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KEY POINTS

� Slipped capital femoral epiphysis is the most common hip disorder in children.

� The primary treatment goal includes the prevention of slip progression by stabilizing the
epiphysis while avoiding complications.

� There remains controversy about the optimal management of unstable slips as it relates to
technique, timing, capsulotomy with rates of avascular necrosis up to 60% in the literature.
INTRODUCTION

First described by the French surgeon Ambroise
Pare in the sixteenth century, slipped capital
femoral epiphysis (SCFE) remains a disease that
both intrigues and divides the orthopedic com-
munity.1 SCFE is defined as anterior superior
displacement of the metaphysis of the proximal
femur whereas the epiphysis remains within the
acetabulum. It is the most common hip disorder
affecting the pediatric and adolescent popula-
tions, with a variable reported incidence of
0.71 to 10.8 per 100,000.2,3 The incidence of
SCFE in Polynesian, Black, and Hispanic children
is 5.6, 3.94, and 2.53 times higher, respectively,
when compared with Caucasian children.3,4

SCFE more commonly affects boys with a
male-to-female ratio of 1.5. The age of onset
of SCFE is 12.7 to 13.5 years for boys and 11.2
to 12 years for girls.4,5 There is also seasonal
and geographic variability with higher incidence
in the north and western parts of the United
States than rates in the Midwest and South.
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DIAGNOSIS

The diagnosis of SCFE is largely based on the
physical examination supported by radiographic
imaging. However, careful history also plays an
important diagnostic role. Specifically, the dura-
tion of symptoms provides pertinent information
as to the acuity or chronicity of the slip. A retro-
spective analysis of 82 unstable SCFEs found
that greater than 85% of patients had symptoms
before the onset of the slip, with an average
duration of symptoms up to 6 weeks before
SCFE.6 Pain location is relevant as SCFE can
also manifest as knee pain. The diagnosis can
often be missed or delayed especially in patients
who present with knee rather than hip pain and
those who do not report severe pain. The history
should also include changes in gait or weight-
bearing status.

The classification system as described by
Loder and colleagues is based on physeal stabil-
ity to predict prognosis. A stable slip is defined
as having the ability to bear weight with or
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without crutches, whereas unstable slips are
ones whereby walking is not possible even with
crutch assistance.7 The Loder classification has
come under scrutiny in that it lacks mechanical
implications for stability. Stability can be defined
as whether the metaphysis moves in unison with
the epiphysis. Unstable slips are present when
there is independent movement between the
metaphysis and epiphysis at the time of
surgery.8

Physical examination findings suggestive of
SCFE include limping, limited hip flexion, and in-
ternal rotation, and painwith internal rotation.9,10

Drehmann’s sign, which refers to abduction and
external rotation of the hip with passive flexion,
is a diagnostic finding. Bilateral lower extremity
motion and rotational profiles should be docu-
mented and compared with identify motion re-
strictions that can occur in multiple planes.

Radiographic workup for SCFE includes ante-
roposterior (AP) pelvis and frog-leg lateral radio-
graphs. Klein’s line is the most widely known
radiographic measure of SCFE. This is deter-
mined by a line drawn along the femoral neck
that should intersect the epiphysis. Loss of this
intersection correlates with a slip. However,
early slips may show more subtle findings such
as widening or irregularity of the physis, sharp-
ening of the metaphyseal border of the femoral
head, periosteal elevation, loss of anterior con-
cavity to head–neck junction, and metaphyseal
blanch sign of Steel which is a double density
seen on AP radiographs due to the posterior
slip of the epiphysis.11 Fig. 1.

TREATMENT

The primary goal of treatment of SCFE is to sta-
bilize the physis thereby preventing slip
Fig. 1. Anteroposterior radiograph of the pelvis
demonstrating SCFE of left hip.
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progression and avoiding complications such as
chondrolysis and avascular necrosis. In situ screw
fixation is the gold standard in the management
of SCFE as it is a utilitarian technique that can be
performed by all orthopedic surgeons. Despite
its widespread use, the application and adjunc-
tive procedures used with in situ screw fixation
remain controversial. Utilization of this technique
for surgical treatment of unstable slips, and cur-
rent controversies, will be further discussed in
this section.

