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I N T R O D U C T I O N A N D P R O B L E M S 

Spondylolisthesis and spondylolysis o f the lumbar vertebrae are by no means 

rare lesions. The incidence in anatomically examined series is estimated at about 

5 per cent (Neugebaucr 5 % , Willis 5 . 1 9 % , Roche & Rov^re 4 . 2 % ) . An un­

commonly high incidence o f spondylolysis ( 4 0 per cent in men and 3 7 per cent 

in women) was fomid by Stewart in skeletons of Eskimoes in the northern part 

of Yukon and by Schreiner in Lapps in Norway ( 1 2 . 8 % ) . — In clinical series 

the frequency is somewhat lower, owing to the fact that the condition is fre­

quently without any clinical symptoms. Besides, spondylolysis may often be 

hard to diagnose radiographically without oblique projections or tomography. 

At a radiographic examination of 4 6 5 4 persons, Runge found 9 7 cases o f spon­

dylolisthesis ( 2 . 0 8 % ) . Almost all o f them were symptom-free. Allen 8c Lindem 

observed spondylolisthesis in 2 . 9 6 per cent of 3 0 0 0 and Hult in 2 . 1 per cent 

of 1 1 7 8 industrial workers examined. 

Despite numerous investigations, the etiology and pathogenesis of this lesion 

still remain obscure. In the majority o f cases there is hypoplasia, and an elongation 

and defect of the neural arch. H o w this defect in the arch arises has not been 

conclusively demonstrated. Hypoplasia and a malformation of the articular 

processes of the olisthetic vertebra and the one situated ventrally of it were 

in a number of cases demonstrated by Brocher, Taillard and Newman, among 

others. Ventral displacement o f the entire vertebra without any elongation or 

defect of the arch (Junghann's anterior pscudospondylolisthesis), a condition 

common in elderly women, seems to be due to degeneration of the disc and 

osteoarthrosis of the intervertebral joints (Junghanns, Brocher, Macnab, Adkins, 

and others). Despite numerous investigations neither spondylolisthesis nor spon­

dylolysis has been demonstrated in foetuses or newborn infants (Batts, Brocher, 

Glorieux & Roederer, Friberg, Hitchcock, and others). The only exception 

is a case of unilateral spondylolysis in a 5-month-old foetus (Pfähler & Vastine). 

The incidence of diagnosed cases o f spondylolisthesis in children under 1 0 years 

is very low. Up to 1 9 5 1 , 1 2 such cases had been published (Marique). The in­

cidence of spondylolisthesis does not seem to increase between the ages of twenty 



and seventy years, and a progression of the displacement after the age of twenty 
seems to be exceptional (Friberg, Brocher, Taillard, and others). All this,would 
seem to indicate that, as a rule, the lesion occurs between the ages of five and 
fifteen years. A progressive slipping of the olisthetic vertebral body iit children 
and adolescents has been demonstrated by Brocher, Brailsford, Francillon, Harris 
and Taillard, among others. Later, 1 shall describe similar cases in my series. 

In a minor proportion of cases of spondylolisthesis, there is radiating pain to 
the lower extremities with or without neurological symptoms. The incidence 
of such symptoms varies in different reports, the average being, according to 
Mariquc, about 2 0 per cent. The mechanism of origin of these symptoms is 
still not conclusively estabhshed. Therefore, opinions vary with regard to the 
operadvc treatment of the lesion. Earlier, in cases where conservadvc treatment 
did not adequately relieve the paiii, dorsal fusion was, as a rule, performed. 
Later, some surgeons performed intercorporal spondylodcsis, ventral or dorsal, 
in order to stabilize the slipping portion of the vertebra. Certain authors (James 
& Nisbet, King et al., Gill et al.) consider laminectomy alone sufficient to produce 
relief of the patient's symptoms. 

The present paper is chiefly an account of the neurological symptoms, different 
operative methods employed and results of the operative treatment. Special 
attention has been attached to a comparison between the results of spondylodcsis 
and laminectomy. Spondylolisthesis in children and adolescents presents special 
problems and these will therefore be dealt with in sections of their own. Ventral 
displacement of vertebrae as a result of fractures, tumours or inflammatory 
processes will not be discussed in this work. 



S U R V E Y O F 809 D I A G N O S E D C A S E S 

During the 13 -year period 1 9 4 4 to 1 9 5 6 , 8 0 9 cases o f spondylolisthesis or 

spondylolysis were diagnosed at the Orthopaedic Hospital of the Invalid Founda­

tion. O f these, 8 5 were treated surgically and will be discussed in detail in this 

report. The remaining cases were treated at the out patient department and 

will not be closely studied. I considered it o f value, however, to present some 

figures concerning the whole material. As a rule only frontal and sagittal radio­

grams were made and it was therefore not always possible to decide whether 

or not there was a defect of the vertebral arch. In the majority o f cases, h o w ­

ever, the olisthesis was associated with lysis. 

Αζ€ and sex 

The age and sex o f the patients are given in tabic I. In the majority of cases 

the condition had not been previously diagnosed. 

TABLE I 

Ai;;c and sex 

Age Men "Women Total /o 

0—9 I — I — 
10—19 30 27 57 7 % 
20—29 70 49 119 14.7% 
30—39 99 86 185 
40—49 94 149 243 30 % 
50—59 55 84 139 17-2% 
60—69 23 42 65 8.1% 

372 (46%) 437 (54%) 809 

The table shows a slight predominance o f females ( 5 4 % and 4 6 % ) . In other 

series (George, Fribcrg, Meyerding) men predominate, a feature which has been 

attributed to the fict that heavy masculine work more often produces pain 

conditions in the back. The incidence rises somewhat in the age groups 3 0 to 

4 9 years, falling again in the older age groups. The large number of women 

in the group 4 0 to 4 9 years is remarkable. Friberg assumed that the onset of 
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the cHmacterium may contribute to the manifestation of symptoms and the 
accumulation of cases in this age group. It is a fact that at this age osteoporosis 
of varying degree may often be observed in the spine, evidently as a result of 
reduced production of sex hormones. 

Location and nature of lesions 

The location and nature of the 1 csions arc seen in table 11. 

TABLE II 

S ex and location 

Men Women Total 

Lysis L 2 I — I 

L 3 3 5 8 

U 6 I I 1 7 
U 9 1 6 2 5 

Olisthesis La — 4 4 
L 3 8 I I 1 9 
L 4 62 1 2 8 1 9 0 

L 5 2 8 9 2 7 3 5 6 2 

3 7 8 4 4 8 8 2 6 

The figures in this table are higher than the number of cases since multiple 
lesions occurred in 1 5 patients in a total of 3 2 vertebrae. The number of lyses 
without olisthesis was 1 9 in men and 3 2 in women. Five of the lyses located 
in the fifth lumbar vertebra were unilateral. The fifth lumbar vertebra was 
affected in 7 1 . i per cent of cases and the fourth in 2 5 . 1 per cent. Thus, in 9 6 . 2 
per cent of cases, the lesion was situated in the two lowest vertebrae and this is 
in harmony with the findings of others (Friberg 9 3 . 6 % , Roche öc Rowe 9 4 . 6 % ) . 

The fourth lumbar vertebra was more frequently affected in women ( 3 1 % ) 
than in men ( 1 8 % ) . This sex difference is not apparent in previously published 
series. The location in the cases with multiple lesions is seen in table III. 

TABLE III 

Location of 32 multiple lesions in 13 patients 

Men Women 

Lysis L 2 and L 3 + olisthesis L 5 Lysis L 3 + Lysis L 4 
L 3 + L 4 » L 3 + » L 5 

» L 4 + L 5 » L 3 and L 4 + olisthesis L 5 
L 5 + L 4 » L 3 + L 4 

Olisthesis L 4 + L 5 L 4 + 
» L 5 + » u 

Olisthesis L 3 + » u 
)> L 4 + L 5 
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Fig. I . 65 year old woman. 'Pseudospondylolisthesis of the third lumbar vertebra which is ventrally 
displaced 4 mm (A). The frontal radiogram (B) shows osteoarthritis of the intervertebral joints and 

changes in the caudal articular processes of the olisthetic vertebra. 

This irregular distribution of the lesions rather seems to suggest the presence 

of a congenital disposition to the lesion. In this connection, I should mention 

that I have observed a rare location o f bilateral spondylolysis in the third cervical 

vertebra in a 24-year-old woman who had had pain in her neck since childhood. 

Cases of spondylolisthesis in cervical vertebrae have been reported by Perlmann 

& Howes and by Durbin. 

As already m.entioned, it was not always possible to decide from the radio­

grams whether spondylolysis was present or not. Olisthesis without any defect 

of the arch could be observed in 1 0 cases, however, 8 women and 2 men. In 

3 cases, operation revealed that there was no defect o f the arch. In i case the 

lesion was located in the third lumbar vertebra, in 3 cases in the fourth and in 

6 cases in the fifth. The average age of the patients was 4 5 years. Figures i 

and 2 show cases o f olisthesis without defect o f the arch. 

