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Trapezoidal Bony Correction of the Femoral Neck in the
Treatment of Severe Acute-on-Chronic Slipped Capital

Femoral Epiphysis

Miguel Akkari, M.D., Ph.D., Claudio Santili, M.D., Ph.D., Susana Reis Braga, M.D., M.Sc., and
Giancarlo Cavalli Polesello, M.D., Ph.D.

Purpose: To present the first technical description of a modified surgical technique for trapezoidal bony
correction of the femoral neck in the treatment of slipped capital femoral epiphysis (SCFE), performed
entirely by arthroscopy. Methods: From December 2005 to January 2008, 5 patients with severe SCFE
underwent trapezoidal femoral neck bone correction through arthroscopy. Their mean age at the time of
surgery was 13.2 years. The time for postoperative follow-up ranged from a minimum of 12 months to
a maximum of 39 months (mean, 26 months). The study analyzed data regarding the type of slip, degree
of correction obtained, clinical and functional outcomes, and complications. Results: Analysis with the
modified Harris Hip Score criteria showed a mean of 17.2 points preoperatively and 86.6 points at the last
assessment. The mean epiphyseal deviation ranged from 82° at the initial presentation to 14° postoper-
atively. There were no intraoperative complications, and there was 1 case of avascular necrosis. Con-
clusions: Arthroscopic treatment of SCFE resulted in correction of the angles of epiphyseal slip (from a
mean epiphyseal-diaphyseal angle of 82° before surgery to 14° after surgery), with no immediate
complications and 1 case of a late complication (avascular necrosis) in this 5-patient series. Clinical
improvement was shown by a mean 69.4-point increase in the modified Harris Hip Score. Level of
Evidence: Level IV, therapeutic case series.
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he slipped capital femoral epiphysis (SCFE) in
the acute-on-chronic form is characterized by the

cute slippage of the femoral head over a chronic
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CFE.1 Treatment depends on many factors, such as
ge, type of slip, degree of deviation, extent of exist-
ng mobility, and aspect of the joint cartilage. Un-
reated cases are condemned to fair results regarding
ange of movement, functional disability, and early
steoarthritis.2,3 The major controversies in the treat-
ent arise when there are severe slips, and there are

everal techniques for their correction, which may be
ivided based on anatomic site: subtrochanteric, inter-
rochanteric, or intracapsular (at the femoral neck).4-8

ndoubtedly, osteotomies performed in the femoral
eck offer the best correction opportunity9,10 because
hey are held at the apex of the deformity, but they
ave been related to a high incidence of complica-
ions.11-14

Some descriptions of arthroscopic findings in SCFE

ases appear in the literature.15,16 However, they show
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nly exploratory procedures and arthroscopic joint
ebridement in the treatment of impingement.
The purpose of this study is to present the first

echnical description of a less invasive way of achiev-
ng the femoral neck trapezoidal bone resection in
evere cases, performed by arthroscopy, followed by
ercutaneous femoral epiphysis fixation. The hypoth-
sis was that it would be possible to perform endo-
copic femoral neck remodeling, visualize reduction,
nd help in the fixation of severe cases of SCFE.

METHODS

This is a prospective, observational study, including
ll consecutive patients submitted to wedge bone correc-
ion of the femoral neck by arthroscopy in acute-on-
hronic SCFE between December 2005 and February
008 at a public university hospital. The inclusion
riteria were severe SCFE, marked restriction of
ovements, open femoral capital femoral physis, no

rior treatment, progression of the slip (acute-on-
hronic SCFE), and no signs of necrosis or chondrolysis.

