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Abstract

Purpose Unstable slipped capital femoral epiphysis is
rare, but is frequently associated with avascular necrosis.
The rapid and complete reduction of the epiphysis dis-
placement was shown to be responsible for this compli-
cation. We present the preliminary results of a progressive
reduction technique of epiphysis displacement.

Methods A total of 11 patients treated using progressive
traction and internal fixation were reviewed retrospec-
tively. Only children who underwent clinical and radio-
logical follow-up for at least 18 months were included in
this study to detect avascular necrosis.

Results The mean posterior displacement of the femoral
head was 67° and mean traction duration was 13 days. Of
the patients, 2 had cutaneous problems requiring traction
interruption, one on day 5 and the other on day 9. The mean
residual slip was 16° and 3 patients had complete or partial
avascular necrosis well tolerated at the final follow-up.
Conclusion Our experience showed that if traction is
supported for more than 2 weeks, a good correction of the
epiphysis displacement can be obtained. Our short series
does not allow affirmation of the superiority of our thera-
peutic strategy, especially with regards to avascular
necrosis of the femoral head.
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Introduction

Slipped capital femoral epiphysis (SCFE) is the most
common disorder of the hip in early adolescence. The
mean age of patients in whom SCFE occurs is 12 years old
for girls and 14 years old for boys. This pathology is
characterized, most often, by a progressive posterior dis-
placement of capital femoral epiphysis from the femoral
neck [1]. The femoral head remains trapped in the ace-
tabulum. This epiphysis slip leads to a deformation and
retroversion of the upper femoral end. The incidence of
SCEFE is approximately 2 per 100,000 in the general pop-
ulation [2]. Various forms of SCFE have been described.
Stable forms occur in 80% of the cases. The symptoms are
often moderated and evolve over several weeks or even
months. In contrast, there are the ‘‘unstable” slips [3],
which can occur on previously unknown stable slips. The
proof of this pre-existent slip is radiological, showing a
remodelling and new bone formation at the epiphyso—
metaphyseal junction. Thus, hip or knee pain precedes the
brutal episode that reveals the epiphysis slip. The dis-
placement involves a violent and sudden pain of the hip
and a total impossibility to walk without crutches. Thus,
unstable SCFE is considered as a ‘“‘femoral neck fracture™
without violent traumatism. Two devastating complications
are most frequently associated with unstable SCFE: avas-
cular necrosis (AVN) and chondrolysis [4]. Whereas
chondrolysis can occur spontaneously, rapid and complete
reduction of epiphysis displacement has been shown to be
responsible for AVN [5-7].

The purpose of this work was to present the preliminary
results of a progressive reduction technique of epiphysis
displacement. Technical details of the technique are pre-
sented. The advantages and disadvantages of our technique
are discussed.
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Materials and methods
Previously used technique

At our department, until 1997, we reduced the displace-
ment of the unstable SCFE in emergency under general
anaesthesia by moderate traction with or without progres-
sive medial rotation applied on an orthopaedic table. Plain
frontal and lateral radiographs proved epiphysis reduction
before surgical metaphyso—epiphyseal fixation. One or two
screws were percutaneously used for internal fixation. No
attempt was ever made to evacuate articular effusion. The
significant rate (30-50%) of AVN reported in the literature
[4-14] in response to manipulative reduction of unstable
SCFE under general anaesthesia led us to change our
method, taking into account that intempestive manoeuvres
under general anaesthesia could be dangerous for femoral
head vessels.

The progressive slip reduction by axial traction

Since 1997, we have reduced epiphysis displacement by
progressive traction without general anaesthesia. Thus,
patients underwent permanent longitudinal traction of both
lower limbs with sticking bands. Sticking bands were
placed longitudinally from the upper part of the tight down
to the ankle. Circular bands were then applied, avoiding
excessive tension. Skin tolerance was checked every day,
after removing and replacing circular bands. Slipped
epiphysis limb received a progressive traction in order to
reach up to 50% of the body weight (sometimes up to
25 kg in overweight children). The other lower limb re-
ceived a mid-weighted traction. The period of traction was
divided into three successive steps:

During the first week, the traction was progressively
increased, keeping the lower limb in the body’s axis.
Radiographs of frontal hips were repeated every 2-3 days
until an epiphyseal ascension was observed.

During the second week, after epiphyseal ascension was
obtained, a progressive abduction was applied, in order to
improve the reduction of the epiphysis slip. Frontal-hip
radiographs were also repeated every 2-3 days to control
the reduction.