In Situ Pinning
The widespread use of in situ fixation in SCFE is
based on the work of Boyer and colleagues who
reported on the satisfactory outcome of 121 pa-
tients followed for up to 47 years. In their study,
patients with more severe slips fared better with
in situ pinning than those in whom reduction
was attempted.12 This study highlighted the
role of proximal femoral physeal remodeling af-
ter SCFE. The remodeling that occurs with time
has also been supported in additional studies.
Proponents of this theory believe that the resid-
ual deformity poses no clinically significant long-
term sequelae and as such, in situ fixation
is useful in the management of unstable
slips.13–15 In contrast, others argue that the po-
tential deformity may be significant and initial
management should involve more aggressive
primary procedures.

The controversy surrounding the treatment of
SCFE has been fostered by the paucity of litera-
ture regarding the outcome of in situ fixation for
unstable slips. In a comparative study, the out-
comes of stable versus unstable SCFE after in
situ fixation were reported by Lang and col-
leagues who found 11.1% AVN of femoral
head in unstable slips whereas a 1.2% incidence
was found in stable slips.16 This study evaluated
184 SCFEs, 9.8% of which were unstable; howev-
er, the mean follow time was only 3.2 months
which may not have provided adequate follow-
up time to obtain a true incidence of AVN for
these unstable slips. Wenger and Bowmar pro-
vided a review of the literature which included
their experience with unstable slips and recom-
mended that in situ fixation alone may not be
sufficient given the rates of AVN reported in
these cases. They also noted residual cam defor-
mity should also be considered as it can lead to
premature arthritis from articular cartilage
injury.17

The literature available leaves several unan-
swered questions regarding the necessity of
reduction, timing of surgery, number of screws,
and whether to perform capsulotomy.
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Reduction Technique
Whether or not an intentional reduction should
be performed at the time of in situ fixation is
an area of controversy. Some authors argue
that reduction has the potential to restore blood
flow to the femoral head in the case of twisted or
kinked vessels whereas others have concerns
regarding the potential for iatrogenic injury to
the retinacular vessels leading to the develop-
ment of osteonecrosis.18,19 Kitano and col-
leagues investigated risk factors for the
development of AVN after SCFE and found
that 7 of 21 unstable SCFE’s developed AVN.
The only factor that influenced AVN was closed
reduction.19 Interestingly, this was the case
with deliberate reductions and “serendipitous
reductions” (obtained with patient positioning).
Based on these findings, they recommend not
performing a reduction in unstable, acute slips.
In contrast, Loder and Dietz provided recom-
mendations in their 2012 systematic review of
the literature which found that the best treat-
ment of unstable SCFEs is gentle reduction,
decompression, and internal fixation.20 The se-
nior author’s practice is to assess physeal stabil-
ity in the operating room and if unstable, a
formal reduction using flexion, abduction, inter-
nal rotation followed by extension and adduc-
tion is performed, the joint is then reassessed
and if deemed acceptable, we then proceed
with in situ pinning.

Timing of Surgery
The optimal timing of reduction and operative
stabilization in the management of unstable
SCFE remains elusive. Unstable slips carry a sig-
nificant risk of AVN with rates up to 60% in
studies.7,19,21,22 Timely reduction may lead to
the restoration of blood flow to the femoral
head thus decreasing the risk of AVN. In Loder’s
classic paper, the definition of “early” as it per-
tains to surgical timing, was not clearly defined.7

A retrospective study by Kalogrianitis and col-
leagues sought to establish a recommended
timing for reduction of unstable slips. They
found that unstable slips are best stabilized
within 24 hours of the slip, if possible, or to delay
until 5–7 days to avoid the higher rate of AVN.23

This study introduced the idea of an unsafe win-
dow for the timing of surgical management in
unstable SCFE. This has been reviewed more
recently in a multicenter study by Kohno and col-
leagues who evaluated 60 patients with an un-
stable SCFE treated with closed reduction and
pinning or in situ pinning and found AVN devel-
oped in 16 of the 60 patients. The rate of AVN
was significantly higher in patients with closed
Downloaded for Anonymous User (n/a) at NHS Education fo
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reduction and pinning who had surgical inter-
vention between 24 hours and 7 days than those
treated before or after this time (10 of 13 pa-
tients, P 5 .002).24 There is inconsistency in the
literature on how timing is reported. Some
studies report time from presentation to the
hospital while others report time from symptoms
to surgical intervention. This heterogenicity
makes it difficult to precisely draw conclusions
on optimal surgical timing to avoid AVN or the
concept of an “unsafe window.”

