster cast for
2 to 5 weeks. The principle is not new. Wullstein (1902)) used the same
method in dogs, but he did not follow the development of scoliosis thus
produced after the immobilization period. The method used by Miller
(1926, 1928) in rats was basically very similar to the present method
though it was not actually aimed at imitating human scoliosis but was
aimed at making the whole spine of the animal bent. The present method,
instead, is completely different from all other methods previously used
to provoke experimental scoliosis. It is non-invasive, thereby causing less
damage to tissues and scar tissue formation is avoided. It it cilincally
known that an asymmetrical scar tissue formation in the thoracic area,
caused e.g. by a burn, can provoke scoliosis concave to the side of the scar
(Langenskiold & Michelsson 1962, Lindholm et al. 1977).

Physiologically, loading is considered to have a stimulating effect on
bone growth e.g. the vertebrae. If the pressure exceeds the physiological
limits growth is retarded (Arkin & Katz 1956, Smith 1962, Karaharju 1967,
Davis 1968, Osterman 1972). It may by supposed that in the present study
an asymmetrical compression has been caused 1o the vertebral growth
plates by bending the spine in a scoliotic position. However, the spine
was bent in a slightly scoliotic position only, as shown in Fig. 2, thus the
asymmetrical effect can be regarded as insignificant.

The data in the present study were obtained from measurements of
scoliosis angles from the roentgen pictures. When a scoliotic spine is
x-rayed, the size of the scoliosis angle in the picture dépends_ on the posi-
tion of the object with respect to the direction of the x-rays and the
position of the x-ray film (Lindahl & Reader 1962, Lindahl & Movin 1968).
Attempts were made to eliminate this error by taking roentgen pictures
of the spine, sometimes in two perpendicular planes, and by using the
Edholm (1967) measuring disc. Although this disc is reliable in measuring
curves, in the statistical analysis this second mode of measurement proved
to be confusing, so this technique of measurement was not performed
throughout the studyv. The measurements obtained by the Edholm mea-
suring disc did, however, correlate well with the scoliosis angles obtained
by the Cobb mecthod.
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Several authors (Knowlton & Hines 1936, Ferguson et al. 1957, Alder
et al. 1959, Crawford 1972 and 1973) have shown that immobilization in a
shortened state of muscles in a growing animal leads to growth disturbance
and permanent shortening of the muscles. Ritsild {1969) demonstrated
that this type of myostatic contracture in a growing animal may provoke
skeletal deformity.

When the animals in this study were immobilized in a scoliotic position
the muscle groups on the concave side of the spine, including at least parts
of the intercostal muscles, were kept for 2—5 weeks in a shortened state.
Undoubtedly growth disturbance and permanent shortening of muscles is
a process which must, as predicted, have come into play in these ex-
periments. This is also the probable cause of the type of structural scoliosis
which could be provoked in these experiments without operative trauma.

In the present study the susceptibility to develop scoliosis seems to
be greater in younger animals and with a longer immobilization period.
However, rabbits younger than 2 weeks are so small that the f)laster
cast immobilization is difficult or impossible technically.

In the present study it was demonstrated that progressive scoliosis is
likely to occur if the degree of scoliosis present after a period of immo-
bilization in a scoliotic position exceeds 30 degrees in a rabbit aged 2—5
weeks.

In these experiments resolving scoliosis was found in 23 per cent of the
unoperated material (Table 1, page 17). These are corresponding
phenomena described in the literature. In 1967 J. 1. P. James wrote
about infantile idiopathic scoliosis: »The majority of these structural
curves in infants spontaneously resolve”. The group showing resolving
scoliosis after the immobilization period could perhaps be compared to the
type of human infantile scoliosis which resolves from a state with struc-
tural changes.

An interesting phenomenon, first demonstrated by Langenskiéld and
Michelsson (Michelsson 1965) in experiments with alizarin, is the counter-
action of the progression of a scoliotic curve by the apposition and resorp-
tion of bone on the lateral aspect of the vertebrae. This process, which
tends to resolve an existing scoliotic curve, was further studied by Michels-
son (1965) by means of metal implants and by Karaharju (1967) by means
of tetracycline.

It seems reasonable to assume that the regularly occurring phenomenon
mentioned above has been a factor influencing the results in the present
study. Especially the resolving of scoliosis produced by immobilization
may here have its explanation.

The scoliosis treated operatively in the present study was severer
on average than the scoliosis of the whole material (Page 30). This
apparently increases the reliability of the results in the operative group.
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The operative treatment of experimentally provoked scoliosis was
aimed at cutting the structures on the concavity which prevented the
correction of the scoliosis. An operation on these structures was used
by Langenskiold and Michelsson (1961, 1962) to provoke experimental
scoliosis, These authors also provoked the straightening of experimental
curves by means of soft tissue release on the concave side (1962). The
present operation consisted of the cutting of the costotransverse ligaments
and the removal of the dorsal part of the intercostal muscles with inter-
position of free fat to prevent adhesions and the resultant deforming
effect of scar tissue. Free fat has been used successfully for this purpose
by several authors (Lexer 1919, Langenski6ld & Michelsson 1960, Osterman
1972, Kiviluoto 1976, Langenski6ld & Kiviluoto 1976). Histologically, fat
tissue remained unchanged in its new position, and scar formation was
virtually unseen (Fig. 21).

