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INTRODUCTION

Slipping of the upper femoral epiphysis has at all times offered a difficult
orthopedic problem with regard to etiology, early diagnosis and choice of
treatment. The problem is particularly important because it affects young
patients for whom the result of treatment is vital for their later years.

From time to time other names have been used for this disease, such as
epiphyseal fracture, adolescent rickets, bending of the femoral neck, adoles-
cent or epiphyseal coxa vara, arthritis deformans juvenilis and femoral osteo-
chondritis of adolescents.

Paré in 1572 is thought to have been the first to describe slipping of the
upper femoral epiphysis (Howorth 1966).

It was not until last century, however, that positive development in diag-
nosis began, and a growing number of descriptions of cases appeared in the
literature. In 1868 Colignon collected all cases presented till then, a total
of 10.

Bousseau in 1867 at an autopsy was the first to note slipped upper femoral
epiphysis in a 15 year-old boy fatally injured by a cart. The autopsy showed
a capital epiphysis completely detached from the femur. Wright in 1887
made a further report from an autopsy affecting a 40 year-old woman. She
had suffered a complete slipping of the capital epiphysis in childhood. Miiller
in 1888 published 4 cases. In one of these the femoral head had been re-
moved because the lesion was considered tuberculous.

At the end of the 19th century more and more reports appeared, each
dealing with 3—4 cases. In 1898 Poland published an extensive monograph
“Traumatic separation of the epiphysis’” containing the cases which had ap-
peared in the literature up to then, 31 in all. He added one case of his own.
All these published cases had been diagnosed without radiological confirma-
tion, on the basis of symptoms, the pathological picture of operative or autopsy
finding alone. After roentgenography came into use in 1895 more cases were
noted and the number of publications increased. However, the disease was
still considered fairly uncommon since even at the beginning of the century
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publications dealing with only 1—6 cases appeared. In 1926 Key published
24 cases diagnosed at Massachusetts General Hospital. In 1931 Fergusson
and Howorth published 70 cases from New York Orthopedic Hospital over
20 years. Howorth’s cases by now number more than 200 (1966).

ETIOLOGY

Opinions on the etiology of slipped upper femoral epiphysis have varied
considerably in the course of the centuries. Duvernay (1751) supposed that
the condition arose from some other disease such as syphilis or tuberculosis. In
the 19th century there was much discussion on the etiology of the disease as
the number of cases noted increased. Miiller (1888) believed that it was an
after-effect of rickets, as did Schultz (1892). Trauma was considered an im-
portant reason for the origin of slipped upper femoral epiphysis, especially
as cases previously published were usually a consequence of trauma.

It has been generally recognised, especially during this century, that most
cases occur in patients who are at the strongest stage of growth and are some-
what overweight or abnormally tall, or both. For this reason it is widely
believed that the cause of the disease is an endocrine disturbance. On the
other hand, not all cases are bilateral. The number of bilateral cases, how-
ever, varies considerably in different reports. Howorth (1957), for instance
states that 14 per cent of cases are bilateral, Jerre (1950) 41,8 per cent and
Klein etal. (1953)41 per cent. But Billing and Severin (1959) in an extensive
monograph based on thorough radiological study have come to the conclu-
sion that bilateral cases or their after effects account for as much as 80 per
cent.

Lofgren in 1953 examined 16 cases treated for slipping upper femoral epi-
physis with an endocrinological background especially in mind. He observed
that in all these cases the sella turcica was abnormally small. His material
included 2 pituitary tumors. Also, the majority of the male patients had an
endocrine defect in the form of overweight. Burrows (1957) also examined
the endocrinological background in an extensive study. Urinary ketosteroid
secretion was normal. The conclusion was reached from other information
and clinical evidence, that one quarter of the boys and almost two thirds
of the girls suffered from endocrine disturbance, in addition to those who
were overweight.
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Harris (1950) published an experimental study of the upper epiphyseal
plate of rats tibia. He divided the rats into 3 groups, each comprising ten
animals. Group 1 consisted of control animals. In group 2 gonadectomy
was performed and 1 mg growth-hormone administered daily. In the third
group oestradiol was given 3 times weekly. It was then observed that the
strength needed for detachment of the upper tibial epiphysis of rats treated
with growth hormone was only half of that required for detachment of the
tibial epiphysis of control animals. In oestradiol treated rats this strength
was 50 per cent greater than in control animals, and 3 times greater than
in rats treated with growth-hormone after gonadectomy. For this reason
the author concludes that slipped capital epiphysis in adolescents may have
two main causes. First, that sex hormone secretion is abnormally low, as
in patients with overweight and underdeveloped genitals and second, that
growth-hormone secretion is abnormally high and growth sudden, as clearly
appears in tall, thin, quickly growing children. Obviously in such cases
no great importance attaches to the hormone secretion value in itself, but
to the relation between growth and sex hormone. Thus, if sex hormone
secretion is very low, as in patients with overweight, growth hormone se-
cretion may be normal or sub-normal, but it is abndrmally high in relation
to sex hormone secretion, and may cause weakening of the epiphyseal plate
against tangential strain.

Clinical experience, experimental study and endocrinological observation
all support the opinion that hormonal factors have a great, perhaps decisive
influence on the etiology of slipped upper femoral epiphysis. A normal capital
epiphysis may, of course, be detached as a result of powerful trauma, but
these cases are very rare.

DIAGNOSTIC ASPECTS

Slipped upper femoral epiphysis usually causes pain in the hip, and more
rarely in the knee. Patients are commonly children aged 9—15. An ordinary
antero-posterior X-ray shows slipping of the capital epiphysis as follows:

I. Normally the capital epiphysis protrudes over the upper lateral edge
of the neck in the antero-posterior x-ray and appears as a prominence out-
side the femoral neck. The slightest slipping causes this projection to dis-
appear, which is considered by some investigators to be the first symptom
(Jerre 1950).
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2. When the epiphysis slips backward its thickness (measured from the
epiphyseal line to the joint surface) decreases in proportion as the slipping
increases.

3. Waldenstrém states (1939) that even at an early stage of slipped upper
femoral epiphysis the surfaces of the epiphysis and metaphysis become ir-
regular and no longer fit together. In the roentgenogram this is seen as an
irregularity of the epiphyseal line.

Although in the antero-posterior picture slipped epiphysis can thus be
diagnosed in some cases, the lateral view is quite indispensable whenever
slipped capital epiphysis is suspected. The lateral exposure can be taken
in various positions (Billing and Severin 1959). Some maintain that a pre-
slipping stage exists in which the epiphyseal line has merely widened and
its outlines are obscure (Fergusson and Howorth 1931, Jerre 1950, Howorth
1957 and 1960). The pre-slipping stage, it is stated, produces symptoms
with pain in the hip (Fahey et al. 1965). Waldenstrom (1939) believes that
in such a stage no symptoms are produced and the slipped epiphysis can
be detected only from an X-ray picture. Billing and Severin (1959) main-
tain that slipped epiphysis can be detected at a very early stage as an angle
between epiphyseal line and collum which appears in special X-ray exposures.

The degree of slipping of the capital epiphysis in relation to the neck may
be expressed in many different ways. In the literature some confusion is
caused by the fact that a variety of terms are used. Billing and Severin (1959)
express slipping as an angle between epiphyseal line and neck. Some ex-
press slipping in inches (Howorth 1957), while others speak only of slight
or market slipping (Ferre 1950). More specific measurements have also been
published. Some have divided cases into groups of minimal, quarter, half,
three-quarter and total slipping (Burrows 1957), others speak of slight, minim-
al, 1/4—1/3, half, 2/3 (Hall 1957). Newman (1960) classified the position of
epiphysis as acceptable or unacceptable. Displacement of the epiphysis has
been measured in centimetres by Klein, et al. (1953). Durbin (1960) considers
that when slipping is over half the breadth of the epiphysis, i.e. 50 per cent,
the prognosis is considerably worse than in milder cases. Most investigators
have given up measuring the angle between epiphysis and neck because of
uncertain results. The main reason for this uncertainty is that in the X-ray
the hip must be in exactly the same position on every occasion, which is
impossible because of restricted movements in the hip. (Jerre 1950). For
this reason the displacement is perhaps most exactly expressed as a measure
of length or, even better, as a relative part of the extent of the epiphysis.
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TREATMENT
Conservative treatment

Opinions on the relative merits of conservative and operative treatment
are somewhat conflicting. Operative treatment which leads to a moderate
or poor result may be criticised on the ground that necrosis of the head may
not appear in untreated cases, and in cases of deformity coxarthrosis does
not occur until a later age (Howorth 1957). Conservative treatment may
in turn be criticised on the grounds that it is usually prolonged and results
are often worse than those produced by operative treatment (Green 1945,
Howorth 1949, Jerre 1950).

