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Abstract

Background The treatment of unstable slipped capital
femoral epiphysis (SCFE) is rapidly evolving with the
ability to correct epiphyseal alignment using the modified
Dunn technique. Adopting a new treatment method
depends on confirming that it achieves its goals, produces
few, nonserious complications with no lasting sequelae,
and improves the natural history of the disorder compared
with known treatment methods. As such, the rates of
osteonecrosis and complications after current treatments of
unstable SCFE must be compared with those of newer
surgical techniques.

Questions/purposes We therefore addressed the follow-
ing questions: (1) What is the rate of osteonecrosis of the
femoral head after treatment of unstable SCFE? (2) What
treatment modalities have been used for unstable SCFE and
(3) what are the reported complications?

Methods We performed a systematic electronic literature
search for the keywords unstable and slipped capital
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femoral epiphysis and identified 199 articles. Of these, 60
met our inclusion criteria. Fifteen articles were included for
analysis.

Results The literature concerning the treatment and
results of unstable SCFE is retrospective Level IV data that
suggest an overall rate of osteonecrosis of 23.9%. Multiple
treatment modalities were used for unstable SCFE treat-
ment with varying, inconsistently recorded complications
over the reporting period.

Conclusions We found limited data concerning the rate
of osteonecrosis and complications after treatment of
unstable SCFE. Considering recent widespread interest in
the modified Dunn procedure and the possibility of iatro-
genic osteonecrosis, there is a need for prospective studies
to identify complications and establish outcome based on
standardized scores for established and emerging treat-
ments of unstable SCFE.

Introduction

Slipped capital femoral epiphysis (SCFE), a well-recognized
disorder affecting adolescents, has potential long-term
sequelae that may permanently alter hip function [2, 3].
Traditionally, the near-term prognosis after SCFE treatment
was based on the duration of the patient’s symptoms at the
time of presentation for treatment. The studies of Boyer et al.
and Carney et al. [2, 3] suggest patients presenting acutely,
within 3 weeks of symptom onset, were considered at
increased risk for developing osteonecrosis of the upper
femoral epiphysis. They believed the choice of technique
and method used to stabilize or reposition the epiphysis
affected the function and survivorship of the treated hip.
Attempted closed reduction of a displaced epiphysis, possi-
bly influenced by the timing of reduction, has been
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associated with the highest prevalence of osteonecrosis,
considered the most serious complication after SCFE [2, 3,
11, 13]. In 1993, Loder et al. [14] proposed classifying
patients based on epiphyseal stability, an approach that more
accurately predicts the development of osteonecrosis. Con-
sequently, Carney et al. [3] concluded that treating SCFE by
in situ pinning without reduction was associated with the
fewest complications, and this has become the most common
surgical treatment worldwide.

Recently, advances in understanding the applied anat-
omy of the medial femoral circumflex artery have enabled
safe surgical dislocation of the hip, mobilization of the
upper femoral epiphysis, and reduction and fixation [6, 7,
9, 21, 23]. This technique is anecdotally controversial, has
not been universally accepted, and has been criticized
because of the potential for complications [9, 21, 23]. Since
the inception of this technique, it has been possible to
preserve the vascular supply [9, 21, 23] and to realign
anatomically the unstable SCFE. However, the widespread
adoption of this (or any) new surgical treatment must be
based on improvements over the natural history of the
untreated disease and the outcome of current techniques
(in situ pinning, alternative methods of reduction and fix-
ation) and complications related to the procedure itself. To
provide a framework for future studies on the treatment of
unstable SCFE, there is a need to review and analyze the
current literature and clinical evidence regarding the
treatment of this disorder.

The purpose of this systematic review of the literature
regarding treatment of unstable SCFE was to answer the
following two questions: (1) What is the rate of osteone-
crosis of the femoral head after treatment of the unstable
SCFE? (2) What treatment modalities have been used for
unstable SCFE and what are the reported complications?