During the third week, abduction was completed and
femoral internal rotation was obtained using a ‘‘derota-
tion” band surrounding the tight. Internal rotation of the
limb had to be carried out very carefully because, if the
epiphysis was insufficiently reduced, it could be dangerous
for the epiphyseal vessels. In this case, femoral internal
rotation could be responsible for a periosteum and vascular
twist at the posterior and inferior part of the metaphyso—
epiphyseal junction (Fig. 1). Frontal-hip radiographs were
used to assess epiphysis reduction at the end of the third
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Fig. 1 Excessive femoral internal rotation could be responsible for a
periosteum and vascular twist at the posterior and inferior part of the
metaphyso—epiphyseal junction

week. Once the correction was considered optimal, bilat-
eral epiphysis fixation using percutaneous screws was
performed. The unstable side was always operated on first
to avoid intempestive displacement due to the patient’s
positioning under general anaesthesia. This placement of
the patient was carried out carefully to avoid a brutal
additional epiphysis displacement, which could generate a
lesion of the epiphysis vessels.

After surgery, the patient had to stand up using crutches
within few days. Weight bearing on the unstable side was
not authorized before 6 weeks. A technetium 99* bone
scan was performed at the end of the first month to confirm
the vitality of the femoral head before walking without
crutches. Clinical and radiological follow-up was carried
out every 6 months. Our protocol of progressive reduction
by traction is summarized in Fig. 2.

Results

Between 1997 and 2004, 11 children—five boys and six
girls—were treated using this technique. Only those who
underwent clinical and radiological follow-up for at least
18 months were included in our study for detection of
AVN. Mean age was 11 years and 10 months old (10- to
14-year old). The mean body mass index was 24.09 kg/m?,
which corresponds to a moderate obesity. Mean follow-up
was 3 years 2 months (18 months to 5 years).
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Initial diagnosis

First week

Progressive axial traction
Te55* or MRI (head vieality %)

Second week

Bilateral fixation

Clinical and
radiological follow-up

Fig. 2 The three successive steps of the epiphysis reduction using the
progressive axial traction technique

Unstable displacement was due to minor trauma (fall
from patient’s height) in 8 cases. Of the children, 5 expe-
rienced moderate pain of the hip or knee for several weeks,
which suggested the presence of a preexisting stable
epiphysis.

In all cases, following the unstable displacement, the
walk was impossible without crutches. Frontal and lateral
radiographs of the hip showed unstable displacement of
capital femoral epiphysis. Mean lateral (posterior) dis-
placement was 75° (60-85°).

Mean traction duration was 13 days. Of the patients, 2
had cutaneous problems requiring traction interruption, one
on day 5 and the other on day 9. At the end of the traction
period, the mean residual posterior displacement of the
femoral head was 16°. The correction of the slip angle was

Table 1 Details of corrections using the progressive axial traction
technique

Patient  Initial Traction  Traction Final Gain
slip duration  weight (kg)  slip (degree)
(degree)  (days) (degree)

1 40 9 12 15 25

2 50 16 14 0 50

3 60 5 10 45 15

4 60 16 12 40 20

5 75 12 12 15 60

6 80 28 11 0 80

7 80 13 18 10 70

8 85 11 21 15 70

9 85 10 11 10 75

10 75 22 13 20 55

11 65 20 14 15 50

Fig. 3 Example of a bilateral percutaneous fixation after epiphyseal
reduction during a 3-week period in patient 10

from 15° to 80°. The details of the traction procedure are
summarized in Table 1.

Both capital epiphyses were fixed percutaneously in all
patients (Fig. 3). The post-operative course was uneventful
for all patients.

At final follow-up, 8 children had satisfactory clinical
and radiological results. In all 8, the femoral head was free
from any sign of AVN, with no modification of the residual
posterior displacement. A complete AVN was observed in
2 patients. At the 4-year follow-up, hip function remained
satisfactory, despite articular progressive destruction
(Fig. 4). These 2 children had no pain during the first
4 years of follow-up. A third patient had a limited peri-

Fig. 4 A case of complete avascular necrosis in patient 7. Four years
after surgery, this state remains well tolerated
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foveal AVN. This child remains completely asymptomatic
2 years after the surgery.