Fixation with 1 Versus 2 Screws
One versus 2 screws in situ fixation has been
another topic of debate in unstable slips. In his
poll of North American surgeons, Sucato found
near unanimous agreement that 2 screws are
necessary for the management of unstable
slips.25 The rationale for 2 screw fixation has
been stronger biomechanical construct with
multiple points of fixation. This has been demon-
strated in previous biomechanical models,
whereby it has been found that 2 screws
construct increases stiffness by 33% than a single
screw fixation leading to a potential mechanical
advantage.26,27 This, however, may be techni-
cally difficult to achieve for some high-grade
slips. In high-grade slips as the epiphysis dis-
places from the metaphysis, the safe zone to
place a second screw across the physis narrows.
This poses a risk for improperly placed screws
and joint penetration. There are also concerns
that multiple screws may increase the risk of
osteonecrosis. This was reported by Tokmakova
and colleagues who found a higher incidence of
osteonecrosis in unstable slips treated with mul-
tiple pins.22 Other authors have found no differ-
ence in the rate of osteonecrosis between single
and multiple screw fixations. The senior author’s
preferred fixation is with one screw.

Capsulotomy
It has been theorized that hematoma and subse-
quent vascular compression could be a possible
mechanism in the etiology of AVN in unstable
SCFE.28,29 There remains inadequate data in the
literature to determine the best treatment
method for or against capsulotomy. Herrera-
Soto and colleagues reported themean intracap-
sular pressure of unstable SCFEs in 13 patients
during reduction and subsequent capsulotomy.
The intracapsular pressure increased aftermanip-
ulative reduction but dropped after capsulotomy
and decompression.30 In a meta-analysis report-
ing of pooled data of 17 articles with 302 unstable
SCFE, Ibrahim and colleagues found no associa-
tion between hip decompression and lower rates
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of AVN.31 In contrast, Parsch and colleagues re-
ported a 4.7%AVN rate in their study of operative
management of 64 unstable SCFEs.32 They attri-
bute to this low rate of AVN to emergent timing
of surgery, evacuation of the hematoma by per-
forming capsulotomy, and gentle controlled
reduction of the slip.

Vascular flow measurements before and after
capsulotomy may provide a means to study the
role of reduction and capsulotomy in femoral
head perfusion. Schrader and colleagues
reviewed 23 hips in which percutaneous intra-
capsular decompression was performed along
with ICP monitoring.33 (Fig. 2) At 2-year follow-
up, there were no AVN cases in patients who
had blood flow to the femoral head recorded
on ICP monitoring at the time of the study.
The best practice evidence has yet to be estab-
lished as it pertains to capsulotomy. Further
studies establishing the role of capsulotomy on
femoral head perfusion with mid to long-term
follow-up clinical studies are needed.

Modified Dunn
First described in 1964,34 subcapital realignment
osteotomy for SCFE has been modified and
popularized over the past 2 decades by
Ganz.35 Advocates of the technique report
correction of the head–neck offset and slip angle
to near anatomic position due to the restoration
of the proximal femoral anatomy.36,37 However,
the procedure is met with numerous potential
complications, the most devastating of which is
AVN. The most common complications reported
in the literature after the modified Dunn proced-
ure include, nonunion of the greater trochanteric
osteotomy and implant failure.37–39 In their
Fig. 2. Anteroposterior radiograph of the Right hip
demonstrating in situ screw fixation with ICP probe
into the epiphysis through a cannulated screw.
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report on 40 patients followed for 1 and 3-year
minimum after modified Dunn procedure, Zie-
barth and colleagues reported 0% osteonecrosis
or chondrolysis.37 Similar excellent outcomes
from Ganz’ institution in Bern have been re-
ported by Tannast and colleagues, with a 2%
AVN rate.40 In a single surgeon retrospective
study, Persinger and colleagues evaluated 31
consecutive hips with a mean follow-up of
27.9 months.41 They reported an incidence of
AVN of 6% after the modified Dunn procedure.

Despite such promising outcomes, these low
rates of AVN after modified Dunn have not
been replicated uniformly across other institu-
tions. In a multicenter retrospective study, San-
kar and colleagues evaluated 27 hips treated
via modified Dunn technique and found a 27%
rate of osteonecrosis with a relatively short
follow-up mean of 22.3 months.42 In a recent
multicenter report of 21 hips followed for a
mean of 40 months after modified Dunn, Mas-
quijo and colleagues reported AVN rate of
47% in their series.39 The modified Dunn is a
technically demanding procedure with signifi-
cant risks for devastating outcomes in the
adolescent population. Surgeon and institution
volume should be considered before performing
this procedure. It is our recommendation that
these cases are performed by a high-volume sur-
geon at tertiary referral centers.