The preventive effect of the fat tissue transplants on scar tissue
formation in the operative area seemed ‘to be of great importance in
preventing the progression of scoliosis and in allowing the correction of
scoliosis.

In the immediate postoperative period the scoliosis spontaneously cor-
rected by a few degrees as shown in Fig. 15 (Page 35). This phenomenon
was seen in several cases including those where scoliosis later pro-
gressed (Fig. 14), and can be explained by the relaxing effect of the local
anaesthesia.

The results of the present study show that the progression of a
provoked scoliosis can be prevented more efficiently if this operation is
performed on younger animals. If the operation was performed on animals
under 7 weeks a slight correction of scoliosis was obtained. A partial
correction was achieved with animals operated on at the age of 7 to 10
weeks, but after 10 weeks progression continued in spite of the operation.
The groups were comparable with regard to initial scoliosis (43°) and
they were of sufficient size (17—35 animals) to imply that the conclusions
from the analysis of the results are reliable. The effect of the corrective
operation is evidently based on the observation in a similar, unoperated
group.

Scoliosis exceeding 50 degrees could not be corrected by this operative
method (Fig. 19). However, the progression of scoliosis was significantly
decreased following surgery in the group where scoliosis at the time of
operation was more than 70 degrees. Fig. 19 shows that the rate of
progression of scoliosis decreased in the postoperative period but the
operative procedure was not able to completely stop it or to result in
correction.

The operative results were dependent on the age of the animal at the
time of operation, the degree of scoliosis, and the extent of the spinal
changes. Thus, when the operation was performed on a voung rabbit with
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slight scoliosis and even with small deformation of vertebrae and discs,
the operation prevented the progression of scoliosis or had a corrective
effect on it. ’

The pectus excavatum deformity found in some experiments in the
present study is probably caused by the compression of the plaster corset.
This deformity does not seem to be important to the course of scoliosis.

The sliding of the apex of the curve that was observed in the present
study is known to occur in human cases as well. The primary curve that
is clearly visible in the beginning may become indistinguishable in the
course of treatment. When found in connection with ligament discision,
this phenomenon can be explained as follows: the stabilizing force of the
muscles and ligaments in a certain segment affects a wider area than
one intercostal space, as proved by Frey (1922). The operation area is
determined by using x-ray identification, which does not reveal the
underlying effects of the ligaments to be excised. Thus the effect of the
operation may be partially directed to the secondary curve, which begins
to progress. This occasional progression of a secondary curve after opera-
tion on the concave side of a primary curve was also described by
Langenskitld and Michelsson in 1962.



SUMMARY AND CONCLUSIONS

The main purpose of the present study was to investigate the possibility
of producing an experimental model of human idiopathic scoliosis without
operative trauma. In the experiments 253 growing rabbits aged 2—5 weeks
were kept in a plaster cast in a scoliotic position for 2—5 weeks. In 85
per cent of the animals scoliosis was provoked by this method (Table 1)
and it was permanent or progressive in 52 per cent (132 rabbits). Scoliosis
was provoked more easily and it developed severer in younger animals.
The control animals showed no scoliosis.

The initial degree of scoliosis immediately after immobilization cor-
related with the course of the deformity. When the initial curve exceeded
30 degrees, a progressive scoliosis developed whereas when the initial
curve was less than 30 degrees, a stable or correcting scoliosis was
observed.

Seventy scoliotic rabbits were operated on in order to release the
soft tissue contracture on the concave side of the primary curve. The
operation consisted of removal of 1.5 cm of the dorsal parts of the inter-
costal muscles, costotransverse and intertransverse ligaments in 2 to 4
intercostal spaces on the concave side with interposition of a free fat
tissue transplant to prevent scar formation.

The initial preoperative scoliosis was severer in the operated animals
than in the unoperated control group. Following surgery the progression
of scoliosis ceased in 21 rabbits, was slowed down in 8 rabbits and
corrected in 14 rabbits (Table 3). In 16 rabbits the operation had no effect
on the course of scoliosis.

The age of the animal at the time of operation correlated with the
operative results. The correcting effect of the operation was better in
younger animals. The degree of scoliosis at the time of surgery also
correlated with the operative result in that that the corrective effect
of the operation was obvious if the scoliosis was mild and was absent
if the scoliosis angle exceeded 50 degrees.

Shortening of the intercostal muscles on the concave side of the curve
was observed using stained sections of specimens.

The following conclusions can be drawn from the present study: A
progressive scoliosis which resembles human idiopathic scoliosis can be
proveked in a growing rabbit by immobilizing the animal in a scoliotic
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position for a period of 2—5 weeks. The role of growth disturbance of
a muscle and accompanying myostatic contracture in the pathogenesis of
the scoliotic deformity thus produced is suggested by the observation
that some struetural changes of the intercostal muscles were seen.

The operative elimination of the contracture on the concave side of
the provoked primary curve often resulted in either correction of the
deformity or cessation or retardation of progression of the curves. These
observations further indicate that growth disturbance and shortening of
muscles play a role as a pathogenetic factor in the production of de-
formity of the spine in this study.

The ev1minaiion of sections of specimens revealed a shortening of the
dorsa! ir. costal muscles on the concave side of the primary curve.
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