Conservative treatment mainly involves rest in bed, traction, walking on
crutches, walking with the aid of a Thomas splint and plaster immobilisation,
and a combination of all these.

Jerre in 1950 examined the results of conservative treatment in a follow-
up and noted that in 21 cases of slight slipping resnlts were good in 76.2
per cent, fair in 19 per cent and poor in 4.8 per cent. In 20 cases of greater
slipping (marked) 5 per cent of results were good, 85 per cent fair and 10
per cent poor. Forrester —Brown (1941) examined 22 cases of conservatively
treated slipped epiphysis, part of which were treated by traction, part by
closed reduction and part by walking caliper.. Follow-up was carried out on
11 patients, only one of whom was able to move freely. Nine had abduction,
adduction and rotation deficiency, and all had some degree of flexion de-
ficiency. Howorth (1949) published results on 7 patients who had been treated
by traction and then by plaster. In no case was improvement achieved in
the position of the epiphysis, and results were poor in 6 cases. Durbin (1960)
treated 19 cases conservatively and obtained excellent results in 37 per cent,
good in 37 per cent, fair in 5 per cent and poor in 21 per cent. Hall (1957)
treated 33 hips conservatively by various methods: he states that manipulation
produced some change in the position of the epiphysis in 24 cases, and no
change in 9 cases. The best correction of the position was obtained in cases
were a sudden slip had occurred. Capital necrosis occurred in three cases
where the condition of the epiphysis had improved; it also occurred in two
cases where no change had been produced. In Hall’s opinion manipulation
is justified when performed with in a few weeks after sudden slip.

It thus appears that, although conservative treatment may achieve par-
tially ‘good results, it may also produce necrosis of the head, especially if
anipulation or prolonged powerful traction is used. Moreover, conservative
treatment is lengthy and results on the whole do not seem noticeably better
than those produced by most methods of operative treatment.
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Operative treatment

In operative treatment an important question is whether the position
of the capital epiphysis can be accepted or not. If the capital epiphysis has
slipped considerably, it may be asked whether the condition can be improved.
If the position of the head is acceptable the purpose of operative treatment
is to prevent further slipping and several methods of fixing the epiphysis
are possible. If the slipping is severe the condition may be accepted even
then, and a mere fixation may be considered sufficient, or one may try to
improve the position of the head in relation to the neck. A further alterna-
tive is to improve the position of the head and neck by performing an os-
teotomy in the neck or in the subtrochanteric or intertrochanteric part of
the femur and fixing the head in its position.

Fixation methods

The upper femoral epiphysis may be fixed to the neck by Smith-Petersen
nail (Wilson 1938, Wiberg 1941, 1959 Fahey et al. 1965, Lindstrém 1958)
Other methods are by one or more pegs or screws (Fahey et al. 1965, Durbin
1960, Newman 1960, Hall 1957, Hiertonn 1955). Fixation may also be per-
formed by bone pegs (Fergusson and Howorth 1931) or by opening the epi-
physeal line and drilling a hole and implanting both cortical bone and can-
cellous bone (Herndon et al. 1963). Good results have been obtained by all
these methods. The large nail has been criticised for its tendency to push
the loose head forward, thus causing necrosis or splitting (Wiberg 1959,
Howorth 1957). If, on the other hand, the nail penetrates at some point
the joint cartilage and is not noticed or removed, arthrosis may develop
sooner than usual (Wiberg 1959, Waldenstrém 1930). For this reason many
have advocated the use of thin pins (Moore pins) or screws for fixation {Dunn
1964, Hall 1957).

In Wiberg’s material of 185 cases the nail penetrated the joint cartilage
in 15 cases; final results were good, however, because the position of the
nail was corrected in some of the cases. Capital necrosis appeared in two
cases, one of which was only partial.

In Lindstrom’s series (1959) of 51 nailed hips no case of capital necrosis
occurred. Four cases were treated by manipulation followed by nailing and
in one of these capital necrosis occurred. In Lindstrém’s opinion the Smith-
Petersen nail is suitable and causes no complications when the slipping is
slight.
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In Hall’s material (1957) of 48 cases treated by Smith-Petersen nail 5
cases of capital necrosis occurred, but the author attributes them to other
causes than the nail. Excellent results were: 68.9 per cent with the Smith-
Petersen nail, 80 per cent with Moore pins. Good results were 18.8 per cent
with the Smith-Petersen nail, 20 per cent with Moore pins. The latter pro-
duced no fair or poor results, but the Smith-Petersen nail produced 8.4 per
cent poor.

Newman (1960) performed fixation in 13 cases with the Smith-Petersen
nail. One result was poor, but the case had been treated for 3 months by
traction. In 2 cases subtrochanteric fracture occurred near the nail. In 26
cases stabilisation was performed with Moore pins: in one case the pin came
out and re-slipping occurred, followed by recovery and consolidation in a
bad position.

Durbin (1960) achieved the following results by nailing: excellent 57 per
cent, good 22 per cent, fair 14 per cent, poor 7 per cent, from a total of 14
hips. 27 hips in his series were fixed with Moore-type pins, and results were:
excellent 52 per cent, good 37 per cent, fair 11 per cent, and poor nil.

In Jerre’s material consisting of 183 hips capital necrosis occurred in 20
cases, only one of which was a result of nailing, however. Fifteen were the
consequence of reduction and plaster immobilisation, and 2 followed closed
reduction and nailing. One hundred and two cases were treated with plaster
immobilisation.

In Howorth’s material of over 200 cases operated by his own methode, the
epiphyseal line failed to close in 4 cases, but capital necrosis did not occur
in a single instance.

On the basis of the literature alone it appears that Howorth’s method
as reported by himself produces the best results.

Openreduction and wedge osteotomy

Opinions differ as to when the extent of slipping is such as to necessitate
correction of the position of the head. Some maintain that one third of the
extent or more causes deformity of the joint later (Hiertonn 1956, Wilson
1938). Others maintain half the extent or more (Durbin 1960), and others
1 cm or more (Klein et al. 1953).

When the epiphysis is considered to have slipped too much by one of the
above criteria, the method of treatment depends on whether so-called acute
slipping or chronic slipping is invalved. In the former case closed reduc-
tion may be attempted, as it is considered that the epiphysis is movable in
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very recent slips. Results are often unsatisfactory, however, and cases of
capital necrosis have occurred (Jerre 1950, Howorth 1966).

For this reason it is the general opinion that closed reduction should not
be performed except in very acute cases. Results are uncertain even then.

Open reduction

In late cases with an unacceptable degree of slip an open reduction or a
wedge osteotomy can be performed.

Open reduction has been performed since the latter half of last century,
but has been abandoned in many clinics because of capital necrosis. Wilson
in 1924 published 7 cases of open reduction, 4 of which were fresh and 3
late slipping. Fergusson and Howorth in 1931 published 11 cases of open
reduction, and Badgley et al. in 1948 11 cases, 6 of which produced good
results. Klein et al. in 1948 reported 16 cases and Friberg (1948) 12 cases
with one caput necrosis. In 1966 Howorth reported 16 cases in which plaster
was used after open reduction: 5 were good, 6 fair and 5 poor. Seven were
nailed after open reduction, and of these 5 were good, 1 fair and I poor. In
the former group there was 1 case of caput necrosis and 7 cases of cartilage
necrosis. In the latter there were 6 cases of cartilage necrosis and none of
caput necrosis. Dunn (1964) reported 23 open reductions in which a wedge
osteotomy of the neck was performed in the same operation. Nineteen of
these led to a good result. In one case caput necrosis appeared, and in one
case partial necrosis after nailing. Cartilage necrosis appeared in two cases.
Open reduction is nowadays considered by some to be unsatisfactory be-
cause of the operative risk and technical difficulties (Howorth 1966).