We report the treatment algorithm in our
institution used by the senior author for the ur-
gent management of unstable slips. The surgical
technique has been previously described by
Schrader and colleagues with the use of intrao-
perative monitoring of perfusion pressure for in
situ pinning.33 Capsulotomy is routinely per-
formed using a Cobb elevator. In situ pinning
with one screw is our preference; however, a
second screw may be necessary for high-grade
slips due to persistent instability. We do not
routinely perform arthroscopy or open proced-
ures at the time of presentation of unstable
SCFE. We believe that the stabilization of the
slip is of utmost importance and that further
treatment can be performed at a later time
which may necessitate referral to a tertiary cen-
ter for those not at these institutions. After in
situ pinning, the patients are monitored at regu-
lar intervals with radiographs and clinical exami-
nation correlated with patient-reported
symptoms. A modified Dunn is considered in pa-
tients with open physis, who report pain with
deep flexion/impingement supported by clinical
and radiographic findings. Magnetic resonance
imaging (MRI) is obtained before surgical inter-
vention. Other advanced imaging such as
otland from ClinicalKey.com by Elsevier on March 25, 
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computed tomography (CT) scans and bone
scintigraphy are not routinely used. The modi-
fied Dunn is performed as described by Ganz
and colleagues.35

In summary, the urgent management of un-
stable SCFE is met with controversy as to the
preferred operative technique for treatment.
Further studies with mid–long-term follow-up
are needed to best resolve this issue and to pro-
vide a clear treatment algorithm for Orthopedic
surgeons.
DISCLAIMER

Some authors are employees of the U.S. federal
government and the United States Army. The
opinions or assertions contained herein are the
private views of the authors and are not to be
construed as official or reflecting the views of
the Department of Defense or US government.
DISCLOSURE

The authors have nothing to disclose.
REFERENCES

1. Horworth B. History: a slipping of the capital

femoral epiphysis. Clin Orthop Relat Res 1966;48:

11–32.

2. Loder RT. The demographics of slipped capital

femoral epiphysis. An international multicenter

study. Clin Orthop Relat Res 1996;322:8–27.

3. Lehmann CL, Arons RR, Loder RT, et al. The epide-

miology of slipped capital femoral epiphysis: an

update. J Pediatr Orthop 2006;26(3):286–90.

4. Loder RT, Skopelja EN. The epidemiology and de-

mographics of slipped capital femoral epiphysis.

ISRN Orthop 2011;2021:486512.

5. Novais EN, Millis MB. Slipped capital femoral

epiphysis: prevalence, pathogenesis, and natural

history. Clin Orthop Relat Res 2012;470:3432–8.

6. McPartland TG, Sankar WN, Kim YJ, et al. Patients

with unstable slipped capital femoral epiphysis

have antecedent symptoms. Clin Ortho Relat Res

2013;471:2132–6.

7. Loder RT, Richards S, Shapiro PS, et al. Acute slip-

ped capital femoral epiphysis: the importance of

physeal stability. J Bone Joint Surg Am 1993;

75(8):1134–40.

8. Fisher-Colbrie ME, Louer CR, Bomar JD, et al. Pre-

dicting epiphyseal stability of slipped capital

femoral epiphysis with preoperative CT imaging.

J Child Orthop 2020;14:68–75.

9. Peck K, Herrera-Soto J. Slipped capital femoral

epiphysis: what’s new? Orthop Clin North AM

2014;44:77–86.
Downloaded for Anonymous User (n/a) at NHS Education fo
2022. For personal use only. No other uses without permi
10. Otani T, Kawaguchi Y, Marumo K. Diagnosis and

treatment of slipped capital femoral epiphysis:

recent trends to note. J Orthop Sci 2018;23(2):

220–8.

11. Georgiadis AG, Zaltz I. Slipped capital femoral

epiphysis. How to evaluate with a review and up-

date of treatment. Pediatr Clin North Am 2014;

61(6):1119–35.

12. Boyer DW, Mickelson MR, Ponseti IV. Slipped cap-

ital femoral epiphysis: long-term follow-up study of

one hundred and twenty-one patients. J Bone Joint

Surg Am 1981;63:85–95.