Trauma as the releasing factor was reported by 5 2 patients, 3 8 men and 1 4 

women, amounting to 6 . 4 per cent of the cases. This figure is considerably 
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C D 

Fig. 2 . 4 8 yrar old man. The fifth lumbar vertebra is ventrally displaced 1 0 mm, the presacral 
disc is degenerated (A). The frontal radiogram (B) shows hypoplasia and sclerosis of the neural arch. 
The spinous process is poorly developed. The oblique pictures show hypoplasia and attenuation of 

the arch (C, D). N o lysis is visible. 
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lower than the incidence of trauma reported by Meyerding and Friberg, for 
instance. This low incidence might be due to the circumstance that the clinic 
does not accept recent traumatic cases for treatment, being an orthopaedic 
consultation clinic serving the whole country. 

Clinical signs 

Since the clinical picture of spondylolisthesis has been described in detail in 
earlier papers and textbooks, I shall only briefly discuss some details. In many 
cases I have observed a slight non-fixed lumbar scoliosis, particularly in patients 
belonging the age group group i i to 1 9 years. Like Friberg, I did not in 
these cases find unilateral spondylolysis which, according to Glorieux & Roe-
derer, predisposes to scoliosis. In several cases, however, a tilt of the oUsthetic 
vertebra in the frontal plane seems to have taken place and may be observed 
in antero-posterior radiograms. 3 cases of scoHosis of comparatively high degree 

Fig. 3. 25 year old man. Total olisthesis of the lumbalized first sacral vertebra. There is a lumbar 
scoliosis due to a tilt of the olisthetic vertebra in the frontal plane. A tibial graft was implanted 
eighteen months earlier between the crest of the ilium and the transverse process of the first lumbar 

vertebra. There is non-union at the lower attachment of the graft. 
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were observed. One o f these (Fig. 3 ) was treated with implantation o f a tibial 

graft from the crista iliaca to the transverse process o f the first lumbar vertebra. 

In some cases I observed other deformities in the lumbar spine combined with 

spondylolisthesis. These cases seem to indicate a congenital origin o f the de­

formities and will therefore be described. A 23-year-old man had spijia bifida 

o f all lumbar and sacral vertebrae from the third lumbar vertebra downwards. 

The fifth lumbar vertebra showed bilateral spondylolysis, being 1 2 mm. for-

wardly displaced. Moreover, the patient had right-sided pes varus and left-sided 

pes planovalgus. A 47-year-old woman showed radiographically congenital 

synostosis o f the third and fourth lumbar vertebra and a 1 0 mm. ventral dis­

placement o f the fifth lumbar vertebra in which there was bilateral defect of 

the arch. A 43-year-old woman had right-sided unilateral spondylolysis o f the 

fifth lumbar and first sacral vertebra and considerable hypoplasia o f the entire 

right side o f the first sacral vertebra. — Spina bifida was present in 7 out of 

the 8 5 operated cases ( 8 . 2 % ) . A considerably higher frequency was reported by 

Meyerding ( 3 5 % ) , Friberg ( 2 8 . 6 % ) and Taillard ( 2 0 . 8 % ) . 

The frequency o f nemoJogical symptoms in spondylolisthesis varies considerably 

in different reports, evidently depending upon h o w much attention has been 

attached to such an examination. In the present series, complete neurological 

examination was not performed, particularly not on the outpatients. Patients 

admitted for surgery underwent more thorough neurological examination, 

although without consultation o f a neurologist. Neurological signs were there­

fore more frequently estabUshed in these patients. A large num.ber o f them 

were operated on because o f sciatica with neurological symptoms. 

1 0 patients had no subjective symptoms, the spondylolisthesis being an accessory 

finding. O f 8 0 9 patients, 5 6 9 ( 7 0 . 3 % ) had pain o f varying degree in the lumbar 

region only. Radiating pain to the thigh, the calf or the foot, in some cases 

combined with a positive Lasègue's sign but with normal jerks, occurred in 

1 5 6 cases. There were disturbances o f the jerks in 7 4 cases. Table IV shows the 

frequency o f neurological symptoms in cases treated conservatively or by surgery. 

TABLE IV 

Frequency cf neurological signs 

Radiating Jerk disturb- jotal 
pain anees 

Not operated 1 2 2 4 9 1 7 1 

Operated 3 4 2 5 5 9 

1 5 6 7 4 2 3 0 
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6 1 9 2 5 

Combinations of neurological symptonts which could be interpreted as root 

syndrome appeared in 1 2 cases. A syndrome emanating from the first sacral 

root occurred in 8 cases, from the fifth lumbar in i case, from the fourth lumbar 

in I case and in 2 cases there was a combination of syndromes from the first 

sacral and fifth lumbar root. H. Neugebauer observed neurological symptoms 

in 2 8 cases out of 5 9 . In 8 cases there was a root syndrome, the remaining cases 

being monosymptomatic. Of Meyerding's 7 4 5 patients, 8 0 ( 1 0 . 7 % ) had sciatica. 

Of these, 1 7 cases were investigated in a neurological clinic, being diagnosed 

as prolapse of a disc. In 6 of these cases operation for disc protrusion, and fusion 

were performed. — Out of 1 1 cases of subtotal or total spondylolisthesis of the 

fifth lumbar vertebra, the ankle jerk was absent bilaterally in 5 and unilaterally 

in 6 cases. In most of these cases there were no other neurological signs. This 

seems to me to indicate that absence of the jerk is brought about by a stretching 

of the first sacral roots owing to slowly progressive severe olisthesis. Myelo­

graphy was performed in some 2 0 cases. However, myelograms are often diíFicult 

to interpret in case of spondylolisthesis. In some cases the myelogram may indi­

cate prolapse and root compression in some interspace cranially or caudally of 

the olisthetic vertebra; in such cases exploration of the discs should be made 

in connection with operation for olisthesis. Sagittal myelograms of severe spon­

dylolisthesis show the S-shaped dural sac which Hes far dorsally of the oHsthetic 

Signs of root irritation occurred in 2 3 0 out of 8 0 9 cases ( 2 8 . 3 % ) . Of conser­

vatively treated patients, 2 3 . 6 per cent exhibited such symptoms, while this 

figure was 5 9 / 8 5 ( 6 9 % ) for surgically treated patients. 

Of 8 5 operatively treated patients, 5 4 reported radiating paiii to the thigh, 

the calf or the foot. Five patients did not report such pain but exhibited absence 

of jerks. A positive Lasègue's sign was present in 2 2 of these 5 9 patients, 9 had 

radiating pain on coughing, in 2 5 jerks were absent, 5 had uncertain reduction 

of the sensitivity of the lower limbs, while one patient had a cauda equina 

syndrome with saddle anaesthesia and bladder disturbance. The nature of the jerk 

disturbances in the 2 5 cases is seen in table V. 

TABLE V 

Jerk disturbances in relation to location of spondyhlisthcsis 

L4 L5 Total 

Loss of the ankle jerk, uni- or bilateral i 1 5 1 6 

Diminution of die ankle jerk, uni- or bilateral i 4 5 

Unilat. diminution in extension power of the big toe . . . . 3 — 3 

Unilat. diminution of the patellar jerk i — r 
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Fig. 4. 1 8 year old youth. The fifth lumbar vertebra is ventrally displaced 20 mm. The myelo­
gram shows the dural sac lying dorsally well back from the fourth and fifth lumbar vertebral bodies 
and discs. The dura! sack is compressed in the frontal plane at the sacral border. The fifth lumbar 

disc is low in contrast to the fourth. 

vertebra (fig. 4 ) . Sometimes the contrast medium, is arrested practically at the 

sacral border. Idelberger & Pia made similar observations. 

Myelography may give valuable information in certain cases o f spondylo­

listhesis but, in my opinion, need not be performed as a routine. 

A fairly common complex o f symptoms which may indicate spondyloHsthesis 

consists o f radiating pain resembling prolapse pain, a negative Lasègue's sign 

and often very good flexion o f the back. This has earlier been pointed out by 

Francillon and Brocher, among others. 

From the point o f view o f differential diagnosis, it should be remembered that 

spondylolisthesis is a comparatively common lesion which may be combined 

with other disorders with neurological symptoms. The present series comprises 

2 cases o f moderate olisthesis o f the fifth lumbar vertebra with rather pronounced 

neurological symptoms which were first interpreted as root symptoms caused 

by olisthesis. 

The first case was a 21-year-old man on whom half a year previously dorsal fusion 

because of olisthesis of the fifth lumbar vertebra had been performed in another hospital. 

Because of continued symptoms and incomplete fusion, respondylodesis with a tibial 
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CLINICAL DATA CONCERNING 5 8 PATIENTS UNDER 2 0 YEARS OF AGE 

In spondylolisthesis in children and .idolescents there is a danger of progressive 

slipping. At this age, patients often have symptoms indicative of root irritation. 