Wedge osteotomy

Howorth in 1966 made a thorough assessment of the literature, in which
some 400 wedge osteotomies are reported by various authors and caput
necrosis recorded in 30 per cent. He added his own material of 9 cases: after
osteotomy 4 of these were immobilised in plaster, and 5 with Smith-Peter-
sen nail. Results at follow-up were good in 5 cases, fair in 3, poor in one
case. Caput necrosis occurred in 2 cases and carrtilage necrosis in one.

Wiberg in 1955 reported 12 cases, only one of which gave rise to caput nec-
rosis, the remainder being good. In his opinion, however, the operation
should be limited to rare cases. Hiertonn also in 1955 reported 38 hips oper-
ated in the same way: there were 5 cases of caput necrosis and 9 of partial
caput necrosis. Results were good in 24 cases.
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Linstrém in 1958 reported 24 wedge osteotomies with 2 caput necrosis,
I traumatic arthritis and 4 coxarthrosis.

Other osteotomies

Subtrochanteric osteotomy and intertrochanteric osteotomy are indicated
mainly in the late stage of slipped capital epiphysis in order to correct varus
and external rotational deformity (Howorth 1966).

ASSESSMENT OF RESULTS

In the assessment of results confusion and difficulty have been caused by
the fact that follow-up intervals have differed in length, methods of treat-
ment have varied greatly, and different methods have often been used in
the same case. Also the division of cases into “excellent”, ‘“good”, “fair”,
“poor” has sometimes been subject to variation.

The patient’s own assessment is used as first criterion. Pain, whether at
rest or under strain, is important. Second to be used are results of objective
follow-up examination: most important is the mobility of the hip. As a rule
mobility is assessed in various directions, with points awarded for the degree
of mobility attained. Methods of calculation available are given by Gade
(1947) and Fergusson and Howorth (1931). According to Gade values for
a normal hip vary 85—100 points. According to Fergusson and Howorth
the index for a normal hip should be 85—95 (Fergusson and Howorth 1931.
Howorth 1966). In clinical examination attention is also paid to limping,
discrepancy of length in limbs and the patient’s ability to perform various
activities (Hall, Howorth, Newman).

In X-ray examination attention is given to the form of the femoral head
and the joint surfaces, also to possible secondary osteoarthritis or necrosis
of the head or its cartilage.



PRESENT MATERTIAL
The material comprises all cases of slipped upper femoral epiphysis treated
at the Orthopedic Hospital of the Invalid Foundation, Helsinki in the period

1947 —1965. This makes a total of 80 patients, 55 boys and 25 girls.
Table 1 shows the distribution of the patients according to the side affected.

Table 1

Side affected

Number of
Affected Side patients Boys Girls
Left 41 27 14
Right 20 16 4
Bilat. 19 12 7
All 80 55 25

The material contained 21 boys and 8 girls who were clearly overweight.
For part of these cases an endocrine defect was clinically evident. One of
the boys was also suffering from pituitary tumor, and had received radio-
therapy. The height of this boy at the time of follow-up was 218 cm or 7 ft
3 ins. One girl also had a brain tumor combined with hypopituitarism and
one boy a clearly diagnosed endocrine disturbance.

Patients sought treatment for various reasons. Table 2 analyses the symp-
toms concerned.
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Table 2

Reason for seeking treatment

Number of
Symptoms patients Boys Girls
Pain in hip 35 24 11
Limping 8 4 4
Pain in hip 4 limping 33 24 9
Pain in knee only 4 3 1
All 80 55 25

32 patients reported injury either immediately before seeking treatment or
earlier, but in most cases this was a mild one, such as slipping on the stairs,
falling from a bicycle or falling when walking. Only 6 patients sought treat-
ment immediately, in the other cases the symptoms were of several months’
duration. Four patients complained of pain in the knee. In 17 cases the patient
had been treated elsewhere either on an incorrect diagnosis or no diagnosis
had been reached. In several cases no X-ray had been taken, or only an
antero-posterior one. In some of these cases no distinct diagnosis had been
made. A radiograph taken in a Lauenstein position clearly showed slipped
epiphysis in all these 17 cases.

Degree of slipping

In the present material the degree of slipping was estimated as a displace-
ment of the capital epiphysis according to its extent in relation to the femoral
neck.

Slipping was estimated always from a lateral X-ray taken in the so-called
Lauenstein position. Especially in bilateral cases it was possible to follow the
changes in the epiphyseal line of the unaffected hip when the patient came
for re-examination of the other hip, which had been operated on or treated
earlier (Figs. 1 and 2). Slipped epiphysis was then diagnosed at a very early
Stage, when displacement was either non-existent or extremely slight (Figs. 1,
2, 4). This type of slipped epiphysis was marked as slight. Otherwise slipped
€piphysis was classified from the lateral exposure as under 1/3 (Fig. 7), under
1/2 (Fig. 5 and 6), over half (Figs. 8—10, 12 and 13), and complete (Fig.
11). When secondary callus had formed in the lower posterior part of the
Neck between it and the head, the degree of slipping was estimated as it had
evidently been before callus formation.

2



Fig. 1. Left hip of a boy aged 14 at the time of nailing of the right hip 29. 3. 60.

A. — In the left hip the epiphyseal plate is regular. The patient had no symptoms in this hip.
Lateral view on the right. Enlarged view on its right side.

B. — Left hip 3 months after X-ray in A. In the middle of the epiphyseal plate in the lateral
view the start of loosening in the form of irregularity. No displacement as yet. The antero-pos-
terior view does not show any sign of beginning of slip. The patient did not feel pains in the
hip. The enlarged view of the epiphyseal plate on the far right.

C. — The patient felt slight pain in the left hip. The antero-posterior view is still normal.
Roentgenogram taken 5 months after A and 3 months after B. The epiphyseal plate is irregular
especially in the middle of the lateral view. Slight slip. The epiphysis was fixed by nailing
(Fig. 4.) In this case the patient felt slight pain at the time of the beginning of slipping but
in the lateral view signs of this could already be seen before that.

Symptoms and earlier treatment
Table 3 shows duration of symptoms at various degrees of slipping.

Among the bilateral cases were 11 in which slipped epiphysis was detected
at an early stage when the patient came for re-examination of a hip that



19

Table 3

Duration of symptoms

Degree of slipping  Number Under Symptoms Over
ofhips lmonth 1-2m 2—6m 6—12m [ year
Slight 18 9 0 4 4 1
Under 1/3 26 0 1 11 10 4
Under 1/2 24 4 1 8 5 6
Over 1/2 29 1 0 14 7 7
Complete 2 0 0 1 1 0
All 99 14 2 38 27 18

had been treated earlier. Six of these had pains, five did not. Ten cases in
which the symptoms had lasted less than 6 months had been in traction
carlier. In ten cases with symptoms lasting less than 6 months the slipping had
not been diagnosed, and one had been given operative treatment elsewhere.
The remainder had received no previous treatment. In one case where the
symptoms had lasted over a year the patient had been treated for tuber-
culosis of the hip elsewhere. In 5 cases where the symptoms had Iasted over
6 months traction treatment had been given, in 5 cases slipped epiphysis had
not been diagnosed, in 2 cases operative treatment had been given. One of
these was a case in which open reduction had been attempted elsewhere.
The attempt failed and was followed by complete slipping.

The time interval between the slipping in the first affected hip and the
slipping in the other hip in bilateral cases is shown in Table 4.

Table 4

Time interval between first and second hip in bilateral cases

Interval between slipping No.Hips. Boys Girls
Under 1 m. 6 4 2
1—2m, 3 1 2
2—6 m. 2 2 0
6—12 m. 3 3 0
Over 12 m. 5 2 3
All 19 12 7



Fig. 2. Right hip of 2 boy aged 13 at the time of nailing of the left hip 14. 9. 60.
A. — The epiphyseal line is regular, except in the middle in the lateral view.
B. — Three months later, after nailing of the other hip and bed rest the irregularity in the
middle of the epiphyseal plate has disappeared and the position of the epiphysis is concentric.