Search Strategy and Criteria

We searched four medical literature databases (PubMed,
EMBASE, OVID, and ISI Web of Science) between Jan-
uvary 1, 1994, and November 30, 2010, and repeated the
search on June 28, 2012. Identical keywords were used in
all database searches. We searched PubMed and EMBASE
for “unstable slipped femoral epiphysis”, and OVID and
ISI Web of Science were searched for “unstable AND
slipped capital femoral epiphysis”. One hundred ninety-
nine entries were recorded from the four databases (Pub-
Med 49, EMBASE 56, OVID 51, and ISI Web of Science
43). The 199 abstracts generated by these four searches
were reviewed by the first author (IZ) and 139 duplicate
results were eliminated leaving 60 unique citations
(Fig. 1). The first author reviewed the full text of each of
the 60 unique citations and included articles for review if

they were (1) published in peer-reviewed English language
journals; (2) included greater than or equal to 10 patients
treated for an unstable SCFE; and (3) followed for a mean
of 2 years. We additionally excluded commentaries, sur-
veys, in vitro studies, animal studies, reviews, and studies
that were not related to treatment. We excluded one article
because it presented the same cohort of patients in another
journal. Fifteen articles met inclusion criteria and were
systematically reviewed by the first author.

We reviewed each article for study design and study
purpose. The definition of an unstable SCFE used by each
author was recorded. The absolute number of patients
presenting with an unstable SCFE was evaluated and, when
recorded, the proportion of patients with unstable SCFE
was reviewed. We recorded demographic data, when
available, including age at presentation, body mass index,
slip severity, and average followup.

Three recent studies published by Slongo et al. [21],
Ziebarth et al. [23], and Huber et al. [9] were used for
discussion purposes but not to establish the historical
prevalence of osteonecrosis in unstable SCFE.

Treatment methods that were recorded in each study
were reviewed. We recorded the duration of symptoms
before presentation, time from presentation to definitive
fixation, method of fixation, performance of either inad-
vertent or intentional closed or open reduction,
postoperative management protocol, and any associated
complications presented in the article.

The absolute number of patients diagnosed with osteo-
necrosis of the upper femoral epiphysis was recorded. When
reported, we recorded the method used to establish the
diagnosis of osteonecrosis and the elapsed time after index
treatment until osteonecrosis was diagnosed. When
reported, specific measures of outcomes were evaluated.
Specifically, the management of osteonecrosis complicating

Pubmed
49 citations

Embase
56 citations

\

139 duplicate citations

|

60 papers reviewed

}

| 15 reports on unstable SCFE [

‘ ovID
51 citations

‘ ISI Web of Science
43 citations

Fig. 1 The search strategy is shown.
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Table 1. General data from analyzed reports

Author Slips/ Unstable Male:female  Average age Mean followup Era Number avascular  Level of
patients  SCFE (%) (years) (months) necrosis (%) evidence

Palocaren et al. 280/280 27 (9.8) 196:84 12.2 36 1995-2006 6 (22.2) 4
(2010) [15]

Chen et al. 30/28 30 (100) 19:11 11.6 65 1992-2002 4 (14.3) 4
(2009) [4]

Kalogrianitis et al. 117/82 16 (19) 7:9 11.5 18 1998-2002 8 (50) 4
(2007) [11]

Lim et al. 38/30 22 (58) 11:12 11 34 1997-2005 3 (12.5) 4
(2007) [13]

Ramachandran et al.  22/28 22 (100) 3:9 12.8 40 2000-2003 12 (54.5) 3
(2007) [18]

Seller et al. 32/29 29 (90) 10:19 12.5 42 1990-1999 2 (6.8) 4
(2006) [20]

Fallath and Lett 104/87 14 (16) 77 12.8 35 1990-2000 321 4
(2004) [5]

Tokmakova et al. 240/240 36 (15) 92:148 12.8 54 1965-1999 21 (58) 4
(2003) [22]

Gordon et al. 16/16 16 (100) 8:8 11.1 27 1992-1998 2 (12) 4
(2002) [8]

Kennedy et al. 299/212 27 (13) 10:17 11.3 minimum 24 1985-1993 4 (14.8) 4
(2001) [12]

Phillips et al. 100/100 14 (14) 5:9 13 minimum 36 1972-1998 0 (0) 4
(2001) [17]

Peterson et al. 91/87 87 (100) 27:60 ? Minimum 84 1950-1990 13 (14.2) 4
(1997) [16]

Aronson and 215 12 (80) ? ? Minimum 24 1984-1994 2 (13.3) 4
Tursky
(1996) [1]

Rao et al. 64/43 15 (35) 18:25 12.3 35 1980-1990 1(5.5 4
(1996) [19]

Loder et al. 55/55 30 (55) 16:14 12 36 1975-1991 14 (46.6) 4

(1993) [14]

? = information not available from published article.

unstable SCFE and the clinical outcome of any treatment
were not a subject of this review.