The number of patients o f this group was 5 8 . The age of the patients was as 

follows: 5 — 1 0 years i patient, 1 1 — 1 5 years 2 2 patients, 1 6 — 1 9 years 3 5 patients. 

There were 3 0 boys and 2 8 girls. In 5 3 cases the lesion was localized to the fifth 

lumbar vertebra and in 5 cases to the fourth. OHsthesis was present in 5 5 cases 

and lysis without olisthesis in 3 cases. There were 9 cases of subtotal or total 

olisthesis of the fifth lumbar vertebra. Shpping to more than 5 0 per cent of the 

vertebral length occurred in another 8 cases. Thus, in this age group, 1 7 cases 

out of 5 8 exhibited marked displacement of the fifth lumbar vertebra. 

It appears from this survey that, in this group, the sex distribution was about 

even, which tallies with Taillard's observations on 5 0 patients of similar age. 

Lesion of the fifth lumbar vertebra occurred in 9 1 per cent of cases, while the 

frequency o f this lesion in the entire series was 7 1 per cent. This is evidently 

due to the fact that, owing to static conditions, the shpping of the fourth lumbar 

vertebra can never become considerable and that symptoms of a lesion locaHzed 

to the fourth lumbar vertebra do not present themselves until a later age. 

2 — Laurent 

graft was performed. Radiograpliic check-up ten years later showed an expansive process 
in the spinal canal in which the olisthetic vertebral body and the well-healed graft had 
undergone erosion. There were sensory disturbances and the ankle jerks were absent. 
Since the patient was ftilly capable of work and subjectively comparatively symptoni-
frcc, it was considered, after a neurosurgeon had been consulted, tliat exploration was 
as yet uncalled for. 

In a second case of olisthesis in the fifth lumbar vertebra, an intradural neurinoma was 
observed at the level of the twelfth thoracic vertebra, the neurological symptoms being 
traced to this growth. 

Treatment 

O f the 8 0 9 patients who visited the outpatients' department o f the hospital, 

8 5 were admitted for surgery and 4 0 were referred to other hospitals for oper­

ation. Plaster jackets were prescribed in 1 0 cases and leather corsets in 2 2 . Surgical 

corsets reinforced with steel springs were prescribed to 5 6 6 patients, while no 

treatment was considered necessary in 7 6 cases and 1 0 patients were symptom-

free. It has not been possible to perform follow-up examination of the patients 

treated conservatively. However, the majority o f the patients did not return 

to the outpatients' department o f the hospital, which would seem to indicate 

that the symptoms were mild enough for the corset to afford sufficient relief. 
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Taillard reported that ischialgia often occurs in spondylolisthesis in young 

individuals, hi his series o f 5 0 cases aged 5 to 1 9 years, sciatica occurred in two-

thirds of cases o f 5 — 1 5 years, while one-third had pain in the lumbar region 

only. In the age group 1 6 — 1 9 years the situation was reversed. In the present 

scries the distribution of symptoms was as follows (Table VI) : 

TABLE VI 

Clinical picture in patients under 20 years of age 

Age 5—15 16—19 Total 

No pain 2 i 3 

Low back pain 9 1 9 2 8 

Radiating pain 2 5 7 

Positive Lasègue's sign 6 5 1 1 

Loss of the ankle jerk 5 4 9 

2 4 3 4 58 

Symptoms of root irritation occurred in the younger age groups in 1 3 out 

o f 2 4 cases, in the older age groups in 1 4 out o f 3 4 cases. This agrees with Tail-

lard's observations. A 14 -year-old girl exhibited a cauda equina syndrome with 

saddle anaesthesia and bilateral sensory disturbance in the first sacral dermatome. 

She suffered periodically from bladder incontinence and had neurotrophic 

ulcers in her heels. The feet showed a deformity of excavatus type. Lasègue's 

sign was negative and the ankle jerks were absent on both sides. There was 

total ohsthesis o f the fifth lumbar vertebra (Fig. 5 ) . The symptoms had presented 

at the age often. Laminectomy showed that the dural sac was highly compressed 

in the frontal plane at the level o f the fifth lumbar vertebra. There was spina 

bifida and unilateral spondylolysis o f the arch. N o pulsation could be observed 

hi the dural sac until the arches o f the fifth and fourth lumbar vertebra had 

been removed. At follow-up examination two years later, the neurological 

picture was unchanged. The bladder incontinence, however, had become reduced 

and the pain in the back had disappeared. The olisthctic vertebral body had 

rotated to some extent, being n o w in close contact with the ventral surface of 

the sacrum. 

In spondylolisthesis, a cauda equina syndrom.e is rare. There are cases reported 

in the literature by Adkins, Arden, Hulbert, Newman, Prip-Buus and Turney. 

Marked compression of the cauda does not, as a rule, occur, even though cases 

o f total olisthesis are not rare. Pronounced instability of the lumbar region in 

serious olisthesis might, in exceptional cases, result in such a static condition in 

the lumbosacral region that the spinous process of the fourth lumbar vertebra 

transfers the weight of the trunk to the cauda, which becomes compressed in 
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Fig. 5. 14 year old girl with a cauda equina syndrome. Total olisthesis of the fifth lumbar vertebra. 
Spina bifida and unilateral lysis of the arch were present. 

a frontal direction. Under such circumstances the spina bifida in the case described 

above might be of significance. The sacrum, was vertical, a condition which 

may often be observed in cases of severe olisthesis. 

Radiating pain and neurological symptoms in the lower extremities in children 

and adolescents should imirediately lead to suspicion of spondylolisthesis. 

RADIOGRAPHIC STUDIES O N SLIPPING OF VERTEBRAE 

The degree o f slipping in 8 5 operatively treated cases is shown in table VII. 

Olisthesis o f the fifth lumbar vertebra occurred in 6 7 cases, o f the fourth lumbar 

vertebra in 1 5 cases, and spondylolysis without slipping in 3 cases. There was 

lesion of two vertebrae in 4 cases. The distance was measured from the dorsal 

TABLE VII 

Degree of slipping in relation to location of the lesion 

L3 L4 L5 Total 

0 mm lysis 2 4 I 7 
Less than 1 0 mm (Meyerding's grade I) — 1 2 2 4 3 6 
II—20 mm » » 11 — 3 2 0 2 3 
2 1 — 3 0 mm » » III — — II II 

Subtotal or total » » IV — — 1 2 1 2 

-> 1 9 6 8 8 9 
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lower corner of the olisthetic vertebral body to the upper dorsal corner of the 

distally situated vertebral body or sacrum respectively. Comparing the figures 

obtained with Meyerding's scheme, a slipping of less than lO m m . corresponds 

to Meyerding's grade I, i i — 2 0 m m . to grade II, 2 1 — 3 0 m m . to grade III, sub­

total or total oHsthesis to Meyerding's grade IV. In this connection I did not 

consider it nesessary to use more exact methods o f measurement o f the olisthesis, 

such as those described by Hagelstam and Marique, for instance. 

It is seen from the table that the slipping o f the fourth lumbar vertebra does 

not exceed 2 0 m m . The degree of slipping in relation to the age of the patient 

is shown in table VIII. 

T A J Í L E V I I I 

Decree of slipping in relation to ai^c 

Less than 11—20 21—30 Subtotal _ Lysis , Total 
10 mm mm mm or total 

1 0 — 1 9 — I X 2 S 1 2 

2 0 — 2 9 _ 5 3 3 2 13 

3 0 — 3 9 2 [3 5 3 2 2 5 

4 0 — 4 9 I 1 2 8 3 — 2 4 

5 0 — 5 9 •• — 5 (> — — I I 

3 3 6 23 I I 1 2 85 

It is evident that the degree o f slipping does not increase with increasing age. 

The largest number o f subtotal and total olistheses occurs in the youngest age 

group. This tallies with Friberg's observation and indicates that during the 

growth period the olisthesis progresses to a certain degree and does not sub­

sequently increase save in exceptional cases. W h y the slipping may be arrested 

at any degree of displacenient has not been explained. Bosworth & al. believed 

that the spondylolytic arch constitutes a stabilizing factor. They further thought 

that in certain cases the spinous process o f the olisthetic vertebra extrudes back­

wards, contributing to stabilization by being squeezed against the spinous process 

of the cranially situated vertebra. In my opinion the arch, and particularly the 

ligaments attached to it, such as the ligamentumflavuni, and, in cases of spondylo­

lysis, the tense fibrous tissue o f the defect, constitute stabilizing factors in the 

movement o f the vertebra, also affecting the stabihty of the disc. It is natural 

that the degree o f stability provided by the dorsal vertebral structures varies 

from case to case. The arch cannot arrest the slipping during the growth period, 

and is not likely to do so even later. Bosworth observed progressive olisthesis 

in 1 9 cases out o f 6 3 in which laminectomy and fusion had been performed. 

