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Abstract

Background The most commonly used method for
unstable slipped capital femoral epiphysis (SCFE) remains
in situ fixation. Depending on the surgeon’s preference,
screws or Kirschner wires are used for stabilizing the
slipped upper femoral epiphysis. The purpose of this study
was to evaluate the ability of a single cannulated screw
with a proximal threading to ensure stabilization, growth,
and remodeling of the slipped epiphysis.

Methods A retrospective study was performed identifying
23 children treated for unstable SCFE under 50° by means
of a single cannulated screw with proximal threading. All
patients attended a radiological evaluation immediately
after surgery and at physeal closure. The width of the
epiphysis cut by the Klein line, the width and length of the
femoral neck, the centrocalcar distance (CCD) angle, and
the articulotrochanteric distance (ATD) were evaluated.
Results  All patients had a stabilized epiphysis at the last
follow-up, with no case of recurring slip. Radiological
comparison of the affected side between the preoperative
and the last follow-up evaluation showed a statistically
significant improvement in the neck length and width.
Conclusion Fixation of the epiphysis using proximally
threaded screws allows the preservation of femoral neck
growth. The cannulated screw with proximal threading
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seems to be a safe and relevant implant to help to restore a
close-to-normal hip at skeletal maturity.
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Introduction

Slipped capital femoral epiphysis (SCFE) is a common
disorder of the adolescent hip. It is characterized by a
displacement of the upper femoral epiphysis in a dorsal,
medial, and caudal direction. Although a number of non-
operative and operative treatment strategies have been
described [1-9], in situ fixation in order to stabilize the
physis by effecting a closure of the physis is a treatment
recommended by many surgeons.

Depending on the surgeon’s preference, screws [2, 4, 5,
10] or Kirschner wires [11, 12] are used for stabilizing the
slipped upper femoral epiphysis. Most authors agree to
support the observation that single cannulated screw fixa-
tion is associated with a lower complication rate [2, 4] but
generates premature growth arrest. Significantly greater
shortening of the femoral neck has been reported in
patients with screw stabilization compared to other meth-
ods [13].

Kirschner wire pinning appears to be less compromising
to the growth plate and to the remodeling capacities of the
upper femur [14]. Single-pin fixation has been favored
increasingly because the overall rate of complications
seems to be directly related to the number of pins or screws
inserted [14, 15].

In our opinion, the goal of a fixation device used for
unstable SCFE should be stabilization while allowing
continued growth. The purpose of this study was to
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evaluate the ability of a single cannulated screw with a
proximal threading to ensure stabilization, growth, and
remodeling of the slipped epiphysis.

Materials and methods

A retrospective study was performed identifying 23 chil-
dren treated in our department between 2001 and 2005 for
unstable SCFE under 50° by means of a single cannulated
screw with proximal threading. Many investigations on the
method of fixation in SCFE have been carried out on
unstable hips. Unstable SCFE only were selected in this
study in order to make a comparison possible. The popu-
lation consisted of 14 boys and nine girls with a mean age
of 11.4 years (range, 5-16 years) at the time of surgery.
Clinical history was extracted from the patient files. The
mean age at the time of surgery was 10.25 years for the
girls (range, 5-13 years) and 12.6 years for the boys
(range, 11-16 years). All had a unilateral slip. The left hip
was the affected side in 59% of the cases.

Surgical technique

After admission in the department, all patients were
initially treated with painkillers and placed at bed rest
without any traction until early surgical procedure. All
patients were operated within 12 h after admission. The
surgical procedure consisted of percutaneous in situ fix-
ation of the epiphysis with a single cannulated screw
with a proximal threading. All procedures were per-
formed on a fracture table under fluoroscopic control
with the lower limb slightly internally rotated. In none of
the cases was a SCFE reduced or manipulated to obtain
reduction. The optimal screw location was perpendicular
to the physis, with the tip of the screw located at the
center of the epiphysis on the anteroposterior (AP) and
the lateral views. The contralateral unaffected epiphysis
was always fixed using the same cannulated screw and
the same technique. The epiphysis was stabilized with a
single 6.5-mm cannulated screw with a proximal 30-mm
threading (Medicalex, France) (Fig. 1). The screw length
varied from 60 to 110 mm.