Discussion

The unstable forms of SCFE are rare but can have disas-
trous consequences on the anatomy and the function of the
hip [4, 8, 11]. Their treatment remains a current problem
for many surgeons [4]. On the one hand, fixing the
epiphysis without reduction has been proposed by several
authors [15]. This manner of treatment ought to be pro-
posed only in cases of small slip, because epiphysis dis-
placement leads to a coxa retrorsa with vicious attitude in
external rotation of the lower limb, limited internal rotation
of the hip and a risk of mid-term osteoarthosis. On the
other hand, correcting epiphyseal displacement increases
the risk of AVN and rapid destruction of the hip [6, 9].

The origins of chondrolysis, which can also be respon-
sible for early osteoarthosis, remain debatable. Some au-
thors [16, 17] argue that intra-articular hip effusion,
constant in unstable SFCE, is responsible for articular
cartilage necrosis. This is the reason that a systematic
evacuation of the intra-articular effusion during surgical
treatment was proposed. Other authors suggest that chon-
drolysis could be secondary to technical problems, such as
joint space effraction during pin or screw placement. For
Sternlicht and Aronsson [8, 18], chondrolysis is the con-
sequence of the osteosynthesis device protrusion in the
articular space due to femoral head collapse secondary to
AVN.

Few studies [4-6, 8-14] concern the treatment of
unstable cases of SCFE. The results of these studies are
sometimes biased by the fact that the ‘‘unstable” type of
SFCE is not precisely defined in patients’ inclusion criteria.
In a study by Peterson that included 91 ‘‘unstable’” SCFEs
[14], posterior epiphyseal displacement was often moder-

Fig. 5 Under normal A
conditions, the posterior-
superior retinacular vessels
provide the major blood supply
to the epiphysis (a). The
postero-superior retinacular
vessels can be disrupted under
traumatic circumstances, such
as during unstable SCFE (b)
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ated; this was not very evocative of unstable SCFE cases.
However, this study did show the interest of a fast reduc-
tion of capital slip under general anaesthesia.

AVN is a devastating complication of unstable SCFE,
secondary to the interruption of epiphyseal vessels. AVN
incidence varies between 25% and 50% of cases [4] and
seems to increase when a reduction of the displacement is
performed under general anaesthesia. The vascular anat-
omy of the proximal femur has been well described by
Trueta [19-22]. Although variations among gender and
race have been reported, a fairly consistent vascular pattern
persists throughout life [23]. The posterior-superior reti-
nacular vessels provide the major blood supply to the
epiphysis. These vessels lie loosely under the synovial
membrane along the postero-superior aspect of the femoral
neck. The postero-superior retinacular vessels can be dis-
rupted in traumatic circumstances, as in unstable SCFE
(Fig. 5). Under this pathological condition, the epiphyseal
vascularization is made by rare anastomotic vessels
between the antero-inferior retinacular vessels and the
round ligament artery. It is likely that the ischaemia of
the femoral head in unstable SCFE occurs at the time of the
unstable episode. The evaluation of epiphysis ischaemia is
difficult during this phase. Sometimes, we performed an
early technetium 99* bone scan, the analysis of which was
difficult because the epiphyseal displacement hid the tracer
fixation. In our opinion, early MRI needs to be taken into
account, which we now do in our department.

We propose that, even in the case of supposed initial
ischaemia of the femoral head, a progressive reduction by
traction must be performed. Due to the very high weight
needed for reduction, skeletal traction could be proposed.
In our experience, with a precise and careful technique and
monitoring, skin traction is an effective and less invasive
technique even if the duration of traction could be
responsible for skin problems, as in two cases of the current
series. The reduction in emergency of unstable SCFE does

Epiphyseal lateral A :

attesies B Epiphyseal lateral arteries
Postero-superior \ Postero-superior
retinacular arteries “ob1 retinacular arteries
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not solve the problem of postero-superior retinacular vessel
disruption and can be responsible for a worsening of the
epiphyseal ischaemia by inducing a rupture or a vasospasm
of the remaining intact vessels. We had to deplore three
AVN in our short series of patients. Because of these
complications and our limited experience and cohort, we
cannot affirm the superiority of our therapeutic strategy,
especially with regards to AVN incidence. The exhaustive
results of this procedure need to be assessed with a larger
cohort of patients. Nevertheless, the progressive traction
technique provided satisfactory reductions of epiphyseal
displacements, making the performance of epiphyseal fix-
ations with favorable mechanical conditions possible.
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