The average progression was 1 6 . 5 per cent. Bosworth did not mention the age 

of the patients but stated that there seemed to be no relation between the age 
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Fig, 6, 13 year old boy. Subtotal olisthesis of the fifth lumbar vertebra. The vertebral body is 
low particularly in its dorsal portion and the ventral surface of the sacrum is rounded off. The first 
sacral vertebra is lumbalized (A). Four years later slipping has continued, the olisthesis being now 

total (B), 

of the patient and the progression of slipping. Taillard demonstrated that pro­

gression may take place during the growth period despite solid dorsal fusion. I 

have made similar observations to which I shall return later. Bosworth mentioned 

that slipping was progressive only in cases in which the arch had been removed 

in connection with fusion operation and he believed this to be the cause of the 

progression. I have observed increased sHpping in adults in i case after spondylo-

desis and in 7 cases after laminectomy without fusion. In 6 cases the slipping 

was 3 — 4 m m . and in 2 cases 6 m m . I believe this increased slipping to be due 

in most cases to the disc degeneration. The instabiHty o f the disc increases after 

laminectomy when the stabilizing dorsal structures have been removed. In 

flexion-extension radiogram.s after laminectomy, I have, in certain cases, been 

able to observe increased instability. Progressive olisthesis of the fifth lumbar 

vertebra was observed in 7 adolescents aged 1 3 to 1 8 years. In 5 of these, the 

progression took place after operation. 

During a 4-year period of observation, a 13-year-old boy showed a progression of the 
olisthesis from grade III to total olisthesis (fig. 6 ) . There was further spina bifida of the 
lumbar vertebrae caudally of the third lumbar vertebra and of the entire sacrum. The 
first sacral vertebra was lumbalized. Bilateral spondylolysis was established. The fifth 
lumbar vertebral body was lower than the fourth, particularly in its dorsal portion and 
the vertebral surface of the sacrum was rounded off Where such changes have taken 
place the danger of progression of the olisthesis is great (Taillard, Bosworth, and others). 
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Fig. 7. 1$ year old girl. Subtotal olisthesis of the fifth lumbar vertebra (A). Three years later (B) 
the vertebral body has rotated somewhat and slipped slightly caudally. The shape of the upper surface 
of sacrum has changed and a console has developed. There is marked retroposition of the fourtii 

lumbar vertebra. 

A 15-year-old girl had subtotal olisthesis in the fifth lumbar vertebra with elonganon 
of the arch and uncertain spondylolysis (fig. 7 ) . Three years later the vertebral body 
had rotated somewhat in a ventral direction and there was a slight caudal displacement. 
The shape of the upper surface of the sacrum had changed, it was now plane and a console 
had developed. It was improbable that the slipping would continue in this case after 
these reparative changes had taken place in the sacrum. Because of the presence of sciatia 
exploration was performed and it appeared that the arch of the fifth lumbar vertebra 
was stable and there was evidently not spondylolysis. The arch of the fourth lumbar 
vertebra, which seemed to compress the dural sac, was therefore removed. At follow-up 
examination one year later, the olisthesis was unchanged. The patient still had periodic 
radiating pain and back-acbe. 

The figure shows retroposition o f the fourth lumbar vertebra, a common 

finding in high-grade ohsthesis, and resulting from degeneration and instability 

of the cranial disc. 

In a 16-year-old boy there was olisthesis of 2 5 mm of the fifth lumbar vertebra (fig. 8 ) . 
There seemed to be spondylolysis. At follow-up one year later, the vertebral body had 
rotated somewhat in a ventral direction and the slipping had increased by some mm. 
Dorsal fusion was performed and at follow-up 3 years later the slipping was unchanged, 
the presacral disc bad become somewhat flatter and a console had developed in the sacrum. 
There was elongation of the arch but no lysis was now visible. In this case healing 
of the spondylolysis may have taken place. The graft was solid between the third lumbar 
vertebra and the sacrum but showed non-union between the second and third lumbar 
vertebra. The patient was symptom-free in light work. 
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Fig. 8. i6 year old youth. The fifth lumbar vertebra is ventrally displaced 25 mm (A). The vertebral 
body has a trapezoid shape. There seems to be a defect in the neural arch. One year later (B) the 
vertebral body has rotated slightly and the slipping has somewhat increased. Dorsal fusion was 
performed. Three years later (C) the slipping is unchanged. There is elongation of the arch but the 
defect is now not visible, healing of the lysis may have taken place. The presacral disc has become 

lower and there is retroposition of the fourth lumbar vertebra. 
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Fig. 9. 7 year old boy. The fifth lumbar vertebra is slightly ventrally displaced. Hypoplasia of the 
neural arch, no certain defect (A). Three months later there is a wide defect (B) which is located 
more ventrally than was expected. This suggests that the osteolytic process can affect different parts 

of the arch. 

In the present series, a y-year-old boy was the only patient under 1 0 yeai.; aiul this 
case will therefore be described. There was displacement of the fifth lumbar vertebra 
of some mm. (fig. 9). Elongation and hypoplasia of the arch were present, spondylolysis 
being uncertain. Three months later wide spondylolysis was observed, being, however, 
located more ventrally than is commonly the case and in front of the point which in 
the previous picture seemed to be the site of the lesion. This would indicate that difFercnt 
parts of the dysplastic arch may be affected by the osteolytic process. The previous case 
and other observations suggest that the process might be reversible. Brocher compared 
the changes in the spondylolytic arch with infantile coxa vara, in which similar changes 

If we compare oHsthesis with progression during the growth period and 

olisthesis of about the same degree but in which the progression has become 

arrested, we arc faced by the question o f what mechanism stops the progression. 

A 28-year-old man exhibited olisthesis of the fifth lumbar vertebra of 2 0 mm. and 
bilateral spondylolysis (fig. 1 0 ) . The vertebra! body was flattened, being lower dorsally. 
The upper sacral surface was rounded, and the beginning of a console could be observed. 
Dorsal fusion was performed. Eight years later slipping was unchanged; there might 
possibly have been slight rotation of the vertebral body. A marked console formation 
could now be seen. 
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Fig. 10. 28 year old man. The fifth lumbar vertebra is ventrally displaced 20 mm (A). The vertebral 
body has a trapezoid shape, the upper surface of sacrum is rounded off. There is a beginning consol. 
Dorsal fusion was performed. Eight years later (B) the slipping is unchanged, a slight rotation has 

possibly taken place. A marked consol can now be seen. 

In the age group 1 0 to 1 9 years, 1 2 patients were operated on. In 1 0 cases, 
8 dorsal and 2 ventral, spondylodcsis was performed. In 2 cases exploration 
and laminectomy alone were performed. In 7 cases the olisthetic vertebra ex­
hibited no progression of the olisthesis after fusion. The degree of ohsthesis 
was 1 5 — 3 0 mm. in f ive of these cases, while subtotal ohsthesis was observed in 
2. It can been assumed that progression was arrested by means of dorsal fusion 
in the five first-mentioned cases. There was increased slipping in 5 cases, how­
ever, despite the fact that fusion had been carried out in 4 . In all these cases 
there had been considerable preoperative olisthesis classified as subtotal. Follow-up 
examination of these patients showed that total olisthesis had taken place. Fig. 1 1 
illustrates such a progression. 

The patient was a 15-year-old boy with subtotal olisthesis. The first radiogram shows 
the condition 6 weeks after operation. Dorsal fusion with two tibial grafts was carried 
out in connection with laminectomy of the arches of the fourth and fifth lumbar vertebra. 
Follow-up exammation 2 years later showed total olisthesis; the well-healed grafts had 
bent shghdy. Spondylolysis was no longer visible. There was considerable retroposition 
of the vertebral bodies of the third and fourth lumbar vertebra and the third and fourth 
lumbar discs were widened in their ventral portions. 

Taillard observed progression in 1 2 out of 5 0 cases at the age of 1 0 to 2 0 years. 
Dorsal fusion had been carried out on 4 7 patients but this measure did not prevent 
increased slipping in these twelwe cases. In 7 cases reposition of the olisthetic 
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Fig. I I . 15 year old boy. Subtotal olisthesis of the fifth lumbar vertebra. Dorsal fusion with bilateral 
paraspinal grafts was performed six weeks earlier (A). Two years later (B) slipping has continued 
and the olisthesis is now total. The graft is slightly bent. There is retroposition of the third and 

fourth lumbar vertebra and the discs are deformed. 

vertebral body succeeded but it remained stable in one case only, v̂ ĥile in 
the remaining cases progression recurred despite spondylodesis. According to 
Taillard, a trapezoid shape of the olisthetic vertebral body and a rounded off 
upper sacral surface are factors particularly predisposing to progressive slipping. 



O P E R A T I V E T R E A T M E N T 

CLINICAL DATA CONCERNING 8 5 OPERATIVELY TREATED PATIENTS 

The age and sex o f the patients are given in table I X . 