The level of clinical evidence regarding the manage-
ment of patients presenting with an unstable SCFE is Level
IV (Table 1). With one exception, all studies were retro-
spective, Level IV case series in which the diagnosis
of osteonecrosis was established on routine radio-
graphic followup. Only Ramachandran et al. [18] published
a Level III study investigating the efficacy of intravenous
bisphosphonate treatment. To identify candidates for bis-
phosphonate therapy, they evaluated all patients treated for
an unstable SCFE with a postoperative bone scan. They did
not, however, comment on SCFE treatment modality
because this was not the focus of their research. The
majority of the articles included in the study were designed
to investigate factors associated with the development of
osteonecrosis after specific treatments for an unstable SCFE;
however, timing of treatment, intention of epiphyseal
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reduction, number and type of implants, and postoperative
management varied substantially depending on both the era
of treatment and institutional preferences.

Results

We identified 397 (range, 12-91) unstable slips presented
from 15 unique articles with 95 cases of osteonecrosis
diagnosed after treatment. Overall, 23.9% of patients
developed osteonecrosis but the reported ranges varied
from 0% to 58% (Table 2). Only two articles established
diagnostic radiographic criteria for osteonecrosis [18, 22],
and only three studies documented the timeframe for
establishing the diagnosis of osteonecrosis [13, 16, 18]. For
13 studies, the minimum length of followup was 12 months
(average, 36 months; range, 12—72 months).
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Table 2. General data from analyzed reports

Author Treatment/fixation ~ Time to treat Reduction Capsulotomy Postoperative
management
Palocaren et al. In situ fixation Average 27 hours Inadvertent None NWB or PWB

(2010) [15]

Chen et al.
(2009) [4]

Kalogrianitis
et al. (2007)
(11]

Lim et al.
(2007) [13]

Ramachandran
et al. (2007)
(18]

Seller et al.
(2006) [20]

Fallath and Lett
(2004) [5]

Tokmakova et al.
(2003) [22]

Gordon et al.
(2002) [8]

Kennedy et al.
(2001) [12]

Phillips et al.
(2001) [17]

Peterson et al.
(1997) [16]

Aronson and
Tursky
(1996) [1]

Rao et al.
(1996) [19]

Loder et al.
(1993) [14]

2 6.5-mm
cannulated
SCrews

Single cannulated
screw

Single cannulated
SCrew,
except 2

In situ fixation, single
screw, 5 were
repinned with
marrow injection

Fixation with
3 Kirschner wires

10 single screw,
3 Knowles pin,
1 two screws
144 single pin,
89 multiple pins

2 cannulated screws

19 two screws,
7 single screw,
1 bone graft peg

10/14 multiple pins,
1 cannulated
screw,

2 femoral neck
osteotomy,

1 Smith-Petersen
nail

4 hip spica, 41
internal fixation,
31 bone peg
with spica,

15 bone peg
and internal
fixation

2 screws

All except 1 open
bone peg
epiphyseodesis

6 single screw,

1 single pin,
23 multiple
SCrew or pin

(range, 6240 hours)
Within 12-24 hours

< 24 hours in 6,
24-72 hours
in 7, > 8 days
in 3

Traction for 6 days

Mild traction for
2 days

Average 28 hours

11/16 < 24 hours,
3 < 72 hours

< 24 hours

42 < 24 hours,
12 24-48 hours,
7 48-72 hours,
30 > 72 hours

< 24 hours

96 hours

Simple positioning to
preslip alignment

Nondeliberate

11 manipulated

Gentle reduction

2 spontaneous,
9 manipulation

160 none, 67 partial,
13 complete

12 closed, 4 open

17 reduction
(3 traction, 11 closed,
2 open)