Five patients were operated on arthroscopically in
he period and fulfilled the inclusion criteria; there
ere 3 boys and 2 girls, and there were 3 left and 2

ight hips. Their age at the time of surgery ranged
rom 11 years 11 months to 14 years 8 months (mean,
3 years 2 months). The time of postoperative fol-
ow-up ranged from a minimum of 12 months to a
aximum of 39 months (mean, 26 months).
The time between acute worsening of SCFE and

urgery, the degree of deformity and correction ob-
ained, and the immediate and late complications were
nalyzed. For the clinical evaluation, the criteria of the
odified Harris Hip Score17 were applied in the pre-

perative period and at the last evaluation.

maging

The epiphyseal-diaphyseal angles were measured
n radiographs, front and frog-leg lateral views, pre-
peratively and postoperatively. To determine the de-
ree of slippage, the criteria of Southwick7 were used:
rade I or mild slip, an angle of up to 30°; grade II or
oderate slip, between 30° and 60°; and grade III or

evere slip, above 60°.
Computed tomography scan was performed in 2

atients for a better understanding of the initial dis-
lacement. During follow-up, aseptic avascular osteo-
ecrosis,18,19 chondrolysis,20 and loss of reduction

ere evaluated.

T
r

echnique

Patients were placed in the supine position on a
adiolucent table, without traction and using a C-
rm.21 All patients underwent sufficient arthroscopic
one resection to allow reduction of the femoral neck
y arthroscopy, and percutaneous fixation was carried
ut with 2 cannulated screws of 7 mm in diameter,
ith a thread size of 16 mm.
For arthroscopic access, 2 portals were used, 1

nterolateral and 1 anterior,22 with a 70° arthroscope
nd 4.5- to 5.5-mm cannulas. The burr was modified:
t was cut, reducing the length of its external sleeve, to
acilitate bone resection in various directions (Fig 1).

The technique consists of resection of a segment of
he femoral neck bone in a trapezoidal shape. The
eduction of unstable slips poses some risks to the
lood supply. Because of that, we produce a shorten-

IGURE 1. (A) Modified burr used in this surgical approach. (B)

he external sleeve was cut, reducing its length, to facilitate bone

esection in various directions.
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1491ARTHROSCOPY OSTEOTOMY IN EPIPHYSIOLYSIS
ng of the femoral neck with a trapezoid-shaped re-
ection, reducing the risk of stretching the vessels. The
urgery starts with the anterior resection, measuring
pproximately 1.5 cm, using as the proximal limit the
rowth cartilage of the femoral epiphysis. The largest
asis of this trapezoid is located in the anterior region
f the neck, perpendicular to the plane of slip of the
piphysis; the lower base is located in the posterior
egion of the femoral neck, with approximately 0.7
m, enough to release the femoral head, although it
ould be augmented until the femoral head was com-
letely released from the neck and no tension was felt in
he posterior capsule. The measurement of this wedge is
etermined during surgery, by trial and error (Video 1,
vailable at www.arthroscopyjournal.org).

The resection is extended to its distal portion form-
ng the minor basis of the wedge. At the end of
esection, there must be a complete discontinuity be-
ween the epiphysis and the femoral neck, and inde-
endent movement between the neck and epiphysis is
ossible (Fig 2 and Video 1 [available at www.arthros-
opyjournal.org]). Fluoroscopy was used to navigate the
one remodeling in conjunction with arthroscopy at all
imes.

A capsulotomy was not performed. The posterior
iew was obtained from inside the trapezoid “hole”
hat was previously resected. The retinacular vessels
ere difficult to visualize, but the reduction of the
ead was performed only if it was completely loose.

IGURE 2. Bone resection for trapezoidal bony correction of fe

nterolateral and anterior portal accesses. (B) Bone resection of femoral
osterior side. (C) Reduction of femoral head and fixation of epiphysis w
Afterward, 2 guidewires with cannulated screws
ere inserted percutaneously, with verification by ar-

hroscopic vision of their correct positioning toward
he femoral neck. Epiphyseal reduction was carried
ut with a smooth maneuver of traction, flexion, and
nternal rotation of the hip. The guidewires were in-
roduced and checked by fluoroscopy. Fixation of the
piphysis was completed with 2 cannulated screws,
ith the surgeon looking for compression (Fig 2C).
In the immediate postoperative period, joint move-
ents are stimulated actively and passively. Two

rutches are used, and full weight bearing is gradually
llowed when there are radiographic signs of consol-
dation.