TABLE IX 

Age and sex of the operatively treated patients 

10—19 20—29 30—39 40—49 50—59 Total 

Men 7 I I 1 3 1 2 5 4 8 
Women 5 2 1 2 1 2 6 3 7 

1 2 1 3 2 5 2 4 I I 85 

The table shows a slight predominance of men, particularly of the ages of 

2 0 to 2 9 years, which is probably due to the fact that, at this age, the men have 

taken up heavy work which provoked the symptoms. 

O f the patients, 5 3 did heavy work and 1 8 women did housework. There 

were 1 4 patients who were cither adolescents of school-age or individuals who 

did light work. 

The duration o f symptoms before the patients presented for treatment was 

less than one year in 2 1 cases, i to 5 years in 4 2 cases, 6 to 1 0 years in 

1 6 cases and more than 1 0 years in 6 cases. 

The age o f the patients at the onset o f symptoms is shown in table X . 

TABLE X 

Age at onset of syniptoms 

Age 0—9 10—19 20—29 30—39 40—49 50—59 

Ninnber i 1 8 1 8 2 8 1 7 3 

The average length of the history was 4 years. The table includes 1 8 patients 

who stated that the symptoms occurred after a trauma. The history of these 

patients was short, as a rule. It is evident, as was also pointed out by Friberg, 

that the subjective symptoms are not very severe, seeing how late patients seek 
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medical aid. In contrast to Friberg's observations, among these 8 5 patients, 

the distribution o f the time o f onset of symptoms showed no preponderance 

in younger age groups. The frequency of trauma ( 1 8 / 8 5 ) was considerably 

higher ( 2 1 % ) in the operatively treated cases than in the entire series ( 6 . 4 % ) . 

B y producing a temporary insufficiency o f the supporting soft tissues, such as 

ligaments, muscles and the fibrous tissue o f the pars interarticularis, trauma 

becomes the releasing factor in the occurrence of pain in spondylolisthesis. This 

opinion is held by a great number of authors (Lewin, Liechti, Köhler, Friberg, 

Brocher, Taillard, and others). 

In Fhiland, the insurance companies do not, as a rule, pay out compensation 

to those patients in w h o m a pain condition o f the back occurs after some slight 

trauma, if spondylolisthesis is simultaneously present (Brofeldt). So-called 

muscular rupture and iiijury to ligaments as well as traumatic lumbago, however, 

are as a rule compensated if the pain condition occurred suddenly in connection 

with some particularly heavy task which differed from the patient's usual work. 

In conformity with this, such injuries occurring in patients with spondylolisthesis 

should be compensated, particularly if the patient, as often is the case, has previ­

ously been symptomfree. The compensation should be paid for a limited period. 

Preoperative incapacity for work during periods o f varying length had existed 

in 2 7 , partial incapacity in 5 2 cases. 6 patients had been able to do their ordinary 

work. 

In 2 6 cases the operative indication consisted of continuous pain in the lumbar 

region and in 5 9 cases o f signs o f root irritation. These symptoms are described 

in tables IV and V . The majority of the patients had received conservative treat­

ment prior to operation but without effect. 4 3 patients had been treated with 

a surgical corset and 2 with a plaster jacket. 

The location o f lesion and the degree of slipping are shown in table VII. 

In 7 7 o f the 8 5 operatively treated cases, the time of observation was more 

than one year. The results o f treatment are based on follow-up examination of 

these patients. 3 patients had previously been operated on in other hospitals, 

dorsal fusion havmg been carried out in two cases and exploration on account 

of suspected prolapse in one. The operations performed were: 

Dorsal fusion without exploration 3 3 cases 

Dorsal fusion with exploration or laminectomy . . . . 1 3 » 

Ventral fusion without exploration 7 » 

Laminectomy alone 3 2 » 

8 5 cases 
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OPERATIVE FINDINGS 

Slight hypoplasia o f the spondylolytic arch occurred in a number o f cases. 
The arch was mobile in a cranial-caudal direction to a varying degree, except 
in 3 cases where the arch was stable and where there was evidently no spondylo­
lysis. Unilateral lysis was observed in one case in which there was also spina 
bifida. N o significant hypoplasia o f the sacral facets could, as a rule, be observed. 
The ligamentum flavum was thickened, particularly in its cranial portion, an 
observation also made by Bosworth. When, in a number o f cases, the spondylo­
lytic arch was manipulated in different directions from the spinous process during 
the operation, which was carried out uiider local anaesthesia until lumbal anaes­
thesia was later given, the patients did not report any pain in the back, nor 
any radiating pain. This is contrary to the cHnical finding when patients often 
report pain in the back on pressure upon the spinous process o f the spondylolytic 
vertebra. This, in my opinion, seems to indicate that, to some extent at any rate, 
the pain in the back originates in muscles and ligaments, hi similar experiments 
Taillard was able to elicit both back pain and radiating pain from the inter­
vertebral joints. 

There were in some cases adhesions between the dura and the ligamentum 
flavum. In advanced olisthesis the arch was forwardly rotated owing to the 
pull exerted by the cranially situated vertebra. As was pointed out by Bosworth, 
the distance between the fourth lumbar vertebra and the sacrum was considerably 
shortened in these cases. The pars interarticularis was filled with fibrous tissue 
of varying volume. N o evident pseudarthrosis was found but in two cases bony 
islands were observed in the fibrous tissue. Mucoid degeneration, such as was 
observed by Adkins, was not seen. There was no significant hyperplasia o f the 
fibrous tissue, neither had Bosworth observed any. In severe olisthesis o f the 
fifth lumbar vertebra, the cauda was often compressed from behind by the arch 
of the fourth lumbar vertebra, an impression furrow being observed in 2 cases. 
Snellman observed a case in which the dural sac was compressed both dorsally 
and from either side by the ligamentum flavum. In one o f my cases with a cauda 
equina syndrome already described, the dural sac was highly compressed in a 
frontal direction. Severin assumed that in olisthesis, sciatica may occur because 
of pressure from behhid on the cauda. 

Root compression 

The operative findings concerning root compression are based on 4 5 explora­
tions. Disc protrusion was observed twice ( 4 % ) . The prolapse was situated in 
the interspace between the third and the fourth lumbar vertebra in one case 
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and between the fourth and the fifth lumbar vertebra in the other. The site 

of the prolapses bore no relation to the neurological findings. However, the 

patients were symptom-free after the operation. Before the operation for pro­

lapse, dorsal fusion had been carried out on one patient. Five years after the 

second operation, there was fracture of the graft and the radiating pains recurred. 

hi their series o f spondylolisthesis, Bosworth and Adkins both had two cases 

of prolapse. Meyerding found 7 prolapses m 1 4 3 operated cases ( 5 . 5 % ) . Disc 

protrusion may thus constitute the reason for sciatica in spondylolisthesis but 

this is rare. These are cases of olisthesis o f slight degree. Adkins quite rightly 

pointed out that owing to the circumstance that the olisthctic vertebra is dis­

placed forwards, the intervertebral foramen actually becomes enlarged and the 

disc lies far ventrally. As already mentioned, retroposition of the cranially situated 

vertebra may often be observed. W h e r e the degree of olisthesis is slight, the 

dorsal lower margin of the retropositioned vertebra, where there is often osteo­

phyte formation, may cause constriction of the intervertebral foramen. This 

has been observed by Adkins, among others. In pseudospondylolisthesis, where 

the whole vertebra is forwardly displaced, the possibihty of root compression is 

evident (Macnab, Adkins). 

Adhesions to the roots, possibly caused by the fibrous tissue in the pars inter-

articularis, were observed in 6 cases. The adhesions were bilateral in 2 cases, and 

unilateral in 4 . In these cases the roots were freed at operation. In 5 of these 

cases mere laminectomy of the spondylolytic vertebra was performed. The 

symptoms were alleviated in 2 cases but there was still periodic radiating pain. 

In 3 cases the relief was insignificant and even light work provoked increased 

symptoms. O n the remaining patient dorsal fusion had previously been carried 

out and exploration was subsequently made because of root symptoms. There 

was relief after the last operation but he still had radiating pain from time to time. 

W h e n there are visible changes in the roots, Adkins and Idelberger & Pia suggest 

dorsal rhizotomy to prevent recurrence of the symptoms. In none of the remaining 

cases o f laminectomy or exploration ( 3 9 / 4 5 ) could compression or irritation of 

the roots be observed. It should be mentioned in this connection that successful 

fusion also brings relief of the radiating paui, a fact which was stressed by Taillard, 

among others. I have already mentioned that bilateral or unilateral absence of 

the ankle jerk is a common symptom in severe olisthesis of the fifth lumbar 

vertebra and that this may be due to stretching of the roots. Idelbcrger & Pia 

are of the same opinion. 