Postoperatively, all patients were allowed partial
weight-bearing on the affected lower limb using crutches
for 3—4 weeks.

Follow-up assessments
All patients attended a radiological evaluation immediately
after surgery and at physeal closure. The mean follow-up

was 31 months (range, 14-61 months). Preoperative,
postoperative, and last follow-up AP and lateral projection
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Fig. 1 Photograph showing two different sizes of cannulated screws
with proximal threading

radiographs were reviewed by an independent observer to
evaluate growth and remodeling of the upper femur: the
width of the epiphysis cut by the Klein line, the width and
length of the femoral neck, the centrocalcar distance
(CCD) angle, and the articulotrochanteric distance (ATD).
The grade of the slip was defined as mild (<30°), moderate
(30°-50°), or severe (>50°) using the lateral head-shaft
angle as described by Southwick [16]. The length of the
femoral neck was determined as the distance between the
intertrochanteric line and the femoral head across the
center of the femoral head. The width of the femoral neck
was measured at the narrowest part of the neck, perpen-
dicularly to the femoral neck axis. The CCD angle was
measured between the line parallel to the femoral neck
through the center of the femoral head and the axis of the
femoral diaphysis. The ATD was defined as the distance
between the summit of the greater trochanter and the
summit of the femoral head. Radiological abnormalities
such as avascular necrosis and chondrolysis was also noted.
Measurements of the proximal femur should vary accord-
ing to the amount of hip rotation at the time of taking the
radiograph. We paid special attention to obtaining AP
views with the patella strictly forward. However, the
period between all the examinations was long. There was
surely some inaccuracy in our measurements, but we
could not perform a computed tomography (CT) scan for
all patients.

Statistical analysis

The difference between the affected and the unaffected
operated sides was evaluated using Student’s t-test for
dependent samples. A P-value equal to or below 0.05 was
considered to be statistically significant.
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Results

On preoperative radiographs, there were 17 mild (<30°)
and six moderate (<50°) unilateral SCFE. The average slip
angle was 23° for the mildly and 46° for the moderately
affected hips.

Despite the fact that there was no attempt of reduction
maneuver, the immediate postoperative radiographs
revealed that there were 22 cases of mild SCFE and only
one case of a moderate SCFE. At the last follow-up, there
were two cases of moderate SCFE as one hip developed a
progressive slip despite the screw fixation. At the last fol-
low-up, the average slip angle was 12° (21 cases) for mild
SCFE and 48° (2 cases) for moderate SCFE.

The radiological assessments are recorded in Table 1.

The average distance of the upper epiphysis cut by the
Klein line on the affected side was 1 mm on the preoper-
ative radiograph and 5 mm on the last follow-up
radiograph.

On the unaffected side, the portion of epiphysis cut by
the Klein line widened from 5.38 mm on the preoperative
X-ray to 7 mm on postoperative evaluation. The progres-
sion with time of the width of epiphysis cut by the Klein
line was statistically significantly lower on the unaffected
than on the affected side (P = 0.004), revealing the
remodeling effect on the affected side.

The preoperative CCD angle was 134° (range,
112-154°). At the last follow-up, it was 134° (range,
120-150°) (NS). On the unaffected side, the CCD angle
remained at 135.5° pre- and postoperative evaluation.

At the last follow-up, both the affected and unaffected
femoral necks had continued to grow. On the affected side,
the length of the femoral neck was 56 mm (range, 32-70
mm) on the preoperative radiographs and 61 mm (range,
50-74 mm) at the last follow-up (P = 0.0016). The aver-
age growth was 5 mm. At the last follow-up, the mean
length of the femoral neck was 67 mm on the unaffected
side. On the unaffected side, the neck growth averaged
7 mm between the preoperative and the last follow-up

Table 1 Preoperative and last follow-up radiological assessments

evaluations. The unaffected side grew more than the
affected side (P = 0.03).