13. Carney BT, Weinstein SL, Noble J. Long-term

follow-up of slipped capital femoral epiphysis.

J Bone Joint Surg Am 1991;73:667–74.

14. Jones JR, Paterson DC, Hillier TM, et al. Remodel-

ling after pinning for slipped capital femoral epiph-

ysis. J Bone Joint Surg Br 1990;72(4):568–73.

15. Reinhardt M, Stauner K, Schuh A, et al. Slipped

capital femoral epiphysis: long-term outcome and

remodelling after in situ fixation. Hip Int 2016;26:

25–30.

16. Lang P, Panchal H, Delfosse EM, et al. The outcome

of in-situ fixation of unstable slipped capital

femoral epiphysis. J Pediatr Orthop B 2019;28:

452–7.

17. Wegner DR, Bomar JD. Unstable, slipped capital

femoral epiphysis: is there a role for in situ fixation?

J Pediatr Orthop 2014;34:S11–7.

18. Rached E, Akkari M, Braga SR, et al. Slipped capital

femoral epiphysis: reduction as a risk factor for avas-

cular necrosis. J Pediatr Orthop B 2012;21(4):331.

19. Kitano T, Nakagawa K, Wada M, et al. Closed

reduction of slipped capital femoral epiphysis:

high-risk factor for avascular necrosis. J Pediatr

Orthop B 2015;24(4):281–5.

20. Loder RT, Dietz F. What is the best evidence for the

treatment of slipped capital femoral epiphysis?

J Pediatr Orthop 2012;32:S158–65.

21. Sankar WN, McPartland TG, Millis MB, et al. The

unstable slipped capital femoral epiphysis: risk fac-

tors for osteonecrosis. J Pediatr Orthop 2010;30:

544–8.

22. Tokmakova KP, Stanton RP, Mason DE, et al. Fac-

tors influencing the development of osteonecrosis

in patients treated for slipped capital femoral

epiphysis. J Bone Joint Surg Am 2003;85:798–801.

23. Kalogrianitis S, Tan CK, Kemp GJ, et al. Does un-

stable slipped capital femoral epiphysis require ur-

gent stabilization? J Pediatr Orthop B 2007;16:6–9.

24. Kohno Y, Nakashima Y, Kitano T. Is the timing of

surgery associated with avascular necrosis after un-

stable slipped capital femoral epiphysis? A multi-

center study. J Orthop Sci 2017;112–5.

25. Sucato DJ. Approach to the hip for SCFE: the

North American perspective. J Pediatr Orthop

2018;38:S5–12.
r Scotland from ClinicalKey.com by Elsevier on March 25, 
ssion. Copyright ©2022. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S0030-5898(21)00251-0/sref1
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref1
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref1
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref2
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref2
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref2
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref3
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref3
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref3
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref4
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref4
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref4
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref5
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref5
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref5
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref6
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref6
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref6
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref6
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref7
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref7
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref7
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref7
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref8
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref8
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref8
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref8
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref9
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref9
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref9
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref10
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref10
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref10
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref10
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref11
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref11
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref11
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref11
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref12
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref12
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref12
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref12
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref13
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref13
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref13
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref14
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref14
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref14
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref15
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref15
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref15
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref15
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref16
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref16
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref16
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref16
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref17
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref17
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref17
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref18
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref18
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref18
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref19
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref19
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref19
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref19
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref20
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref20
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref20
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref21
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref21
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref21
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref21
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref22
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref22
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref22
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref22
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref23
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref23
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref23
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref24
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref24
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref24
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref24
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref25
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref25
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref25


Davey et al56
26. Karol LA, Doane RM, Cornicelli SF, et al. Single

versus double screw fixation for treatment of slip-

ped capital femoral epiphysis: a biomechanical

analysis. J Pediatr Orthop 1992;12:741–5.

27. Schmitz MR, Farnsworth CL, Doan JD, et al. Biome-

chanical testing of unstable slipped capital femoral

epiphysis screw fixation: worth the risk of a second

screw? J Pediatr Orthop 2015;35:496–500.

28. Herrera-Soto JA, Vanderhave KL, Gordon E, et al.

Bilateral unstable slipped capital femoral epiphysis:

a look at risk factors. Orthopedics 2011;34:e121–6.