RESULTS

The time between the acute worsening of SCFE and
he procedure ranged from 1 to 60 days (mean, 23
ays). The values of the preoperative modified Harris
ip Score ranged from 11.1 to 39.6 points (mean, 17.2
oints), and the score at the final evaluation ranged
rom 69.3 to 100 points (mean, 86.6 points). Figure 3
hows preoperative imaging in a patient with SCFE.
he correction obtained, as shown by the preoperative
nd postoperative modified Harris Hip Scores, can be
bserved in Table 1.
There were no intraoperative or immediate postop-

rative complications. The fixation was possible in all

neck. (A) Initial displacement of epiphysis and introduction of
moral

neck in a trapezoidal shape with larger anterior side and smaller
ith 2 screws.

http://www.arthroscopyjournal.org
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http://www.arthroscopyjournal.org
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1492 M. AKKARI ET AL.
ases (Fig 3D). The preoperative frog-leg angle
anged from 70° to 90° (mean, 82°). The postoperative
orrection ranged from 0° to 25° (mean, 14°). On
verage, full weight bearing was achieved in 3 months
Fig 4).

In 1 patient (case 4) we observed avascular necrosis
AVN) of the femoral head 4 months after surgery,
nd the screws had to be withdrawn. The patient was
dvised to avoid weight bearing, using crutches after
VN was detected, and she is under observation.

DISCUSSION

SCFE is a disease of unknown etiology,1,23 and
lthough it has been described for more than a cen-
ury, the treatment of the severe forms is still a chal-
enge, is controversial, and has high complication
ates.6,10-14 The results referred to in the literature with
he open method are controversial and very discour-
ging based on the complication rates; this makes
ome authors advocate for postponement of sur-
ery.11-14,24 The aim of using this technique was to
etermine whether it was technically possible to

IGURE 3. Imaging before, during, and after trapezoidal bony co
CFE on left side of a 12.5-year-old girl. (B and C) Preoperative
rog-leg views of left side 2 years postoperatively showing anothe
fter surgery.
chieve correction by hip arthroscopy.22,25 s
When the slip occurs with an acute onset over a
hronic SCFE, a special clinical situation is designed,
here the neck, which has not undergone adaptive

emodeling, impinges against the acetabular rim and
romotes a great restriction of movements. In this
ifficult situation, with a large gap between the fem-
ral head and the neck, the major functional impair-
ent would be a reasonable indication for surgical

orrection at the femoral neck.
We chose the anterior and lateral portals for easier

ccess to the anterior region, where resection of a
arger amount of bone is needed. These portals are
lso safer, avoiding vascular lesions. According to the
ork of Trueta,26 Chung,27 and Ogden,28 the main
ascular supply of the femoral epiphysis is dependent
n the posterior medial retinacular arteries. Besides, in
cute-on-chronic slips, the anterior retinacular vessels
re commonly torn.

Excessive resection can cause shortening of the
emoral neck. Conversely, insufficient resection may
inder reduction of the epiphysis and, by tensioning
he posterior retinacular vessels, cause an ischemic
esion of the femoral epiphysis. Both conditions

n by arthroscopy in case 1. (A) Preoperative radiograph showing
uted tomography scans of same patient. (D and E) Anterior and
onth in situ fixation performed on right side. (F) Scarring 2 years
rrectio
comp

r 15-m
hould be avoided. The posterior view is indeed dif-
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1493ARTHROSCOPY OSTEOTOMY IN EPIPHYSIOLYSIS
cult, and the arthroscopic optical device is inserted
hrough the trapezoidal “hole.” Operative planning
egarding the amount of bone to be resected is done
ntraoperatively. Even when we tried to calculate be-
ore surgery the amount of bone to be resected, this
roved unsuccessful, because during surgery, we often
aw that it was necessary to resect more or less bone.
he most important parameter is to check whether the
ead is completely loose before performing reduction.
In fact, we believe that the reason for the AVN in

ase 4 was related to insufficient bone resection in the
nferior-posterior region, probably because of a late
resentation (60 days). The patient was referred to our
pecialized center from a distant and poor region of
he country and already had a partially healed lesion
hen admitted. The epiphysis was not free enough in

elation to the femoral neck, leading to a huge diffi-
ulty in its reduction. We believe that it is essential to
ompletely release the epiphysis before the maneuver
f reduction.
The greatest difficulty was found in the resection of

he posterior portion of the femoral neck. We suggest
hat surgeons start opening an anterior wedge, care-
ully heading to the posterior part of the femoral neck,
rying to visualize the bone limits and the retinacular
essels.
We chose to perform fixation with 2 screws parallel