All these observations seem to indicate that the fibrocartilaginous tissue in the 

pars interarticularis in spondylolysis and olisthesis does not directly compress the 

roots, as was suggested by Gill & al. I agree with Adkins, however, that irritation 
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of the roots by the fibroirs tissue occurs in some cases. I beUeve, however, that 
instabiHty of the spondylolytic vertebra and the adjoining discs as such may 
give rise to irritation of the roots, thus producing radiating pain and, in certain 
cases, neurological symptoms. The backache is caused by the instability which 
results in sensations of pain from the hgaments and the intervertebral joints. 
Degeneration of the disc may cause pain from the posterior longitudinal hga-
ment (Wiberg, and others). 

After laminectomy without fusion, there occurred, as was already mentioned, 
progression of the slipping in 7 out of 2 6 cases followed-up. 6 of these patients 
were adults, the average age being 4 0 years. The increase of the slipping was 3 
to 6 mm. and, in my opinion, was due to increased instability after laminectomy 
of the spondylolytic neural arch. 

These findings seem to indicate that laminectomy without simultaneous 
fusion should be carried oat in exceptional cases only. This operation is, how­
ever, indicated in pseudospondylolisthesis with signs of root compression. 

OPERATIVE METHODS 

To achieve dorsal fusion, unilateral, paraspinal grafts from the tibia or the 
crest of the ilium as described by Albee, together with cancellous bone chips 
were used as a rule. In some cases bilateral grafts were employed. When a tibial 
graft was applied, it was generally long and fusion was carried all the way 
from the spinous process of the second or third lumbar vertebra to the first 
or second sacral vertebra. Latterly, iliac grafts have been most commonly used, 
in some cases in the shape of H-grafts (Bosworth). The number of dorsal fusions 
with or without exploration or laminectomy was 4 5 . In one case with marked 
lumbar scoliosis, a tibial graft was inserted between the crest of the iHum and 
the transverse process of the first lumbar vertebra on the concave side. Tibial 
grafts were applied in 1 9 cases and iliac grafts in 2 1 cases of primary operation. 
In 4 cases, parts of the spondylolytic arch were used for fusion and in one case 
Hibb's operation with bank bone was performed. In 7 cases ventral transperi­
toneal spondylodcsis was carried out. 9 cases were reoperated upon. There was 
infection in 3 cases and in one of these the graft was expelled. There were no 
other comphcatioiis. The period of observation of the cases in which fusion 
was performed was 3 to 1 0 years, 6 years on average. The after-treatment was 
not homogeneous. All patients were confined to bed for 6 weeks after operation. 
About half the patients were then allowed to get out of bed without a supporting 
brace while some patients were given plaster jackets for two months and the 
remaining patients a surgical corset for 6 months to i year. 
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Consolidation of the graft 

Of the 5 3 fusion cases, 5 1 were followed up. Primary consolidation had taken 
place in 1 9 out of 5 1 cases ( 3 7 % ) . ConsoHdation of the area involved (third 
lumbar to first sacral, fourth lumbar to first sacral respectively) was achieved 
in 4 cases, in which, however, pseudarthrosis of the graft occurred at a higher 
level owing to too long a graft. Consolidation was considered uncertain in 
1 0 cases, while pseudarthrosis was present in 1 8 cases, 9 of which were reoperated 
upon. The frequency of uncertain consolidation and non-union was thus 3 2 / 5 1 
( 6 3 % ) . 

The functional results of the operative treatment were classified in accordance 
with Friberg's scheme as follows; 

Group I Free from trouble in all work 

II Free from trouble in light work 
III Troubled even in light work 
IV Disabled 

The functional results in relation to fusion of the graft in 5 1 cases of dorsal 
or ventral fusion are seen in table XL 

TABLE XI 

Functional results in relation to fusion of the graft 

„ . Non-union ^ . Re-operated 
Result , , Fusion · r 

c J above the ^ . Non-union on tor non-
Graft fused , uncertain 

actual area union 

I 9 — — I I 

II 9 4 1 0 7 4 

III I — — I 4 

1 9 4 1 0 9 9 

The table shows the best results after good fusion of the graft, but satisfactory 
results were also obtained when fusion was uncertain or when pseudarthrosis 
was present. In Friberg's and Meyerding's series the same observation was made. 
This evidently depends on the fact that even a non-fused graft produces stability 
of the lower lumbar spine and relief of symptoms in many cases (Friberg, and 
others). In such cases, stability of the lumbar discs could also be demonstrated 
in flexion-extension radiograms of the spine. A small number of patients, how­
ever, had marked symptoms due to the pseudarthrosis. At clinical examination, 
the patients often reported pain at the exact site of the pseudarthrosis. The case 
which was referred to group III despite solid fusion of the graft, was of a youdi 
who showed progressive slipping despite fusion and bending of the graft (fig. 11). 
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After ventral spondylodesis in 7 cases, consolidation took place in 2 cases, fusion 
was uncertain in 3 cases and there was no fusion in 2 cases. In those 4 cases 
in which pieces of the removed spondylolytic arch had been used for fusion, 
no consolidation could be observed, as was to be expected. The graft inserted 
between the crista and the transverse process of the first lumbar vertebra ex­
hibited non-union at its lower attachment to the crista (fig. 3 ) . 

The frequency of non-union was very high ( 6 3 % ) Other series also show a 
high frequency of disturbances in consohdation after fusion for spondylolisthesis. 
Hammond &i al. reported a frequency of 6 0 per cent. Newman reported that 
in 1 0 0 cases, in which dorsal fusion according to Steindler's procedure had been 
carried out, the frequency of pseudarthrosis was 3 4 per cent. The patients were 
therefore confined to bed after operation for 1 2 weeks instead of 6 . Taillard 
reported uncertain fusion and pseudarthrosis in 5 3 per cent of cases after dorsal 
fusion with a double paraspinal graft in 4 7 cases in which the age of the patients 
was under 2 0 years. Ingebrigtsen observed pseudarthrosis in 7 out of 2 2 cases, 
Wilson in 2 4 . 3 per cent of 3 5 cases. Bosworth, however, obtained excellent 
results with his H-graft. Out of 7 3 patients, 6 2 showed primary consolidation 
(85%). Owing to poor results of dorsal fusion and dorsal intercorporal fusion, 
Adkins decided in future to carry out intertransverse fusion (Mathieau). 

Owing to the high frequency of pseudarthrosis, m.any authors have prolonged 
the time of confine ment to bed after operation. Others recommend a plaster 
jacket as aftertreatment. By this method pseudarthrosis may be prevented in 
some cases. My cases of pseudarthrosis above the involved area show that too 
long a graft should not be applied. Follow-up examinations revealed, som.ewhat 
surprisingly, that better results were obtained by tibial than by iliac grafts. 
However, Bosworth's method seems to give very good results. Those of our 
cases in which this method has been applied are too recent to allow of any 
conclusions. It is sometimes difficult to determine the degree of consolidation 
radiologically, since the graft can be difficult to visuahze in pictures. 

Ventral transperitoneal spondylodesis 

The number of operations was 7 , 6 of these being performed by the former 
head of the hospital, the late Professor F. Langenskiöld. 2 patients were under 
20 years, 5 were aged 4 0 to 6 0 years. These cases will be described in greater 
detail since experience of this method is rare. The method was first described by 
Capener. According to Ingebrigtsen ( 1 9 5 3 ) , the number of reported cases was 6 3 . 

3 operative fatalities have been reported. There were no postoperative comph-
cations in our 7 cases. There was olisthesis of the fifth lumbar vertebra in all 

3 — Laurent 
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Fig. 12. i6 year old girl. Subtotal olisthesis of the fifth lumbar vertebra (A). A ventral trans­
peritoneal fusion with an iliac graft was performed. Eigthteen months later (B) the lumbosacral fusion 

is sound. The slipping is unchanged. 

cases. The degree o f shpping was less than l o mm. m 2 cases, and 2 5 — 3 0 mm. 
in 3 cases, being subtotal in 2 cases. 

In 5 cases a 1 0 mm. hole was made with a pneumatic drill through the ohsthetic fifth 
lumbar vertebra into the first sacral vertebra, this hole being filled in 4 cases with autog­
enous chips and in addition, in one of these, with bank bone. In the fifth case an 
iliac graft was inserted into the hole. In one case a furrow was made into the caudal 
surface of the fifth lumbar vertebra and an iliac graft, supported against the sacrum, 
was inserted into the furrow. In the last case an iliac graft was applied between the 
caudal surface of the olisthctic vertebra and the sacrum after removal of the interposed 
soft tissues. This was a case of subtotal olisthesis. In this case consolidation took place 
(fig. 1 2 ) . 