In 6 cases the interval between slipping in the first and in the second hip
was less than 1 month, and these were mainly cases in which both hips were
operated on within a shor period. In one case where the interval was 6 months
the patient had been in consultation at our out-patient department, when right
hip had a slip of 1/3 and the left merely a very slight slip. An operation was
not considered necessary and the patient was given crutches and allowed to
move with their aid. On the patient’s re-appearance after six months the
slipping had increased, especially on the left side, where it had been quite
minimal at the earlier visit. Moore pins were used for fixation on the Jeft side.
The epiphyseal plate on the right was considered closed.

Table 5 shows treatment received by patients elsewhere before coming
to hospital.



Fig. 2. €. — Three months later. The epiphyseal line is more irregular in the lateral X-ray
than in previous roentgenogram. The patient had no symptoms. This X-ray was taken at the
Same time as the control X-ray from the other, nailed hip.
D-_ — Five months later there is a clear slip seen in the lateral X-ray. The irregularity of the
Spiphyseal line is also evident. The patient still felt no pain in this hip. In the antero-posterior
~Tay the hump” in the upper corner has disappeared, indicating a slip.
- — Two months later. The slip is even more advanced. In the lateral view the protruding
:‘}?PCT corner has resorbed and a corresponding amount of secondary callus has formed in
€ 10§ver part of the neck in the lateral view. The hip was nailed although the boy felt no
Pains in his hip even at this stage of the slipping.
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Table 5

Treatment before coming to hospital

Number of
Previous Treatment patients Boys Girls
No previous treatment 36 26 10
Incorrect diagnosis 17 12 5
Traction treatment 14 7 7
Rest in bed 8 6 2
Other treatment 2 1 1
Operative treatment 3 3 0
Al 80 55 25

There were 17 cases of incorrect diagnosis elsewhere, 4 of which were
bilateral. Ten of these patients had been treated on an incorrect diagnosis
elsewhere, and 7 had received no treatment before coming to hospital. One
case had been considered a fracture. One case had been mistaken for tuber-
culosis of the hip, one for muscular paralysis and 2 had been treated for mus-
cular sprain. One was thought to be the result of excessive growth and not
X-rayed although there was pain in the hips. On arrival at hospital slipping
was under 1/3 on both sides. In one case nothing was detected despite pain
in the hip, but 2 weeks bed rest was prescribed: slipping was less than 1/2.
In 3 cases the patient was treated as a Calvé-Legg-Perthes disezse by Thomas
splint or rest. In 36 cases the patient came straight to hospital without pre-
vious treatment with a correct diagnosis. Other treatment given in this group
consisted of Thomas splint in one case and crutches in an other. Operative
treatment elsewhere consisted of one nailing, one wedge osteotomy and one
attempted open reduction.

Table 6 shows the age of patients on coming for treatment.
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Table 6

Age at time of operation

Number of

Age patients Boys Girls
Under 10 years 1 1 —
10—11 years 1 — 1
11—-12 years 11 3 8
12—13 years 15 6 9
13—14 years 16 10 6
14—15 years 11 11

Over 15 years 25 24 1
All 80 55 25

At the time of operation the youngest patient was aged 9 years the oldest
37 years. The last-mentioned case had a residual stage of the slipped femoral
epiphysis, and an intertrochanteric osteotomy was performed. Mean age of
patients at the time of operation was 14.4 years. Mean age of girls was 12.6
years and that of boys 15.2 years. Six patients had sustained a trauma be-
fore admission to hospital. In 4 of these cases the degree of slipping was
less than half the extent of the epiphysis, in one case over half, and in one
case the slipping was complete. In the two latter cases a subcapital wedge
osteotomy was performed, and in one of the cases where the slipping was
less than half the extent of the capital epiphysis an open reduction was per-
formed. The others were fixed by nailing or with bone pegs by Howorth’s
method.



METHODS OF TREATMENT

Of the 80 patients in the present material 19 had a bilateral slip so that the
total number of hips treated was therefore 99. The treatment given may be
divided roughly into two main groups: conservative and operative. Table 7
shows the number of hips treated conservatively and operatively.

Table 7

Conservative and operative treatment.

Treatment

Degree of slipping No.Hips. operative conservative
Slight 18 17 1
Under 1/3 26 22 4
Under 1/2 24 23 1
Over 1/2 29 25 4
Total 2 1 1
All 99 88 11

NON-OPERATIVE TREATMENT
Traction and closed reduction

In earlier years traction before operation was considered a routine treat-
ment. In the later years it has not been practiesed any more. Traction was
mentioned as being used only in two cases in this material at our hospital
and in 14 cases at another hospital.

Closed reduction was attempted under anaesthesia in 4 cases at another
hospital before coming for treatment and in 6 cases closed reduction was at-
tempted at our hospital. The capital epiphysis was fixed in all cases after
manipulation. Only in 4 cases of these 10 manipulated cases was the position
of the capital epiphysis considered better after closed reduction. All these
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4 cases were those in which an obvious recent slipping had taken place. In
two cases the closed reduction was performed a few days after sudden ex-
acerbation of pain in the hip in connection of a trauma. Two cases were
manipulated in a few weeks after such an accident.

Conservative treatment

The conservative treatment group contains only 4 patients who actually
received conservative treatment at our hospital. Six patients had been treated
elsewhere or had not been diagnosed and at the moment of consultation
were unsuitable for any kind of treatment mostly because of closing of the
epiphyseal plate.

One of these was the case in which an open reduction had been attemp-
ted while the degree of slipping was less than half the extent of the capital
epiphysis. The operation was unsuccessful and resulted in a complete slipping
which was not corrected. The patient was sent to our hospital a few years
after this operation and the epiphyseal plate was already closed and no fur-
ther operation was considered indicated. The result was later regarded as
poor.

In 3 cases the patient had been treated for an incorrect diagnosis or the
slipping had not been diagnosed. One of these had been treated for tuber-
culosis of the hip for one year with bed rest. The degree of slipping was slight
and as the epiphyseal plate had already closed, there was no indication for
further treatment. The result was good. In one further case the patient had
pain in the hip but no radiological examination had been performed. The
degree of slipping was in this case more than half the extent of the capital
epiphysis and as the epiphyseal plate had closed in this case too, no treat-
ment was considered necessary. The hip was stiff at the time of follow-up.
The third case with an incorrect diagnosis had received no treatment. This
was a bilateral slipping in which both epiphyseal plates had closed on ar-
rival at the hospital. One hip was left uncorrected but in the other a sub-
trochanteric osteotomy was performed. Three further cases were bilateral
cases in which one hip had already stabilised, so that no treatment was given.
The other hips were treated as follows: nailing was performed in one case;
open reduction was attempted in one case; wedge osteotomy was performed
in one case.

Only four patients were given actual conservative treatment: in one case
a Thomas splint was used, in another closed reduction was attempted and
the hip immobilised in plaster for a month, and in two cases the patient was
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allowed to move with elbow crutches. The fourth case had attended the out-
patient department of our hospital, when a slip of 1/3 was found in one hip
and merely a very slight slip in the other. As previously mentioned operative
treatment was not considered necessary and the patient was allowed to move
with elbow crutches, but when he reappeared at the hospital six months later
the slipping had greatly increased especially on the left side, where there was
previously only a brightness of the epiphyseal line. The slipping was less than
1/3 on both sides. The left side was then considered so acute that it was fixed
with Moore pins, but on the right side the epiphyseal line was considered to
have closed. The slip had not increased in this hip.

OPERATIVE TREATMENT

Table 8 shows to what extent various operative methods were used in
varying degrees of slipping.