TABLE 1. Demographic Description of Adolescent Patie
and Preoperative and P

Variable Patient 1 Patient 2

ex F M
ide affected L L
ge (mo) 150 155
cute worsening time* (d) 25 1
ront angle (°)
Preoperatively 75 100
Postoperatively 145 125

rofile angle (°)
Preoperatively 70 90
Postoperatively 8 26
odified Harris Hip Score
Preoperatively 12.1 11
Postoperatively 96.8 100

rticular width (mm)
Preoperatively 5 4
Postoperatively 5 3

ollow-up (mo) 39 34
omplications — —

*The “acute worsening time” refers to the period of intense and
ariability among the patients is because all of them were referred
o each other and perpendicular to the femoral epiph- a
sis because we believe that the use of only 1 screw
ould not give enough stability.29,30

A comparison of the results of the analysis using the
odified Harris Hip Score preoperatively and at the

atest assessment found significant improvement, with
mean of 17.2 points preoperatively to 86.6 at the

nal evaluation. It is noteworthy that even the patient
n whom epiphyseal necrosis developed has also
hown an improvement thus far, ranging from 39.6
oints initially to 69.3 points at the last assessment.
The technique used was effective in correcting the

ngles of epiphyseal slip, ranging on average from 82°
o 14°. The mean correction achieved by arthroscopy
n this study would be considered acceptable in our
ospital if achieved by open surgery.
By avoiding the open capsulotomy, it is possible to

chieve early mobilization; our previous experience
ith the open method showed the opposite. Although

t was not the aim of the study, it was noted that the
esthetic result is also superior to that of the open
ethod (Fig 3F), because only small incisions are
ade, for portals and for percutaneous screws. This
as a gratifying point for these young patients. If we

onsider the shorter hospitalization, minor bleeding,
nd low rate of infection with arthroscopic surgery by
tself,22,25 it is possible that this technique can yield
dvantages and theoretically lower complication rates,

o Underwent SCFE Surgical Correction by Arthroscopy
rative Clinical Results

3 Patient 4 Patient 5

F F
R R

143 176
60 15

100 100
150 140

90 70
20 0

39.6 11.1
69.3 70.4

5 4
2 4

20 12
AVN of femoral neck and chondrolysis —

onset of pain and not the onset of chronic symptoms. The great
r specialized service by other hospitals.
nts Wh
ostope

Patient

F
L

169
14

85
130

90
20

12.1
96.8

3
4

26
—

acute
nd we will continue to study this possibility.
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IGURE 4. Imaging before, during, and after trapezoidal bony correction by arthroscopy in case 4. (A) Radiograph showing SCFE on right

ide in a 11.9-year-old girl. (B) Preoperative computed tomography scan of right hip. (C) Radiograph taken 1 year after surgery showing AVN
arrow) in right hip. (D and E) Photographs 1 year after treatment, showing (D) abduction of hip and (E) flexion of hip.
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1495ARTHROSCOPY OSTEOTOMY IN EPIPHYSIOLYSIS
Although the results of this study are encouraging,
his is a preliminary study, and the short follow-up
ime and small sample are limitations. Increasing the
ample size and the follow-up period is obviously
ecessary.

CONCLUSIONS

Arthroscopic treatment of SCFE resulted in correc-
ion of the angles of epiphyseal slip (from a mean
piphyseal-diaphyseal angle of 82° before surgery to
4° after surgery), with no immediate complications
nd 1 case of a late complication (AVN) in this
-patient series. Clinical improvement was shown by
mean 69.4-point increase in the modified Harris Hip
core.

Acknowledgment: The authors thank J. W. Thomas
yrd for the critical review of the text and for the incentive.
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