In another case o f subtotal olisthesis, in which chips and bank bone were 
inserted into the drill hole, consolidation likewise took place. Consolidation was 
uncertain m 5 cases but no instability in the lumbo-sacral joint could be demon­
strated. In one o f the cases reoperation with a dorsal graft was performed 3 months 
after the ventral spondylodesis since there had been no relief o f the symptoms, 
This operation, however, was followed by infection and at follow-up examina­
tion 3 years later the dorsal graft exhibited multiple pseudarthroses, the ventral 
graft being, even though uncertainly, solid. 

The functional results after ventral spondylodesis were all referred to group II. 
They were thus not better than those obtained by dorsal fusion. The procedure 



35 

is often technically diificult and there is a risk of complications. Consolidation 

of the graft seems to be quite as difficult to attain as in dorsal fusion. Progression 

of the slipping was prevented, however, in one case (fig. 1 2 ) , in which the age 

of the patient was 1 6 years and in which there was a danger of continued sHpping. 

This method is thus not to be recommended as a routine but in cases in which 

total dislocation of the vertebra threatens, it may possibly better prevent such 

dislocation than would dorsal fusion. This may particularly apply to cases in 

which reposition of the ohsthetic vertebra was possible and in which redislocation 

despite dorsal fusion m.ay occur (Taillard, Friberg). Since attempts at reduction 

have not been made in the present series, I have no experience of such treat­

ment. In 7 cases out of 1 2 , it was possible, however, as was already mentioned, 

to prevent progression by dorsal fusion in the age group 1 0 to 1 9 years. 

RESULTS OF OPERATIVE TREATMENT 

The functional results in 5 1 cases of dorsal and ventral spondylodcsis are seen 

in table XII. The period of observation was 3 to 1 0 years. 1 6 patients used 

a corset. 

TABLE XII 

Functional results of ¡1 cases treated by dorsal or ventral fusion 

Lysis L4 Olisthesis L4 Olisthesis L5 Total Corset 

Group I — 2 9 I I — 
» II I 2 3 0 3 3 1 0 

» I I I — 2 5 7 6 
» I V — — — — — 

I 6 44 5 1 1 6 

The results of 2 6 laminectomies without fusion are seen in table XIII. The 

period of observation was i to 2 years. 

TABLE XIII 

Functional results of 26 cases treated hy laminectomy without Jusion 

Lysis L3 Olisthesis L4 Olisthesis L5 Total Corset 

Group I — — I I — 
» I I I 6 9 1 6 6 

» I I I — 2 5 7 4 
» IV — — 2 2 2 

I 8 1 7 2 6 1 2 

Tables XII and XIII show that the results after fusion, despite the high fre­

quency of pseudarthrosis, were considerably better than after laminectomy. 
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If the results are divided into groups I and II, satisfactory, and groups III and IV, 

unsatisfactory, the following figures are obtained: O f the fusion cases 4 4 / 5 1 

were satisfactory ( 8 6 % ) and of the lanutiectomy cases 1 7 / 2 6 ( 6 5 % ) . T w o lamin­

ectomy cases but no fusion case were referred to group IV. 

' Even though in two-thirds o f cases the laminectomy patients obtained con­

siderable relief from radiating pain, the backache persisted in all cases. However, 

hospitalization and convalescence were, as a rule, c f considerably shorter duration 

for laminectomized patients. 1 2 patients used a corset after the operation. 

Although the number o f laminectomized patients examined is small and the 

period of observation short, it seems that laminectom.y without subsequent 

fusion is indicated in exceptional cases only. Such cases would then be older 

persons employed in Hght work and exhibiting signs o f root irritation. Backache 

does not seem to be alleviated by laminectom.y and this is hardly to be expected. 

The good resuhs obtained by Gill et al. and King et al. could not be corroborated 

in the present series. 

In table X I V the functional results in different degrees of oHsthesis are compared. 

TABLE XIV 

Ftincliotial results in relathii to the degree of slipping in 7 7 cases 

, Less than 11—20 21—10 Subtotal _ , . 
Lysis ^ , Total 

10 mm mm mm or total 

Group I — 5 3 4 — 1 2 

» Π 2 1 4 1 9 4 1 0 4 9 

» i n — 9 3 — 2 1 4 

» IV . - I I — — 2 

2 2 9 2 6 8 1 2 7 7 

It appears from the table that the degree of slipping is of no consequence 

as regards the functional results o f treatment. This tallies with Friberg's and 

Meyerding's observations. 

Table X V gives the results o f treatment in all the 7 7 followed-up cases in which 

either fusion or laminectomy was performed. 

TABLE X V 

Functional results of 7 7 cases treated by fusion or laminectomy 

Group I Π III IV Corset 

1 2 4 9 1 4 2 2 8 

Satisfactory results (group I and II) were obtained in 6 1 / 7 7 cases ( 7 9 % ) . 

unsatisfactory cases amounting to 1 6 / 7 7 ( 2 1 % ) · 2 8 patients stated that they still 

used a corset. 
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Meyerding achieved satisfactory resuhs by fusion treatment of spondylohs-
thesis in 8 8 . 1 per cent of 1 3 8 cases. Bosworth stated that of 7 3 patients on whom 
fusion with an H-graft had been carried out, 8 9 per cent were symptom-free. This 
is an excellent result. Friberg obtained satisfactory results in 3 6 out of 4 4 cases 
treated by fusion ( 8 0 . 4 per cent). Satisfactory results of conservative treatment 
in Friberg's series constituted 8 0 per cent ( 1 1 5 / 1 4 3 ) . These figures are not com­
parable, however, since the most difficult cases are chosen for operative treat­
ment, a fact also stressed by Friberg. 

Of the 8 0 9 cases of the present series, 8 5 ( 1 0 . 5 % ) were treated surgically. Of 
8 7 0 cases diagnosed at the Mayo Clinic during the period 1 9 2 2 — 1 9 4 0 , 1 4 3 

( 1 6 . 3 % ) were operated on, according to a statement by Meyerding. It is probable 
that some of the patients who were not admitted to our clinic for operative 
treatment, have been operated on at other hospitals. The majority of the cases, 
however, did not return to the clinic after the first visit, which indicates that 
the patients were satisfied with the conservative treatment prescribed, which, 
as a rule, included a surgical corset. For younger patients, training for a suitable 
occupation has been provided. The Rehabihtation Centre of the Invalid Founda­
tion includes an vocational school for the disabled. 

In spondylolisthesis, the nature and the duration of the pain are the factors 
determining the indications for operative treatment, a fact which has also been 
stressed by Brocher, Friberg, Marique, and others. Conservative treatment in 
the shape of rest, physiotherapy and a plaster jacket or a corset should always 
be considered first. The results are often satisfactory, as shown by Friberg, and 
others. 

In spondylolisthesis in children and adolescents the problem is somewhat 
different. In most cases there is no severe progression of the olisthesis and these 
patients, in my opinion should be treated conservatively, particularly if the 
subjective symptoms are mild. Repeated follow-up examinations are necessary, 
however, in these cases. In the choice of occupation, the lesion should be taken 
into consideration. Where there is a threat of total luxation of the oHsthetic 
fifth lumbar vertebra, wliich leads to deformity of the back and, in girls, to 
obstructed labour in some cases, spondylodesis is indicated. In such cases attempts 
at reduction may be made (Taillard, Friberg, Watson-Jones). The occurrence of 
reluxation despite sohd dorsal fusion possibly indicates that ventral fusion might 
give better results in some cases. In pain condidons which do not respond to 
conservative treatm.ent, operation is naturally also indicated in this age group. 



D I S C U S S I O N O N E T I O L O G Y A N D P A T H O G E N E S I S 

Numerous observations have shown that considerable progression o f the 
olisthesis may take place during the growth period while, after the age o f 2 0 , 
progression occurs only exceptionally (Friberg, Taillard, Roche & R o w e , 
Bosworth, Adkins and others). 

According to Brocher, in spondylolisthesis there is dysplasia o f the arch 
arising from a congenital predisposition. The hereditary disposition was excel­
lently demonstrated by Friberg in an investigation o f a family in which 1 5 
o f its 61 members exhibited signs o f spondylolisthesis. Familial occurrence of 
spondylolisthesis has been reported by Bakke, Francillon, George, Wiltse, and 
others. I have observed one family in which the lesion occurred in several mem­
bers. The lesion was in all cases localized to the fifth lumbar vertebra. The mother 
and father and the oldest daughter exhibited olisthesis o f grade I—II. T w o twin 
sons had bilateral lysis without olisthesis and one o f them had, in addition, 
marked juvenile lumbar osteochondrosis (Edgren & Vainio). One daughter had 
a normal back. There were back pains in four o f the cases. When diagnosed 
the children were aged 1 1 to 1 2 years. 