Table 8

Operative methods

Type of Degree of slipping
operation  No.Hips  Slight Under 1/3Under [/2 Over 1/2 Complete
Nailing 51 17 20 12 2 —
Howorth 15 — 2 5 8 —
Wedge ost. 9 — — 2 6 1
Intertr. or
subtr.ost. 7 — — 2 5 —
Open
reduction 4 — — 2 2 —
Otbher oper. 2 — — — 2 —
All 88 17 22 23 25 1

In earlier years an ordinary Smith-Petersen or vitallium nail was used
but in the last few years these have been replaced by smaller nails intended
for children. Fixation by nailing without reduction was generally performed
when the slipping was less than half the extent of the epiphysis. Intertrochan-
teric and subtrochanteric osteotomy was performed in order to correct posi-
tion, mainly in the residual stage of the slipping. Other operations consisted
of Judet arthoplasty, performed after an unsuccesful open reduction; in the
other case a drilling operation was performed. In recent years nailing and
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Howorth operation have become more common at our hospital, while
wedge osteotomy and open reduction are no longer performed.

After nailing no post-operative plaster was used. Routine treatment after
nailing was a follows: during the first 10 days the patient was allowed to get up
and use elbow crutches; he was allowed full weight bearing on the operated
limb only after 2—3 months. In the present material 33 patients were in bed
for less than one month after nailing: also less than a month in bed were 12
patients after Howorth operation, one wedge osteotomy, one open reduction
and one drilling operation. The other patients were more than a month in
bed: most had been operated in previous years, when the immobilisation
time was longer. '

FOLLOW-UP EXAMINATION

The follow-up examination was performed in 1967. The number of patients
appearing at the examination was 79. 19 were bilateral, so that the total
number of hips was 98. One patient had died of brain tumor 2 years after
operation. The shortest period of observation was one year and the longest
19 years, with a mean of 6.7 years. The youngest patient at follow-up was
13 years and the oldest 40 years with a mean age of 21.6 years.



RESULTS

Assessment of results

Results were assessed by clinical examination of patients. Particular at-
tention was paid to the patient’s own estimation of the result, pains felt at

rest or under strain, ability to work, and the patient’s opinion in general.
Secondly the degree of mobility of the hip was assessed by clinical examina-
tion and expressed according to Gade. Thirdly, X-ray examination was

carried out, with exposures taken in the antero-posterior and lateral or so
called Lauenstein positions in all cases.

Patient’s
estimation

Excellent Normal

Good Good hip,
not quite
normal
Fair Some
trouble

Poor In some
cases
trouble-

some

Table 9

Assessment of Results

Pain Function
None Unre-
stricted
Does not  Slightly
interfere  restricted

Stops some Definitely

activities  restricted
Partly Poor
disabling

Movement Radiographic

index
(Gade)

85 or over

75—85

50--75

Under
50

appearance
of hip

Virtually normal
viable head,
good joint space

hip,

Concruent surfaces
viable head, good
joint space

Some irregularity,
slipping of head,
narrowed joint
space

Joint space lost or
necrosis of head.
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The result was considered excellent when the Gade mobility index was
85 or more. In these cases the X-ray showed a virtually normal hip and
the patient felt no discomfort. In unilateral cases the result was compared
with the normal hip. Mobility then had to be at most 10 points under the
value estimated for the normal hip.

The result was considered good when the Gade mobility index was 75—
85. The patient might have slight pain after strain, and the X-ray might
show slight changes. In order to simplify the comparison of results the ex-
cellent and good cases are grouped together in the tables.

The result was considered fair if the mobility index was 50—75. The pa-
tient felt pain after strain, and the X-ray showed moderate changes in the
joint surfaces.

The result was considered poor if mobility was 50 or less. In such cases
the X-ray showed marked changes and the patient might feel pain even
after slight strain. In the present material no patient felt sufficient pain to
incapacitate him completely. The highest Gade index obtained for a healthy
hip in this series was 91.

NON-OPERATIVE TREATMENT
Traction

Traction was used in 14 cases at another hospital before coming for treat-
ment and in two cases in this hospital.

In those 14 patients treated with traction elsewhere the degree of slipping
was slight in one case, under 1/3 in 3 cases, under 1/2 in 3 cases and over
1/2 in seven cases (Table 10). Of those patients treated with traction at our
hospital the degree of slipping was under 1/3 in one case and complete in
one case. The table 10 shows the result of different types of treatment after
pre-operative traction.

In those cases where the result of traction could be controlled it had not
changed the position of the epiphysis. As can be seen in Table 10 the results
of treatment according to degree of slipping are approximately the same as
in the rest of the series. (Tables 10 and 17). This means that the traction had
not much influenced the result of treatment.

After preoperative traction the epiphysis was fixed in seven cases according
to Howorth, in five cases a simple nailing was performed and in two cases
a wedge osteotomy was performed after which the capital epiphysis was
fixed by Smith-Petersen nail. In one case an arthroplasty was performed.
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Table 10

Results in cases of preoperative traction

Results
Excellent
Degree of slipping No. or good Fair Poor
Slight 1 1 0 0
Under 1/3 4 3 1 0
Under 1/2 3 3 0 0
Over 1/2 7 5 0 2
Complete 1 0 1 0
All 16 12 2 2

The degree of slipping in the hips operated according to Howorth was over
half of the extent of the epiphysis in five cases, under half in one case and
under a third in one case. In one of these cases the result of treatment at
the time of follow-up was considered as poor, the other as excellent or good.

The degree of slipping in the cases in which a wedge osteotomy was perfomed
was over hall in one case and complete in one. Both cases were considered
as good at the time of follow-up. In those fixed by nailing the degree of slip-
ping was slight in one case, under 1/3 in two and under 1/2 in two cases.
They were all considered as good at the time of follow-up. In two cases a
closed reduction was attempted after a traction treatment at another hospital.
The position of the head improved.

Closed reduction

In 4 cases in this series a closed reduction was attempted at another hospital.
In six further cases a closed reduction was performed at our hospital. Only
in four of these ten cases was the position of the capital epiphysis regarded
as better by the surgeon after manipulation. These four cases were all recent
slippings in which the closed reduction was attempted in a few days after
accident, in two cases, however, a few weeks. Fig. 3 shows one case in which
the position was regarded as better after 2 closed reduction, but in which
a necrosis of the head resulted.

Table 11 shows the results of different types of treatment after preoperative
closed reduction.



31

Table 11

Results of treatment after preoperative closed reduction

Results
Excellent
Degree of slipping No. orgood Fair Poor
Slight ... il 0 0 0 0
Under 1/3 ... oo it 1 0 1 0
Under 1/2 ... ... .. ... ... ... 4 1 2 1
Over 1/2 . ... . it 5 1 2 2
Complete ......... ... .. il 0 0 0 0
All 10 2 5 3

As the table shows, the results are no better than in the rest of the series,
and in some respects they are probably worse. (Table 11 and 17).

The result at the time of follow-up in those four cases in which the position
was regarded as better after manipulation, was good in one case, fair in two
cases and poor in one case. The distribution of results according to the degree
of slipping is thus somewhat worse than in the rest of the material. As the
number of cases of closed reductions is very small, no accurate conclusions
can be made, but in this group there were more poor cases than in the whele
material. The method of fixing the epiphysis after manipulation in the poor
cases was nailing in one case (Fig. 3) and Howorth operation in one case.
The third case was manipulated first, after which an open reduction was at-
tempted and the head later replaced by the Judet prothesis. An arthrodesis
was performed at another hospital later. In the first two cases a necrosis of
the femoral head resulted, with stiffening of the joint.

It seems, therefore, that the result of an attempted closed reduction is un-
certain and contains a considerable risk of necrosis of the femoral head. 1f it
is attempted it must preferably be done in a very recent slipping.

Conservative treatment

The group in which the treatment was considered as conservative because
no operations were performed contained two cases considered as poor at
follow-up. In one of these an open reduction had been attempted at another
hospital, The patient came for consultation a few years later when the epi-
Physeal plate had already closed, the joint was stiff and no further operations



Fig. 3. Right hip of a girl aged 12 at the time of nailing and closed reduction.

A. — The patient felt pain in the right hip and an X-ray was taken at another hospital in
both positions. No signs of a slip was seen and the patient was sent home. In the lateral X-ray
a slight slip is clearly visible.

