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Evaluation of femoral head vascularization
in slipped capital femoral epiphysis before
and after cannulated screw fixation with use
of contrast-enhanced MRI: initial results

Abstract In this study we used
contrast-enhanced magnetic
resonance imaging (MRI) to evaluate
the vascularization of the femoral
head in children with slipped capital
femoral epiphysis (SCFE) before and
after cannulated screw fixation.
Eleven consecutive children with
SCFE, seven boys and four girls, aged
10-15 years were included in the
study. There were no preslips; four
children had acute, three acute-on-
chronic, and four chronic SCFE. The
MRI examinations were performed in
a 1.5 Tesla MR scanner with use of a
coronal STIR sequence, a coronal
contrast-enhanced T1-weighted spin-
echo sequence, and a sagittal three-
dimensional gradient-echo sequence.
Morphology, signal intensities, and
contrast-enhancement of the femoral
head were assessed by two radiolo-
gists in consensus.

Morphologic distortion of the physis,
bone marrow edema within the
metaphysis and epiphysis, and joint
effusion were the preoperative MRI
findings of SCFE in each child. In
nine children, the vascularization of
the femoral head before and after
surgery was normal. In one child, a
preoperative avascular zone in the
superolateral aspect of the epiphysis
revascularized completely after
surgery. One child with severe SCFE
developed avascular necrosis of the
femoral head after open reduction of
the slip. We conclude that MRI allows
for accurate evaluation of the femoral
head vascularization before and after
surgery in children with SCFE.

Keywords Slipped capital femoral
epiphysis - Magnetic resonance
imaging - Hip - Necrosis - Children -
Skeletal system

Introduction

Slipped capital femoral epiphysis (SCFE) is a typical disease
of puberty with a reported prevalence of up to 10 per 100,000
[1, 2]. Although the etiology of SCFE is unknown, the
condition may be associated with biomechanical factors,
such as obesity, increased femoral retroversion, and
increased physeal obliquity, or with endocrine disorders
such as hypothyroidism and hypogonadism [3]. The goal of
treatment is to prevent additional slippage while avoiding the
complications of avascular necrosis and chondrolysis. In situ
fixation with multiple pins has a high complication rate, with
the development of additional slippage, chondrolysis, and
avascular necrosis in up 20—40% of cases, whereas in situ

fixation of SCFE with cannulated titanium screws provides
better results [2, 4, 5]. Because of only minor susceptibility
artifacts in contrast to pins, the use of titanium screws
enables surgically treated hips to be assessed by magnetic
resonance imaging (MRI) [6]. The purpose of this study was
to use contrast-enhanced MRI to evaluate the femoral head
vascularization before and after cannulated screw fixation.

Materials and methods

Eleven consecutive children with SCFE, seven boys and
four girls age 10—15 years, were included in the study.
Their diagnoses were based on the findings of the
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radiographs, of which anteroposterior and lateral frog-leg
(Lauenstein) views were obtained in each child. The
classification of SCFE was done traditionally according to
patient history, physical examination, and radiographic
findings. The severity of the slip was determined by the
lateral head-shaft angle as described by Southwick [7].
This slip angle is measured on the frog-leg lateral
radiograph and describes the difference between the
femoral shaft and a perpendicular of the femoral epiphysis.

All preoperative MR examinations were carried out
within 2 weeks before surgery (mean time 3.8 days), and
the postoperative MRI examinations were carried out
within 8 weeks after surgery (mean time 31.7 days). The
MRI examinations were performed in a 1.5 Tesla MR
scanner (Philips, Best, Netherlands) using the magnet’s
body coil and with the unsedated children placed in supine
position. The examination protocol included a coronal fat-
suppressed short tau inversion recovery (STIR) sequence, a
coronal contrast-enhanced T1-weighted spin-echo (T1SE)
sequence with subtraction images, and a sagittal three-
dimensional (3D) gradient-echo (FFE) sequence (cartilage-
sensitive). The scan parameters of the sequences were as
follows: STIR: TR 1,400-1,600 ms, TE 30-60 ms, TI 110—
120 ms, TSE factor 10-12, slice thickness 3—4 mm, NEX
4-6, matrix 226:256. TISE: TR 524-600 ms, TE 15—
21 ms, slice thickness 3—4 mm, NEX 2-3, matrix 179:256—
256:512. FFE: TR 60 ms, TE 14-18 ms, slice thickness
3.0-3.4 mm, NEX 24, matrix 212:256-228:512.