Gentle manipulation

76 gentle flexion, traction,
internal rotation,
14 traction and rotation

9 closed reduction with
open approach,
6 indirect reduction

Preoperative skin
traction

26 reduction
(24 closed, 2 open)

16 percutaneous,
5 open, 9 none

None

None

None

None

None

None

6 percutaneous,
4 open

2 open reduction,
6 cervical
osteotomy

2 osteotomy

Capsulotomy in
all patients with
epiphyseodesis

9 capsulotomy for
reduction

NWB with crutches
or wheelchair for
2 months

NWB 6 weeks, PWB
6 weeks

Hip spica for 6 weeks or
NWB for
1-4 months

Protected
weightbearing

Crutches, no
duration
specified

NWM

NWB

NWB

PWB 6 weeks

Spica cast or
traction for
4-6 weeks

NWB = nonweightbearing; PWB = partial weightbearing.

Although surgical stabilization was performed for all
patients who presented with an unstable SCFE, the surgical
approaches, implant devices, and postoperative manage-
ment varied substantially between studies and within

studies depending on the era in which patients were treated
and data collected. Thirteen of 15 studies used internal
fixation devices for epiphyseal stabilization that are
detailed in Table 2. Depending on the time period over
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which the cases were collected, fixation type varied and
included Knowles pins, Kirschner wires, solid screws, and
single or multiple cannulated screws. Fixation type often
varied within a single publication. Two reports [16, 19]
included patients treated primarily by bone-peg epiphysi-
odesis; however, within these reports, there was variable
use of internal fixation or postoperative spica casting.

Other than the development of osteonecrosis, seven
studies reported complications related to the treatment of
unstable SCFE [5, 8, 11-13, 17, 22]. Among the reported
complications there were 16 cases of slip progression, three
cases of chondrolysis, 41 pin penetrations, one femoral
neck fracture, and two hardware removals. Eight studies
did not report complications. Two studies reported clinical
outcomes data using unvalidated measures [8, 13] and one
study reported radiographic outcomes for patients who
developed osteonecrosis using Stulberg’s classification for
healed Legg-Calve-Perthes [18].

Discussion

The treatment of SCFE continues to challenge orthopaedic
surgeons. Historically, patients presenting with acute or
acute-on-chronic type slips were considered most at risk
for complications related to the slip deformity or to the
treatment of the slip. This classification was refined by
Loder et al. [14] who presented the concept of epiphyseal
stability and showed that osteonecrosis rarely, if ever,
occurs in the stable slip. Although it is difficult to accu-
rately assess the prevalence of unstable SCFE, it is
estimated to be approximately 10% to 35% of patients
presenting for treatment. The purpose of this literature
review was to answer the following questions: (1) what is
the rate of osteonecrosis of the femoral head after treatment
of unstable SCFE; and (2) what treatment modalities have
been used for unstable SCFE, and (3) what are the related
complications?

The existing literature regarding the treatment of
unstable SCFE is limited for a number of reasons. First, the
published data are variable, often span decades, and are
retrospective in nature. Although variations in surgical
practices and implants are expected, especially given the
study lengths, these inconsistencies make direct compari-
son of studies difficult. Second, the absence of consistently
reported treatment complications and use of standardized,
validated outcome instruments provide little and variable
information on patient function. These findings emphasize
the importance of future studies with standardized com-
plication-reporting and validated clinical outcome
instruments. Third, the definition of stability, although
clearly described by Loder et al. [14], has been subject to
interpretation [10] and probably varied among the studies,

@ Springer

especially in the three recent articles, not included in the
historical analysis, by Slongo et al. [21], Ziebarth et al.
[23], and Huber et al. [9]. Fourth, because the concept of
epiphyseal instability did not exist before 1993, most
studies retrospectively classified patients included for
study. This could change the actually denominator com-
pared with a prospective analysis. Fifth, treatment rendered
was often performed by multiple surgeons working within
the same institution over long periods of time implying
variations in clinical skill, implant use, radiologic tech-
nique, and patient assessment. Sixth, the limitations of this
study reflect the deficiencies in the literature. The rate of
osteonecrosis has been derived from multiple patient
cohorts that have been published over decades that have
witnessed changes in the assessment and classification of
SCFE presentation, changes in radiologic technology, and
changes in treatment modality, implant design, and appli-
cation; and the outcome variable and definitions reported in
the literature have not been consistent.