On preoperative radiographs, the neck width was 34 mm
(4 mm) on the affected side and 33 mm (&4 mm) on the
unaffected side (P = 0.24, NS). At the last follow-up, the
neck width was 41 mm (£5 mm) and 38 mm (%4 mm),
respectively. The difference was significant (P = 0.004),
revealing the enlargement of the femoral neck on the
affected side.

The ATD on the slipped side decreased by an average of
2 mm from 20 mm (+7 mm) on preoperative radiographs
to 19 mm (£7 mm) at the last follow-up. On the unaffected
side, this distance decreased by an average of 1 mm from
25 mm (47 mm) to 24 mm (47 mm). At the last follow-
up, there was no statistically significant difference between
the normal and slipped side relative to the evolution of the
ATD (P = 0.44).

There were no cases occurrences of chondrolysis or
avascular necrosis at the last follow-up.

In eight patients (six boys and two girls), the growth of
the femoral neck over the unthreaded portion of the screw
left the epiphysis with no mechanical support, as if the
epiphysis was “growing away”. The screw had to be
changed once for a longer one in seven of these patients. In
the last patient (aged 5 years at the time of diagnosis), the
screw had to be changed three times and screwed further
once (Fig. 2).

Discussion

The purpose of this study was to evaluate the ability of a
single cannulated screw with a proximal threading to
ensure stabilization, growth, and remodeling of the slipped
epiphysis.

The type of implant used to fix the epiphysis remains
controversial. Screw fixation seems to be associated with a
lower complication rate [2, 4, 10, 17, 18]. Therefore, sin-
gle-screw fixation is, at present, the most common

Radiological Affected side Unaffected side
parameters - - - - 3 -
Width of epiphysis Mean Mean Mean ATD Width of epiphysis Mean Mean Mean ATD
cut by the Klein CCD neck neck (mm) cut by the Klein CCD neck neck (mm)
line (mm) angle (°) length width line (mm) angle (°) length width
(mm) (mm) (mm) (mm)
Preoperative 1 134 56 34 21 5 135 56 34 25
Last follow-up 6 134 61 41 19 7 135 67 38 25
Last follow-up— 5 0 5 7 -2 2 0 11 5 —1
preoperative
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Fig. 2 a Immediate post-
operative anteroposterior (AP)
view showing the slipped
capital femoral epiphysis
(SCFE) fixed with one
cannulated screw with proximal
threading. b Same patient;
anteroposterior view 8 months
after surgery. ¢ Same patient;
anteroposterior view 16 months
after surgery. d Same patient;
anteroposterior view 20 months
after initial fixation. Between
parts ¢ and d, the screw has
been screwed in further in order
to keep the tip of the screw in
the epiphysis and, therefore, to
avoid further slippage

treatment for SCFE [19]. The implant commonly used is a
distally threaded cannulated screw. The main consequence
of the use of distally threaded screws is the femoral neck
length shortening. Morscher et al. [13] showed significantly
greater shortening of the femoral neck in patients treated
with screws than in patients treated with other methods (1.2
vs. 0.6 cm). The neck length itself is important for hip
function. An unphysiological offset may influence the
biomechanical function of the muscles around the hip and
may lead to stress concentration, which might result in the
development of osteoarthritis [13]. Moreover, it has been
recently demonstrated that the disturbed upper femoral
contour and shape resulting from SCFE may lead to fem-
oroacetabular impingement [20-22]. Ideally, epiphyseal
fixation in SCFE should be performed with the implant that
is less compromising for growth and remodeling of the
proximal femur. Seller et al. [14] reported that the averaged
femoral neck lengths were 5.7 mm shorter in the affected
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hips than in the unaffected hips at the last follow-up in their
patients treated with Kirschner wires. It is less than the
difference reported by Morscher et al. [13] after fixation
with distally threaded screws (1.2 cm).