For contrast enhancement, gadolinium (Magnevist,
Schering, Berlin, Germany) 0.1 mmol’kg body weight
was injected intravenously. Morphology, signal intensities,
and contrast enhancement of the femoral heads were
assessed retrospectively by two experienced radiologists in
COnsensus.

All patients underwent surgery within 2 weeks (mean
time 3.8 days) after assessment of the diagnosis and

Fig. 1 Cannulated titanium
screw (a, b) and radiograph
(¢) after insertion of a single
screw into the right hip

performance of the preoperative contrast-enhanced MRI
examination. In nine children, bilateral in situ fixation of
the epiphysis with cannulated titanium screws (Konigsee
Surgical Implants and Instruments for Osteosynthesis,
Aschau, Germany) was performed. The length of the
inserted screws varied between 90 and 120 mm, the thread
diameter was 7.0 mm, and the thread length measured
16 mm (Fig. 1). A 9-year-old boy underwent open
reduction and internal fixation of the SCFE with two
screws on the left side and in situ fixation with a single
screw of the right epiphysis. In one child with acute-on-
chronic and severe SCFE on the left side, open reduction
and corrective osteotomy through the physis with sub-
sequent cannulated screw fixation were carried out,
whereas the contralateral epiphysis was fixed prophylacti-
cally with a single cannulated screw. All children under-
went clinical follow-up for at least 1 year (mean follow-up
time 2.1 years).

Results

The classification of SCFE in our patients revealed no
preslips. Four children had acute SCFE, three had acute-
on-chronic SCFE, and four had chronic SCFE. The head-
shaft angles of the affected hips varied between 16 and 72
degrees, representing mild to moderate SCFE in nine and
severe SCFE in two children. The preoperative MRI
examinations showed morphologic distortion of the physis,
bone marrow edema in the metaphysis and epiphysis, and
joint effusion within the hip with SCFE in each child
(Fig. 2). In chronic SCFE, the bone marrow edema and the
hip effusion were less pronounced.

Postoperative MRI of the hips was feasible in each child,
with only minor susceptibility artifacts due to the inserted
cannulated titanium screws. The bone marrow of the hips
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Fig. 2 A 12-year-old girl with acute slipped capital femoral
epiphysis of the right hip. The short tau inversion recovery image
(a) demonstrates joint effusion, distortion of the epiphysis, and bone
marrow edema of the metaphysis and epiphysis adjacent to the
physis. The postoperative contrast-enhanced T1-weighted spin-echo
image after cannulated screw transfixation shows normal vascular-
ization of both femoral heads

and especially the vascularization of the femoral head was
adequately assessable with contrast-enhanced MRI in each
case. The sagittal 3D FFE sequences, which were acquired
to assess the hip cartilage, demonstrated no signs of
chondrolysis, such as loss of cartilage and joint space
narrowing, in any examined hip in the postoperative MRI
examinations performed within a mean time of 31.7 days.
In nine children who underwent in situ fixation of the
slipped epiphysis with cannulated screws and in one child
who underwent open reduction of the epiphysis with
subsequent cannulated screw fixation, the vascularization
of the femoral head before and after surgery was normal
(Fig. 2).

In a 9-year-old boy with acute and moderate SCFE, the
preoperative MRI demonstrated an avascular zone in the
superolateral aspect of the left epiphysis. Subsequent open
reduction and internal fixation of the epiphysis with two
screws was performed, and the patient presented a
complete revascularization of the femoral head (Fig. 3) at
postoperative MRI.