29. Zaltz I, Baca G, Clohisy JC. Unstable SCFE: review

of treatment modalities and prevalence of osteo-

necrosis. Clin Orthop Relat Res 2013;471:2192–8.

30. Herrera-Soto JA, Duffy MF, Birnbaum MA.

Increased intracapsular pressures after unstable

slipped capital femoral epiphysis. J Pediatr Orthop

2008;28:723–8.

31. Ibrahim T, Mahmoud S, Riaz M, et al. Hip decom-

pression of unstable slipped capital femoral epiph-

ysis: a systematic review and meta-analysis. J Child

Orthop 2015;9:113–20.

32. Parsch K, Weller S, Parsh D. Open reduction and

smooth kirschner wire fixation for unstable slipped

capital femoral epiphysis. J Pediatr Orthop 2009;

29:1–8.

33. Schrader T, Jones CR, Kaufman AM, et al. Intrao-

perative monitoring of epiphyseal perfusion in slip-

ped capital femoral epiphysis. J Bone Joint Surg

Am 2016;98:1030–40.

34. Dunn DM. The treatment of adolescent slipping of

the upper femoral epiphysis. J Bone Joint Surg Am

1964;46:621–9.
Downloaded for Anonymous User (n/a) at NHS Education for Sc
2022. For personal use only. No other uses without permission
35. Ganz R, Gill TJ, Ganz K, et al. Surgical dislocation of

the adult hip a technique with full access to the

femoral head and acetabulum without risk of avas-

cular necrosis. J Bone Joint Surg Br 2001;83:1119–

24.

36. Upsani VV, Matheney TH, Spencer SA, et al. Com-

plications after modified dunn osteotomy for the

treatment of adolescent slipped capital femoral

epiphysis. J Pediatr Orthop 2014;34:661–7.

37. Ziebarth K, Zilkens C, Spencer S, et al. Capital

realignment for moderate and severe SCFE using

a modified Dunn procedure. Clin Orthop Relat

Res 2009;467:704–16.

38. Slongo T, Kakaty D, Krause F, et al. Treatment of

slipped capital femoral epiphysis with a modified

Dunn procedure. J Bone Joint Surg Am 2010;92:

2898–908.

39. Masquijo JJ, Allende V, D’Elia M. Treatment of slip-

ped capital femoral epiphysis with the modified

dunn procedure: a multicenter study. J Pediatr

Orthop 2019;39:71–5.

40. Tannast M, Jost LM, Lerch TD, et al. The modified

Dunn procedure for slipped capital femoral epiph-

ysis: the Bernese experience. J Child Orthop 2017;

11:138–46.

41. Persinger F, Davis RL, Samora WP, et al. Treat-

ment of unstable slipped capital epiphysis via

the modified dunn procedure. J Pediatr Orthop

2018;38:3–8.

42. Sankar WN, Vanderhave KL, Matheney T, et al. The

modified Dunn procedure for unstable slipped

capital femoral epiphysis. A multicenter perspec-

tive. J Bone Joint Surg Am 2013;95:585–91.
otland from ClinicalKey.com by Elsevier on March 25, 
. Copyright ©2022. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S0030-5898(21)00251-0/sref26
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref26
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref26
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref26
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref27
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref27
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref27
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref27
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref28
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref28
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref28
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref29
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref29
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref29
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref30
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref30
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref30
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref30
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref31
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref31
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref31
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref31
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref32
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref32
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref32
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref32
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref33
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref33
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref33
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref33
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref34
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref34
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref34
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref35
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref35
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref35
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref35
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref35
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref36
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref36
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref36
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref36
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref37
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref37
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref37
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref37
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref38
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref38
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref38
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref38
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref39
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref39
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref39
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref39
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref40
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref40
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref40
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref40
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref41
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref41
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref41
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref41
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref42
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref42
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref42
http://refhub.elsevier.com/S0030-5898(21)00251-0/sref42

	Controversies in the Management of Unstable Slipped Capital Femoral Epiphysis
	Key points
	Introduction
	Diagnosis
	Treatment
	In Situ Pinning
	Reduction Technique
	Timing of Surgery
	Fixation with 1 Versus 2 Screws
	Capsulotomy
	Modified Dunn

	Disclaimer
	Disclosure
	References