B. — The patient had fallen two days after the previous X-ray was taken and the pain in
the right hip became worse. In a new X-ray a market slip was seen and the patientjwas ad-
mitted to the hospital for nailing.

were indicated. The other was a neclected case in which the degree of slipping
was more than half the extent of the epiphysis. This had not been diagnosed.
On arrival at the hospital the epiphyseal plate had closed. The Gade mo-
bility index was 12 in the first case and 46 in the other.



Fig. 3. C. — As this was a very recent case a closed reduction was performed and the epiphysis
fixed by nailing. The position of the head is very good indeed. The nail is in a good position.
D. — A necrosis of the epiphysis developed in the middle of the epiphysis 8 months later and
the nail had to be removed exactly a year after nailing. However, the necrosis of the head
increased.

E. — Eight years after nailing the femoral head was quite irregular and the hip was stiff.
A subtrochanteric osteotomy was performed at another hospital and at the follow-up ten years
after nailing the Gade index for the right hip was 56 and 85 for the left hip which was also
nailed. The result in the right hip was regarded as poor because of the appearance in the
X-ray. This was the only poor result among 51 nailings.

o
3
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Table 12 shows the results at the time of follow-up examination in the
cases in which no operations were performed.

Table 12

Results of conservative treatment

Results
Excellent
Degree of slipping No. orgood Fair Poor
Slight ........covviiiiiiiii.t. 1 1 0 0
Under 1/3 ..... .. ... o it 4 2 2 0
Under 1/2 ... ... .. .. ... ... 1 0 1 0
Over 1/2 .. oo 4 1 2 1
Complete ....... .. .. ... L. 1 0 0 1
All 11 4 5 2

Three of these patients were treated elsewhere either by traction, immo-
bilisation in plaster or immobilisation in bed. The result was excellent in
one case, fair in two.

One patient was treated by immobilisation in plaster at our hospital. The
result was fair. The others were allowed to miove either with elbow crutches
or with a Thomas-Splint.

The conservative treatment was used in earlier years. The number of these
cases is so small that no conclusions can be drawn. It looks as if the distribu-
tion of results was the same as in the rest of the material depending on the
degree of slipping. As at least one of these patients had become worse and
the degree of slip had increased during walking with elbow crutches it is
obvious that fixing the epiphysis at an early stage diminishes the risk of fur-
ther slipping and a poorer result. A conservative treatment seems therefore
to be seldom justified.

OPERATIVE TREATMENT
Results by nailing

Table 13 shows the result of treatment according to degree of slipping in
cases where the capital epiphysis was fixed by nailing.
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Table 13

Results by nailing

Results
, No. Excellent
Degree of slipping Hips orgood Fair Poor
Slight ......... .. ... ... ..., 17 17 — —
Under 1/3 ... ...t 19 16 3 —
Under 1/2 ........ ... o i, 11 10 1 —
Over 1/2 ... .. 3 1 1 1
Complete ............oiiii... — — — —
All 50 44 5 1

When a Smith-Petersen or vitallium nail is used, the literature records cases
in which the nail pushes the capital epiphysis forward before the nail. It is also
possible that a thick nail may split the epiphysis. In the present material
complications of this type did not occur in a single case {Figs. 4-6). In 3
cases, however, the nail was driven too far and penctrated the joint cartilage
of the epiphysis. In only one case was necrosis of the epiphysis observed at
follow-up examination. (Fig. 3.) A closed reduction had been performed in
connection with nailing. In this case the caput had slipped about half the
extent, and closed reduction was performed during the operation. The patient
felt no subjective discomfort worth mentioning. The Gade mobility index was
56, but because of changes in the X-ray the condition as a whole was con-
sidered poor (Fig. 3). In the 3 cases, in which the nail had penetrated the
joint cartilage, no signs of this could be seen in the follow-up X-rays.

In 2 cases the nail came out and the patient had to be operated again.
In one of these cases one month had elapsed since the operation and in the
other case 5 months. In the latter the slipped epiphysis was bilateral and the
nail came out on both sides: it therefore had to be driven in again several
months later. In one case it was observed that the nail did not fix the epiphysis
and the patient was re-operated 6 weeks after the first operation.

In only one case were Moore pins used. In this case a postoperative X-ray
control showed that these were placed in the dorsal part of the femoral neck,
where they did not fix the epiphysis. It was therefore necessary to remove
them five weeks after operation. The condition healed nevertheless with a
good result.



Fig. 4. Left hip of a boy aged 14 at the time of nailing. This is the same case as in Fig. 1.

A. — The degree of slipping was regarded as slight and the capital epiphysis fixed with a
vitallium nail.

B. — Two months after nailing.

C. — Six years 3 months after operation at the follow-up examination. The patient had done
his military service. No pains, no limb. No discrepancy of the legs. The Gade index over 85
in both hips. The result was regarded as excellent.



Fig. 5. Left hip of a aged 11 at the time of nailing.

A. — The degree of slipping was considered to be less than half of the cxtent of the epiphysis.
The Jateral view on the right.

B. — The cpiphysis was fixed with a vitallium nail without an attempt at closed reduction.
Closed reduction had been attempted at another hospital previously without success, This
X-ray was taken 3 months after nailing and as can be scen in the lateral view the protruding
Part of the neck in its upper comer has resorbed.

C. - At the follow-up 314 years after operation the hip movements were free except for the
slight resiriction of the internal rotation. No discomfort. No Limp. Index of mobility according
10 Gade was over 85. The result was considered excellent,




Fig. 6. Left hip of a gifl aged 12 at the time of nailing.
A. ~ The degree of slipping was considered as less than hall of the extent of the epiphysis.
The slipping can be seen in the antero-posterior X-ray too,

B. — The epiphysis was fixed with a Smith-Petersen nail. The X-ray was taken two months
postoperatively.

C. — Nine years after operation. No discomfort. Plays tennis and other sports like skiing, and
swimming. No limp. No discrepancy of the legs. Index of motion according to Cade 85, T'he
result was regarded as excellent
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Howorth’s operation

The Howorth operation or bone pegging has been practised at our hospital

since 1961. Up to the end of 1965 a total of 15 operations according to this
method had been performed. The number is now somewhat higher.
The indication for this kind of fixing of the epiphysis has been a slipping of at
least 1/3 of the extent of the capital epiphysis, usually more. The operation is
in our opinion simple and easy to perform. The postoperative mobilisation of
the patient is quick. The patients have been allowed to move with elbow
crutches in 2—3 weeks after operation without weight bearing and full
weight bearing is allowed according to signs of closure of the epiphyseal plate
in the X-ray. This has usually been in 2—3 months postoperatively. The
passive and active joint movements are begun during the first postoperative
week. (Figs. 7 and 8).

Table 14 shows the results of Howorth operation at the time of follow-up
examination according to the degree of slipping.

Table 14

Results with Howorth operation

Results
Excellent
Degree of slipping No. orgood Fair Poor
Slight ...... P 0 0 0 0
Under 1/3 ........ oot 2 2 0 0
Under 1/2 ... ..o iiviiiit 5 2 2 1
Over 1/2 ... i 8 7 0 1
Complete ...........ooiviiiiia 0 0 0 0
Al L 15 11 2 2

In one case regarded as poor at the follow-up, a closed reduction had been
attempted previously at another hospital without result. The degree of slip
was under 1/2 but was mostly backwards so that the position of the leg was
in external rotation. Possibly a subtrochanteric correction osteotomy should
have been indicated. This was not performed, however. At the follow-up
almost 4 years after operation the movements of the hip were the same as
before the operation except for rotations, which were absent. The patient
had no symptoms but in the X-ray a slight arthrosis was evident. The Gade
mobility index was 45.



Fig. 7. Left hip of a boy aged 13 at the time of Howorth operation.

A. — The degree of slip was regarded as less than third of the extent of the epiphysis. Adduc-
tion and internal rotation were limited before operation. The left leg was 1 cm shorter than
the right.

B. — 314 months after bone pegging operation according to Howorth,

C. — 2 years and 5 months after operation at follow-up. No discomfort, The internal rotation
limited. Walks without limp. The index of motion 77.5. The result was regarded as good.



Fig. 8. The left hip of a girl aged 12 at the time of Howorth operation.

A. — The degree of slip was regarded as over half of the extent of the epiphysis. The internal
rotation was absent before operation.