One child with severe SCFE on the left side, who
underwent open reduction, corrective osteotomy through
the physis, and fixation with two cannulated screws,

developed an avascular necrosis of the femoral head, which
was evident on the postoperative MR images (Fig. 4). One
of the two inserted screws was immediately removed.
However, the radiographs 8 months later showed fracture
and deformation of the superolateral aspect of the femoral
head due to avascular necrosis (Fig. 4). The clinical follow-
up (mean time 23 months) of the children without evidence
of avascular necrosis of the femoral head on the postop-
erative MR images was unremarkable.

Discussion

The prognosis and outcome of SCFE is related to the
patient’s clinical presentation, the severity of the slip, and
the surgical method wused for treatment [2]. The
traditional clinical categories are defined as preslip,
acute, acute-on-chronic, and chronic SCFE and are based
on the kind and duration of symptoms. Acute SCFE is
characterized by clinical symptoms—such as pain in the
groin or knee, limited motion, and external rotation
deformity—that last for less than 3 weeks, whereas in
chronic SCFE, clinical symptoms are often present for
months [2]. If additional acute symptoms and a sudden
increase in the degree of the slip are noticed in patients
with chronic symptoms, the disorder is classified as
acute-on-chronic SCFE. In the preslip stage, a widened
and irregular physis as well as mild clinical symptoms
may be evident, but no slip is visible on radiographs [8].

Other authors prefer the clinical differentiation between
stable and unstable SCFE, which reflects whether the
patient is able to walk [9]. Another important prognostic
factor in children with SCFE is the severity of slip as
determined by the method of Boyer et al.: Slip angles of
less than 30 degrees are graded as mild, those of 30-50
degrees as moderate, and those of more than 50 degrees as
severe [10].

The most devastating complication of SCFE is avascular
necrosis. In several studies, the rates of avascular necrosis
were evaluated with regard to the different classifications
of SCFE. Kennedy et al. identified unstable SCFE as a risk
factor for the occurrence of osteonecrosis in contrast to
stable SCFE [11]. In a study of 204 patients, Tokmakova et
al. found no development of osteonecrosis in patients with
stable SCFE, whereas in patients with unstable SCFE the
risk of development of osteonecrosis increased with the
severity of slip [12]. In our study, the only patient with an
avascular zone on preoperative MRI suffered from acute
(unstable) and moderate SCFE, and it may be speculated
that the avascular zone within the slipped femoral head
would have been bigger in a more severe slip.

Other factors that influence the development of avascu-
lar necrosis are reported to be reduction of the slip, pin
penetration into the joint, location of pins or screws in the
superolateral portion of the epiphysis, an increased number
of pins or screws used for transfixation, and femoral neck
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Fig. 3 A 9-year-old boy with
moderate slipped capital femoral
epiphysis on the left side as
demonstrated by the initial
radiograph (a). The preoperative
magnetic resonance image
(short tau inversion recovery)
shows bone marrow edema,
joint effusion, and a high signal
of the epiphysis. At the supero-
lateral aspect of the femoral
head, a signal void due to
avascularization is visible

(b). After open reduction and
fixation with two screws (post-
operative radiograph c), the
gadolinium-enhanced magnetic
resonance image (T1-weighted
spin-echo) 6 weeks after surgery
reveals a complete normal signal
and morphology of the femoral
head (d)

Fig. 4 A 15-year-old boy with
severe acute-on-chronic slipped
capital femoral epiphysis on the
left side, as demonstrated by the
frog-leg plain radiograph

(a). The preoperative magnetic
resonance image (gadolinium-
enhanced T1-weighted
spin-echo) shows a normal vas-
cularization of the femoral head
on both sides (b). After open
reduction and internal fixation
with two screws, the gadolinium-
enhanced magnetic resonance
image (T1-weighted spin-echo)
4 weeks postoperatively reveals
a signal void (arrow) due to
devascularization of the cranial
aspect of the femoral head (c).
One screw was removed, but the
radiograph 8 months later shows
avascular necrosis with fracture
and deformation of the supero-
lateral aspect (arrow) of the
femoral head (d)
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osteotomy [2, 13—-16]. The average overall incidence of
avascular necrosis in most large series is 15% [14].
Percutaneous insertion of a single cannulated screw via a
guide-pin in the central area of the femoral head is a well-
accepted treatment procedure of SCFE in North America
and has shown a high rate of success, a low prevalence of
additional slippage, and a low complication rate [17-20].
In our study none of the patients who underwent stabili-
zation of SCFE with a single cannulated screw developed
avascular necrosis. If reduction of the SCFE is performed
and two screws are placed for transfixation, the risk of
avascular necrosis seems to be increased, as demonstrated
by the case of a 15-year-old boy with severe acute-on-
chronic SCFE in our study. In this case, the postoperative
MRI allowed for early diagnosis of the vascularization
deficit within the femoral head, and one screw, which was
positioned in the superolateral aspect of the epiphysis, was
immediately removed. Although the radiograph 8 month
later demonstrated fracture and deformation of the supero-
lateral part of the epiphysis, further damage to the femoral
head was probably avoided.