Our literature review found a cumulative rate of osteo-
necrosis of 23.9% among patients with SCFE classified as
unstable. This value is derived from reports that span
decades and mostly classified slip stability retrospectively
based on chart reviews and with a wide range of incidence
from 0% to 58%.

Treatment methods varied substantially between reports.
The most frequently reported technique was internal fixa-
tion using either pins or screws and more recently using
cannulated screws. Peterson et al. [16] and Rao et al. [19]
reported on the use of bone-peg epiphysiodesis supple-
mented with either spica casting or internal fixation. There
was no identifiable correlation between method of fixation
and rate of avascular necrosis. Furthermore, 14 of 15
reviewed studies reported that some form of reduction,
either purposeful or inadvertent, was performed in con-
junction with treatment; however, there was no correlation
between reduction and rate of osteonecrosis. The only
study to report no purposeful reductions [8] had the highest
reported rate of osteonecrosis. The reported complications
were unsystematic and inconsistent. Therefore, it is not
possible to establish a prevailing rate of complication based
on the reviewed data.

The etiology of osteonecrosis has been incompletely
explained. Potential mechanisms for the development of
osteonecrosis may be partially dependent on the type of
treatment but include kinking of periosteal blood vessels
resulting from torsional deformity, synovitis associated
with the trauma, vascular tamponade resulting from intra-
capsular hematoma, timing of treatment, and location of
fixation devices within the epiphysis. Multiple treatment
algorithms that were developed to address these theoretical
causes include intentional delay in treatment [11], preop-
erative traction [13, 19, 20], both open and closed urgent
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reduction and fixation [8, 17], and open or percutaneous
capsulotomy [8, 12, 19] and are all associated with
developing osteonecrosis. Patients with unstable SCFE
often presented with substantially more deformity, often
correctable, and were more likely to undergo attempted
reduction, either intentional or inadvertent. Although cur-
rent thought reflected by the reviewed literature suggest
that reducing a displaced, unstable SCFE may increase the
prevalence of osteonecrosis, the only publication in this
study reporting no osteonecrosis practiced emergent
reduction and stabilization of the epiphysis [17]. As such,
the pathomechanism of osteonecrosis seems elusive and,
likely, multifactorial.

As surgical techniques evolve, recent advances enable
safe surgical dislocation, comprehensive hip exposure
with protection of vascular retinacular tissue, and accurate
reduction of the unstable, displaced upper femoral
epiphysis. The adoption of this newer technique must be
based on documented improvement in the natural history
of treated unstable SCFE and a reduction in the compli-
cations associated with elected treatment. Current data
suggest the prevalence of osteonecrosis is 23.9%. In the
absence of specific outcomes data, new surgical approa-
ches, at the very least, must demonstrate a lower rate of
osteonecrosis. Recent publications by Ziebarth et al. [23],
Slongo et al. [21], and Huber et al. [9] reported two cases
of osteonecrosis after 92 surgical dislocations for stable
and unstable SCFE. Their classification for unstable
slipped epiphysis differed from the strict definition of
Loder et al. [14] to include both patients who were unable
to ambulate and those with surgically unstable epiphysis
identified at the time of the modified Dunn procedure. If
both groups of unstable patients are included in the
analysis, the overall rate of osteonecrosis is 7.6% (two of
26), whereas if one includes only patients unable to
ambulate, the rate of osteonecrosis is 8.7% (two of 23),
which is similar to the rates of osteonecrosis published by
other authors using traditional treatment. These proce-
dures, however, were performed by surgeons with
substantial clinical experience who were, theoretically,
passed a learning curve. Consequently, these data may not
predict rates of osteonecrosis if the technique were
adopted in a widespread fashion.

These data suggest that there is an urgent need for
either a high-quality, multicenter retrospective study or a
prospective study to determine the rate of treatment-
related complications, including osteonecrosis, related to
the management of unstable SCFE. The aforementioned
recent publications suggest there may be a reduction in
the rate of osteonecrosis when a modified Dunn approach
is used for epiphyseal reduction by an experienced
surgeon.
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