B. — Three months after Howorth operation. The bone pegs are clearly seen.

C. — Four years 7 months postoperatively. No discomfort. Works in a shop as a salesgirl. No
limp. No discrepancy. All movements are free, including the internal rotation. Gade index
835. The result was regarded as excellent.

4
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In the other case regarded as poor there was nothing exceptional. The degree
of slip was over 1/2. The patient was 4 weeks in bed postoperatively and began
full weight-bearing in 4 months. Later a subtrochanteric osteotomy was
regarded as indicated for varus-external rotation deformity, but for some
reason this was not performed. Obviously this would not have improved the
mobility, which poor was very already preoperatively. There were only 30
degrees of flexion while other movements were absent. At the follow-up only
15 degrees of flexion were observed. The Gade mobility index was 9. The
patient had no symptoms. In the X-ray of the hip there was a superficial
necrosis of the femoral head and acetabulum similar to the so-called Wal-
denstrém’s disease. In both cases regarded as poor no obvious reason for this
was observed at the operation itself.

In one case regarded as fair at the follow-up an attempt of closed reduc-
tion was made during the operation. The position of the head could not be
changed however. In a postoperative X-ray one tibial graft was observed to
have penetrated the surface of the femoral head into the joint. At the follow-
up 5 years after operation the femoral head was deformed in the X-ray but
the tibial grafts had resorbed.

In both cases regarded as fair a subtrochanteric osteotomy was performed.
The Gade mobility index was 61 in one case and 66 in the other. The latter
was a patient with a pituitary tumour. His height at the follow-up was 218
cm. He was treated by radiotherapy before orthopedic operations.

As our indications for Howorth operation have occurred in patients with
more advanced slippings the results can be regarded as good in our opinion
(Figs. 7, 8).

Wedge osteotomy

In nine cases in this material a wedge osteotomy of the femoral neck was
performed. The wedge was taken from the middle of the neck with its base
in the upper anterior part so that the varus external rotation deformity could
be corrected. In five cases a postoperative immobilisation in a plaster hip
spica for from 6 to 8 weeks was used. The fragments were fixed in all cases
with a Smith-Petersen nail. In one case the nail came out of the neck after 4
weeks and the patient had to be operated again. An intertrochanteric correction
osteotomy was done at the same time as refixation of the fragments. The result
in this case was excellent six years later at the follow-up.

The results at the follow-up according to the degree of slipping are shown
in Table 15.
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Table 15

Results with wedge osteotomy

Results
Excellent
Degree of slipping No. orgood Fair Poor
Slight ........ccoivviiiiiiiian., 0 0 0 0
Under 1/3 ......... ... ... ... 0 0 0 0
Under 1/2 ... .. ... ... ..., 2 2 0 0
Over 1/2 .. .o, 6 6 0 0
Complete .............. ... 1 0 1 0
Total ... ..o i 9 8 1 0

All these osteotomies were performed between 1957—1960. As reports
by different authors were less encouraging they have not been performed
since. As can be seen in Table 15 the results at the follow-up in this small
group of wedge osteotomies are surprisingly good and correspond to results
reported recently by Dunn (1964) and others (Figs. 9, 10 and 11). It is unlikely
however that an osteotomy of the neck should be indicated in cases where
the degree of slipping is small, as the results without such an osteotomy in
these cases are excellent or good even in this material.

Open reduction

Open reduction here means an operative repositioning of the epiphysis
of the femoral head without resection of the neck.

The open reductions were performed in 1954 — 1963, and they were four in all.

After open reduction the femoral head was fixed with McLaughlin nail
in two cases, with Smith-Petersen nail in one case and was left without internal
fixation in one case. Plaster immobilisation was used in two cases.

One case was regardsd as excellent at follow-up 11 years after operation.
The Gade mobility index in this case was over 85. The patient had been
classified as a Grade A during the military service. He had no symptoms, no
limp, no discrepancy. The radiologic appearence of the head was good.

The result in two cases was regarded as good. The Gade mobility index
Was 81 in one patient and 75 in the other. They had no symptoms. One of
them came to follow-up 13 years after operation the other 6 years after oper-
ainH- Despite the lack of symptoms they were not accepted for military ser-
Vice. The head was slightly deformed in both cases in the X-ray (Fig. 12).



Fig. 9. The left hip of a boy aged 14 at the time of a wedge osteotomy.

A. — The degree of slip was regarded as over half of the extent of the epiphysis. The boy
felt pain in the hip for 6 months.

B. — One month after a wedge osteotomy. The fragments were fixed with a Smith-Petersen
nail and a plaster hip spica was applied for a month.

C. — Nine years 6 months postoperatively. No discomfort. Slight limp. The left leg is 2 cm

shorter. Except for internal rotation the hip movements are free. Index of mobility 77. Re-
sult was considered good.



Fig. 10. The left hip of a girl aged 14 at the time of a wedge osteotomy.

+ — The degree of slip was estimated as over half of the extent of the epiphysis. Rotations
and abduction were absent before operation. The left extremity was 21, cm shorter.
» — A few weeks after a wedge osteotomy and fixation with a Smith-Petersen nail.

C. — Eight years 5 months after operation. Walks almost without a limp. The left leg is 115 cm
shorter, The internal rotation is limited, otherwise hip movements are free. No discomfort.
Index of mobility 85. The result was regarded as excellent.



Fig. 11. Right hip of a girl aged 11 at the time of a wedge osteotomy.

A. — The degree of slip was complete. Traction was applied for one month without effect.

B. — One week afier a wedge osteotomy and fixation with a vitallium nail. A slight necrosis
of the epiphysis was noticed a few months after operation and a Thomas splint was wsed. The
nail was removed two years after operation.

C. — Seven years after operation. No discomfort. Walks with a slight limp. No discrepancy
of the legs. The rotations are restricted. Gade index 70. The result was regarded as fair.
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The result in one case was regarded as poor at the follow-up. In this case
the fragments were fixed with a McLaughlin nail which obviously penetrated
the surface of the femoral head into the joint. This was evident in the special
control X-rays after operation. The nail was left in place, however, and re-
sulted in cartilage necrosis of the femoral head. At the follow-up 4 years
after operation the patient felt pains on strain. The Gade mobility index
was 54 but because of the appearance in the X-ray the result was regarded
as poor (Fig. 13).

Thus the results in three of four cases were excellent or good after 6—13
years follow-up. Only one result was regarded as poor and even in this case
the reason for a poor result was not the open reduction itself but a nail pen-
etrating the joint cartilage. The number of operations is so small, however,
that no further conclusions can be made according to the value of this oper-

ation, or the risk involved.

ALL TYPES OF TREATMENT

The result with all types of treatment summarised are shown in Table 16.

Table 16
Results with different types of treatment
Results
Excellent
Treatment No.Hips  or good Fair Poor
Nailing 50 44 5 1
Howorth oper. 15 11 2 2
Wedge ost. 9 8 1 —
Open reduct. 4 3 — 1
Other oper. 9 1 7 1
Cons.treat. 11 4 5 2
All 98 71 20 7

The group “other operations” contains 7 subtrochanteric and intertro-
chanteric osteotomies, one drilling operation and the previously mentioned
Judet arthroplasty after an unsuccessful open reduction. In the present ma-
terial 5 other intertrochanteric or subtrochanteric osteotomies were perfor-
Mmed after nailing or Howorth operation. These have not been mentioned
S¢parately, however. The Judet arthroplasty led to a poor result. It was per-
formed, as mentioned, in connection with an unsuccessful attempt at open
Teduction, and the arthroplasty itself produced a painful condition later.



Fig. 12. The right hip of a boy aged 15 at the time of open reduction and an intertrochanteric
osteotomy.

A. — The degree of slip was over half of the extent of the epiphysis.

B. — One month after an open reduction and an intertrochanteric osteotomy. Plaster hip spica
was used for one month. The fragments were fixed with a McLaughlin nail.

C. — Seven years after operation. No discomfort. Walks with a slight limp. The right lower
extremity is | cm shorter. The index of motion is 81. The result was regarded as good.



Fig. 13. The left hip of a boy aged 16 at the time of an open reduction.