MRI has not often been used for assessing SCFE. The
morphologic appearance of SCFE was previously de-
scribed by Daschner et al., who described widened and ill-
defined epiphyseal plates on T1-weighted MR images and
joint effusion and increased signal intensity in the meta-
physis on T2-weighted MR images [21]. In other studies,
MRI was done to evaluate preslip in the contralateral hip of
children with SCFE. The MRI features of a preslip SCFE
included distortion of the physis, periphyseal bone marrow
edema, and joint effusion [6, 8, 22, 23]. In our MR study
we observed these morphologic changes of SCFE to be
most pronounced in acute and acute-on-chronic slips.

In our opinion, the main benefit of MRI in children with
SCFE is the noninvasive assessment of the vascularization
of the femoral heads without radiation. Maeda et al.
performed selective angiography of the medial circumflex
femoral artery in children with SCFE to examine whether
the vascular supply is damaged before reduction of the slip
[24]. With correspondence to previous MRI studies in
children with Legg-Calve-Perthes disease [25-27], MRI
was very effective in demonstrating the femoral head
vascularization in children with SCFE in our study. A
vascular deficit was clearly recognized in a 9-year-old boy
with acute and moderate SCFE before surgery. Because of
the MRI findings, the orthopedic surgeons chose open
reduction of the slip, although the slip was only moderate.
This surgical treatment may be controversial, but sub-

sequent revascularization of the epiphysis was evident on
the postoperative MR images. Without MRI, simple in situ
fixation with a cannulated screw would have been
performed, which might not have been sufficient to avoid
avascular necrosis of the femoral head. Further studies are
necessary to evaluate which surgical procedure—open
reduction versus transfixation—is most sufficient for
avoiding avascular necrosis in the case of a preoperatively
diagnosed vascularization deficit of the femoral head in
patients with SCFE.

Most reports concerning the evaluation of avascular
necrosis after pinning or screw fixation of SCFE are based
on postoperative radiographs and clinical follow-up
examinations [12—14]. Only a few reports concern the
use of early postoperative bone scan in SCFE. Fragniere et
al. reported on a high sensitivity of early postoperative
bone scan to detect avascular necrosis in a series of 49
children [28]. But in this report the authors also mention
how delicate the interpretation of bone scans is in this
pathology. MRI offers better spatial resolution than scin-
tigraphy and has successfully been used to assess Perthes
disease [25-27]. To our knowledge, postoperative MRI in
SCFE has not been used so far, which may be explained by
distortion of the MR images due to severe artifacts
resulting from the inserted pins. In our study we observed
on the postoperative MR images only minor artifacts
caused by the inserted titanium screws, and the images
could be interpreted accurately in each case. Furthermore,
the cannulated (titanium) screw fixation of SCFE also
enabled the use of gradient-echo sequences for assessing
the cartilage regarding chondrolysis; however, this com-
plication of SCFE was not observed in our patients during
the follow-up period.

Conclusion

Contrast-enhanced MRI allows for accurate evaluation of
the femoral head vascularization before and after cannu-
lated screw fixation in children with SCFE. Based on the
findings of preoperative MRI in children with SCFE,
further studies are necessary to assess which surgical
procedure is most efficient for avoiding avascular necrosis
of the femoral head in the case of a detected vascularization
deficit. Early detection of a postoperative loss of femoral
head vascularization enables early treatment to prevent
further damage to the hip joint.
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