Family with multiple occurrence of spondylolisthesis 

That there is a hereditary predisposition to spondylolisthesis can thus hardly 
be denied. Observations on children indicate that, as a rule, the changes set in 
probably after the age o f five, thereafter sometimes progressing till the age of 20. 
Since, particularly in anatomical series, the frequency o f spondylolysis without 
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olisthesis is comparatively high, it appears that the changes in the arch are primary 
and the olisthesis secondary. Roche and Rowe found unilateral spondylolysis 
in 3 2 out of 1 0 3 cases. The changes in the arch consist, according to Brocher, 
of elongation with or without spondylolysis, and hypoplasia and position anom­
alies of the articular processes. For these changes to become manifest, insuffi­
ciency of the supporting soft tissues, such as muscles and ligaments, is probably 
needed. Langendorff observed progression from spondylolysis to olisthesis in 
3 patients aged 1 2 to 1 5 years. In a 4-year-old boy Newman observed elongation 
of the arch and 2 years later there was a radiologically demonstrable fissure. 
Like Bosworth, I have seen cases which would indicate that the spondylolysis 
is reversible. The changes in the discs and their role in the development of olis­
thesis have been stressed by Müller and Blume, among others. Bosworth and 
Taillard believe that the disc constitutes a factor contributing to the prevention 
of the slipping. Meyei--Burgdorff & Sandmann, on the other hand, consider 
the disc a less stabilizing structure than the arch and that the disc is not the cause 
of the slipping. According to Hirsch, the disc plays a far more important role 
in the stability of the spine than the dorsal formations. If we assume that the 
changes in the arch and the articular processes are primary in spondylolisthesis, 
then these cause an instability which secondarily affects the disc, leading to its 
degeneration and to instability. Why, during the growth period, the progression 
of the olisthesis advances in some cases and is arrested in others, while progression 
as a rule does not occur in adults, might possibly be explained by differences 
in the strength and stability of the caudal disc. In spondylolisthesis in adults, 
marked degeneration, particularly of the disc caudal of the olisthetic vertebra, 
is often present. Reactive changes, such as osteophyte formation, may be 
observed. Console formation of varying degree is often seen in the ventral upper 
corner of the sacrum. The changes seem to be reparative. Investigations by 
Hirsch and Schajowicz, among others, show that during the growth period the 
disc comparatively early attains a compact structure, partly through differentiation 
from the perichondrium and partly through interstitial growth. At the age of 2 5 , 
the annulus fibrosus is completed, being now firmly attached to the cartilaginous 
plate and to the vertebral borders, and at the same time the ossification of the 
vertebra is completed (Köhler, Bick & Copel). This may explain why progression 
no longer occurs in adults. In childhood, however, there is greater elasticity of 
the disc, which may also depend 0 1 1 the fact that the nucleus pulposus has a 
relatively larger volume at this age. The assumption that in spondylolisthesis 
the strength of the disc probably varies would explain the varying degree of 
progression during the growth period. Additional factors affecting the situation 
are variations in the degree of insufficiency of the muscles and ligaments, the 



40 

shape of the oHsthetic vertebra and the shape and position of the sacrum. These, 
which were pointed out by TaiUard, may be secondary changes, however, hi 
highly progressive olisthesis of the fifth lumbar vertebra, the attachment of the 
disc to the cartilaginous plate which separates it from the first sacral vertebra, 
may possibly give way, resulting in slipping at a certain stage between the disc 
and the cartilaginous plate. That there must be high-grade lesion of the discs on 
either side of the olisthetic vertebra is clearly seen in figure 11 . 

Some other theories on the etiology of spondylolisthesis should briefly be 
mentioned; according to Hitchcock, the lesion of the vertebral arch occurs in 
childhood as a result of the stress to which the arch is subjected when the child 
begins to walk and the lordosis of the lumbar spine develops. According to 
Meyer-Burgdorff's theory, too heavy a stress on a previously normal arch will 
result in the occurrence of an »Umbauzone» which develops into spondylolysis. 
Such a lesion may occur at any age. This theory is supported by Unaiider-Scharin s 
case in which spondylolysis developed in a previously healthy arch. The patient 
had undergone fusion because of low back pain and spondylolysis occurred in 
the vertebral arch cranially of the fusion area. A similar case was described by 
Taillard. In my opinion, the congenital disposition in the condition is proved. 
There is hardly any sex differentiation of this disposition. The vertebral changes 
occur during the growth period, the stress upon the spine and the intervertebral 
discs, which stabiHze the spine, playing an important role in the manifestation 
and degree of progression of the deformity. 



S U M M A R Y A N D C O N C L U S I O N S 

During the period 1 9 4 4 — 1 9 5 6 , 8 0 9 cases of spondylohsthesis or spondylolysis 

were observed at the Orthopaedic Hospital of the Invalid Foundation's Rehabili­

tation Centre. The lesion was located in the fifth lumbar vertebra in 7 1 . 1 per cent 

of the cases, in the fourth lumbar vertebra in 2 5 . 1 per cent and in higher lumbar 

vertebrae in 3 . 8 per cent. The number of cases of spondylolysis without olisthesis 

was 5 1 ( 6 . 3 per cent). In 5 2 cases ( 6 . 4 per cent) the onset o f symptoms was 

related to trauma. Ten patients were without subjective symptoms, 5 6 9 ( 7 0 . 3 

per cent) had low back pain only, while 2 3 0 ( 2 8 . 3 per cent) suffered from sciatica 

with or without neurological signs. The number of patients under 2 0 years o f 

age was 5 8 . The lesion was located in the fifth lumbar vertebra in 9 1 per cent o f 

these cases. Sciatica occurred in half o f these cases, more often in patients under 

1 6 years of age. A 14 -year-old girl showed a cauda equina syndrome, and c o m ­

pression o f the cauda was revealed at operation. 8 5 patients were treated surgically. 

The degree o f slipping o f the fourth lumbar vertebra did not exceed 2 0 m m . In 

1 2 cases total or subtotal olisthesis of the fifth lumbar vertebra was present; eight 

of these patients were under 2 0 years of age. A great progression of the olisthesis 

was observed in seven adolescents, the age of the patients being 1 3 — 1 8 years. 

In four o f these the increase in slipping occurred despite dorsal spine fusion. 

A slight progression ( 3 — 6 m m ) was found in seven adults after surgical treat­

ment. In six o f these laminectomy without fusion had been made. The author's 

opinion is that the progression of slipping in these cases is due to increased in­

stability of the discs after the removal of the spondylolytic arch with its supporting 

ligaments. 

Investigation of a family of six ntembers revealed olisthesis or lysis in father, 

mother and three o f the children. This supports the observations o f Friberg 

and points to a congenital disposition to spondylolisthesis. Insufficiency of the 

muscles and ligaments contributing to the stability of the lumbar spine probably 

plays an important role in the manifestation of the lesion. The different degrees 

of slipping of the ohsthetic vertebral body in adolescence possibly depends on 

variations in the the stabihty of the discs at this age. Once the discs have attained 
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their final form at the age of twenty and ossification of the vertebrae is complete, 
no progression occurs as a rule. 

Of the 8 5 patients who were operated on, 5 9 ( 6 9 per cent) had sciatica, 2 5 
of these having jerk disturbances. A combination of symptoms which could be 
explained as root syndrome occurred in twelve cases. In 4 5 explorations or 
laminectomies, disc protrusion was present twice and adhesions to nerve roots 
six times. Direct compression of roots due to the fibrocartilaginous tissue in the 
pars interarticularis was not observed. The author's opinion is that wliilst in 
certain cases root irritation due to the fibrocartilaginous tissue may occur, in 
most cases it is the instability of the spondylolytic vertebra which is responsible 
for the root irritation. The low back pain probably emanates from muscles, 
ligaments and intervertebral joints. The instability seems to increase in some 
cases after laminectomy without fusion. 

Of the 8 5 cases which were treated surgically, 7 7 underwent follow-up exami­
nation. Dorsal fusion with or without exploration was m.ade in 4 4 cases, ventral 
transperitoneal fusion in 7 cases and laminectomy without fusion in 2 6 cases. 
The length of follow-up was 3 — 1 0 years for the fusion cases and i — 2 years 
for the laminectomy cases. Primary consolidation of the graft was achieved in 
only 1 9 cases ( 3 7 per cent), uncertain union or non-union occurring in 3 2 cases 
( 6 3 per cent). The functional results were satisfactory in many cases, however, 
despite uncertain union or non-union. The results of treatment with fusion were 
clearly better than the results of laminectomy without fusion. Satisfactory 
results with fusion were obtained in 4 4 / 5 1 cases ( 8 6 per cent), after laminectomy 
in 1 7 / 2 6 cases ( 6 5 per cent). The degree of shpping did not influence the results. 
The observations indicate that laminectomy without fusion should be performed 
only in exceptional cases. Of all the 7 7 cases followed-up satisfactory results 
were achieved in 6 1 ( 7 9 per cent). The indications for operative treatment are 
longstanding pain in the back or sciatica, which are not relieved by conservative 
treatment. Such treatment should always be tried first. In the case of olisthesis 
in adolescents with danger of total displacement of the vertebral body fusion 
is indicated. Progression can not always be prevented, however, despite fusion 
treatment. 
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