In the present study, all patients had a stabilized
epiphysis at the last follow-up, with no case of recurring
slip. All but two patients had closed physeal plates on hip
radiographs. The cannulated screw with a proximal
threading was efficient in stabilizing SCFE without any
complications.

Radiological comparison of the affected side between
the preoperative and the last follow-up evaluations showed
a statistically significant improvement of the neck length
and width. However, these measurements were signifi-
cantly higher in the unaffected side. The proximal thread-
ing seems to allow a significant growth of the proximal
femur on the affected side but the remaining growth
potential is lower than in the unaffected side. Our findings
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are very close to those reported by Seller et al. in their
series of patients treated with Kirschner wires [14]. Fixa-
tion of the epiphysis using proximally threaded screws
allows the preservation of the femoral neck growth as if
Kirschner wires had been used. Placing a single screw in
the femoral neck is de facto associated with a lower risk of
intra-operative complication [23] in comparison to placing
Kirschner wires that need repetition of the procedure three
times. With multiple pins, the possibility that one or more
will protrude into the joint is increased and pin protrusion
can be associated with the development of chondrolysis.
Guzzanti et al. [24] have used a modified cannulated screw
with a short distal threaded segment placed entirely within
the epiphysis. They kept the screw head at 2-3 cm lateral
to the lateral femoral cortex in order to allow continued
physeal growth. This is also a seducing stabilizing method
which allowed significant remodeling of the proximal
femur anatomy in their series. The principle is similar and
the results comparable to the current series.

Unaffected contralateral side hips were used as controls
to compare the femoral growth after screw fixation. It
would have also been interesting to compare our patients
with patients treated with distal threaded screws to verify
the effect of proximal threaded screws. However, in our
hands, all patients with unstable SCFE are now treated with
proximal threading cannulated screws. We did not have a
population of patients treated with distal threaded screws to
make a comparison study possible.

Interestingly, the width of the epiphysis crossed by the
Klein line significantly improved with time, suggesting a
significant remodeling of the epiphysis. On the other hand,
one could argue that this improvement of the upper femoral
morphology was also due to the intra-operative partial
reduction of the slippage. Indeed, despite the care taken not
to reduce the epiphysis, the immediate postoperative
radiographs revealed that, in five cases, the slippage
improved from a moderate to a mild grade. However,
trying to prevent proximal growth plate closure is, for us,
crucial in order to improve the proximal femoral shape and
decrease the risk of femoroacetabular impingement.

Proximal threading cannulated screws seem to allow
continued physeal growth and to improve the shape of the
proximal femoral anatomy. We now routinely use proximal
threading cannulated screws for all SCFE. In our opinion,
there is no additional risk to using this device, even in older
patients. A physeal closure is more likely to occur close to
skeletal maturity, but the growth potential is less signifi-
cant. Therefore, one may object to using this type of fix-
ation in older patients due to the risk of further slippage and
the limited benefit on the shape of the proximal femur.
However, the proximal threading cannulated screws may
significantly improve the management of young SCFE
patients.

Prophylactic pinning of the contralateral unaffected side
was performed, as patients who are first seen with unilat-
eral SCFE are at a 2.3 times greater risk for the develop-
ment of a contralateral slip than those who have never had
a slip [25]. Some authors recommend prophylactic pinning
of the contralateral hip because of this increased risk of
contralateral slip and the noted association between SCFE
and the development of osteoarthritis [26-28].

The management of SCFE is still a controversial topic in
pediatric orthopedics. It is clear that there is a premature
development of advanced osteoarthritis of the adult hip
joint in SCFE patients [29]. It is, therefore, mandatory to
restore a normal anatomy and function of the hip before
irreversible articular lesions are made. Significant
improvement of the surgical management has been recently
performed. In our opinion, the cannulated screw with
proximal threading seems to be a safe and relevant implant
to help restore a close-to-normal hip at skeletal maturity.
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