A. — The degree of slip was over half of the extent of the epiphysis. All hip movements were
restricted.

B. — Three weeks after an open reduction and fixation with a McLaughlin nail. The nail
seems (o be in place but in tangential X-ray it was seen 1o penetrate the joint surface of the
cpiphysis. As the paticnt did not have any symptoms the nail was left in place for four months,
and then removed.

C. — At the follow-up three years 8 mounths postoperatively. The patient felt pain in the hip
after walking. Walks with a limp. The left lower extremity is | c¢m short, The rotations are
absent, Abduction and adduction 10 —15 degrees. Gade index 34. Signs of cartilage necrosis
in the X-ray, similar to the so-called Waldenstrom’s desease. The result was regarded as poor.
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Denervation was carried out later, but brought no relief. Eventually arthrod-
esis was performed at another hospital. The result was naturally considered
poor. In the two conservative cases with poor results, the patient on whom
operative reduction had been attempted elsewhere came for follow-up ex-
amination 6 years after the original operation without the slighest discom-
fort. There was a 5 cm shortening of the lower limb, the Gade mobility in-
dex was 12, and the X-ray picture showed that the capital epiphysis had
almost disappeared. The other patient came for follow-up 9 years after the
original visit. There had been a slipping of over half the extent of the epi-
physis. He had advanced stiffness in the hip. The X-ray showed that the
head was completely deformed. The Gade index was 46. The result was
considered poor.

As shown earlier in the literature, the extent of slipping has an impor-
tant effect on results. Table 17 therefore shows the whole material classified
according to degree of slipping, irrespective of treatment.

Table 17

Result with all types of treatment according to displacement

Results
Excellent
Degree of slipping No.Hips  or good Fair Poor

Slight 18 18 —

Under 1/3 25 20 5 —
Under 1/2 24 16 7 1
Over 1/2 29 17 7 5
Complete 2 — 1 1
All 98 71 20 7

Although operations in this series have been performed by several differ-
ent methods and by different surgeons over a period of 20 years, and although
some cases have remained untreated because of neglect or incorrect diag-
nosis or have been treated conservatively, it appears that the extent of slip-
ping has a vital influence on results. Thus in cases which have been consid-
ered satisfactory or poor at follow-up, slipping has usually been half or more
than half the extent of the capital epiphysis. This is natural, because de-
formity resulting from considerable slipping and disturbance in development
of the femoral head obviously has an adverse effect on the result, regard-
less of treatment.



DISCUSSION

The etiology of the slipped upper femoral epiphysis is quite evidently con-
nected with hormonal influence at least in some respect. Roughly 30 per
cent of the patients in this material were overweight or even more clearly
had an endocrine disturbance. As Harris (1950) observed an excess of the
growth hormone may weaken the epiphyseal plate and the sex hormone
strengthens it against tangential strain. The tallest boy in this material was
218 cm or 7 ft 3 ins. It is naturally of some importance that not all cases
of slipped epiphysis are bilateral. On the other hand the diagnosis of
very slight slip which may recover without treatment is very difficult. Using
a careful and thorough technique of examination Billing and Severin (1959)
found evidence of a bilateral slip in 80 per cent of cases. A mere weakening
of the epiphyseal plate without displacement may even then escape diag-
nosis. (Figs. 1, 2.) Thus a very high percentage of cases are after all bilateral.

If a lateral radiograph is taken, the diagnosis of a slipped femoral epiphysis
is in most cases easy. This is often neglected however, and in an anteropos-
terior radiograph a slight slip can only be diagnosed with difficulty de-
spite the typical signs described by Jerre (1950) and Waldenstrém (1939).

Howorth (1966) has stated that there exists a so-called preslipping stage in
which there is only swelling of the synovial membrane and villous formation.
In this material there were 11 hips in which the only sign of a slip was wid-
ening or irregularity of the epiphyseal line in the lateral X-ray or a slip of
1 —2 mm only. Six of these patients felt pains in the hip but five did not.
Thus obviously a preslipping stage may exist without symptoms.

Traction did not seem to affect the result of treatment in this material.
Its use has therefore been abandoned at our hospital in the preoperative
treatment of a slipped epiphysis.

Closed reduction was successful in four cases out of ten in this material. Of
these four cases in which the closed reduction was considered to have im-
proved the position of the head, only one was regarded as good at the fol-
low-up. One was poor and two fair. It seems to us that a closed reduction
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is only indicated, if the slip is very recent and the degree of slipping is at
least half the extent of the capital epiphysis, since results by nailing or Ho-
worth operation without reduction are reasonably good in mild cases. On
the other hand, if the slipping is severe or complete, the position of the head
should be corrected either by closed reduction or better still with a wedge
osteotomy.

The number of cases of open reductions and wedge osteotomies is very
small, so that absolute conclusions cannot be drawn from the results obtained.
It seems, however, as if a wedge osteotomy might have a place in the treat-
ment of a severe slip if the operation can be performed by a skilled surgeon.

The Howorth operation was regarded as an easy and safe procedure.
The result in two cases regarded as poor at the follow-up may result from
other causes than the operation method itself, probably too wide an exposure
at operation. In most cases operated according to Howorth the degree of
slipping was more than half the extent of the capital epiphysis, and this of
course affects the result.

The results by nailing with a Smith-Petersen nail in this series are mostly
good. Complications that might occur with a trifin nail were observed only
in very few cases and recovered without treatment in most of them. Only
one case in 30 was regarded as poor at the follow-up, and in this case a closed
reduction had also been performed. In recent years, we have used only thin
nails intended for children. The only complication that occurred was that
the nail reached too far and penetrated the joint cartilage. This of course
can be prevented with proper operation technique and with a careful X-ray
control.

Follow-up examination showed that the fixation of the epiphysis is indi-
cated in cases of slight and moderate slipping because its neglect may allow
an increase of slipping later and affect the result adversely. In the entire
material the results were much better with any type of treatment in cases
of slight or moderate slip. The more severe the slip the less favorable is the
result. Therefore an early diagnosis of a slipped upper femoral epiphysis is
the surest guarantee of a good result, as it is in the treatment of many other
conditions in medical practice.



SUMMARY

The authors have analysed a total of 99 treated hips with a slipped fe-
moral epiphysis, of which 98 were re-examined at follow-up. The average
observation time was 6. 7 years. The longest observation time was 19 years.
There were 19 bilateral cases. The degree of slipping was assessed from a
lateral X-ray. Slipping was classified as slight, under 1/3, under 1/2, over
1/2 and complete slipping.

Fifty-one hips were treated by nailing, and 50 of these patients appeared
for follow-up. Fifteen hips were treated by Howorth’s bone pegging oper-
ation, 9 by wedge osteotomy, 4 by open reduction, 7 by intertrochanteric or
subtrochanteric osteotomy. One was treated by Judet arthroplasty and one by
drilling. Eleven cases were treated conservatively, i.e. no operation was per-
formed. Actual conservative treatment was given to 4 patients only. The
remainder had been operated on in other hospitals or neglected.

Results were assessed from the patient’s own estimation, from clinical ex-
amination and from X-rays. In clinical examination the Gade index was
used. An index of 50 or less was considered poor.

At follow-up examination of the 50 nailed cases 44 were excellent or good,
5 fair and only one was poor. Of those 15 operated by the Howorth method
11 were excellent or good, 2 fair and 2 poor. After wedge osteotomy 8 cases
were good or excellent, one was fair and none poor. After open reduction
3 were excellent or good, one was poor. The present material showed that
the extent of the slipping had a marked effect on the result of treatment:
when the slipping was less than half the extent of the epiphysis excellent
or good results were achieved in 54 cases of 67 (80.6 per cent), fair in 12
(17.9 per cent) and poor in only one (1.5 per cent), regardless of the type
of treatment or the method of operation. When the slipping was over half,
however, 17 cases out of 31 (54.8 per cent) were excellent or good, 8 fair
(25.8 per cent) and 6 poor (19.4 per cent). In the whole material 71 cases
out of 98 (72.5 per cent) were excellent or good, 20 fair (20.4 per cent) and
7 poor (7.1 per cent).
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