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Abstract

Background Slipped capital femoral epiphysis (SCFE) is
a common hip problem in adolescents that results in a cam-
type femoroacetabular impingement (FAI) deformity.
Although the treatment for mild (slip angle of 0°-30°) and
moderate (slip angle of 31°-60°) SCFE has historically
been in situ fixation, recent studies have demonstrated
impingement-related articular damage, irrespective of slip
severity. Our series confirms previous reports that
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acetabular chondral injury occurs in mild to low-moderate
(slip angle of < 40°) SCFE.

Case Description We retrospectively reviewed five
patients who underwent arthroscopy and femoral osteo-
plasty within 18 months after in situ stabilization. All had
labral and/or acetabular damage.

Literature Review Osteoarthritis rates after SCFE range
from 24% to 92% at 11 to 28 years, depending on how
osteoarthritis is defined. Long-term followup suggests
patients have acceptable outcomes, but these studies are
limited by heterogeneity and a ceiling effect from the instru-
ments used to assess function. Although the femoral deformity
remodels, it is unclear what secondary changes occur in the
acetabulum. Recent investigations suggest patients are func-
tionally limited after SCFE owing to FAI compared with
controls. MRI findings and surgical reports document
impingement-related joint damage after SCFE, even in the
absence of symptoms. Based on this, some advocate timely
correction of the cam deformity inherent in SCFE.

Purposes and Clinical Relevance Further study is war-
ranted to determine whether immediate osteoplasty after
in situ fixation of mild SCFE is beneficial to limit articular
damage and improve long-term outcomes.

Introduction

Slipped capital femoral epiphysis (SCFE) is the most com-
mon adolescent hip problem, occurring at a rate of 10.8 per
100,000 children [20]. The physeal disruption results in
anterior displacement of the femoral neck metaphysis rela-
tive to the epiphysis, which remains in the acetabulum. The
ensuing deformity of a prominent anterosuperior femoral
neck metaphysis is the prototypical morphology of cam-type
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femoroacetabular impingement (FAI). Because reduction of
the slip has been associated with an increased risk of osteo-
necrosis and arthrosis [5, 13] and the head-neck deformity
has been observed to remodel over time [3, 4, 6, 8, 15, 16, 29,
39], the recommended treatment for SCFE has traditionally
been in situ fixation [4, 5, 13-15, 37].

With improved understanding of the pathologic conse-
quences of FAI as a risk factor for osteoarthritis (OA) [11, 35],
there is growing concern that delay or failure to correct the
impingement component of a SCFE may lead to articular
damage that is otherwise preventable [26]. It is of particular
concern that young patients may be incurring joint injury with
mild deformity [17,41] despite the absence of pain [9]. CT and
computer-generated motion simulations of mild (slip angle of
0°-30°) and moderate (slip angle of 31°-60°) [1, 33] SCFE
demonstrate the metaphyseal prominence enters the joint in
normal positions of function, which can lead to chondral
damage as it impinges on the anterior acetabulum and labrum
[24, 30]. Two studies reporting intraoperative findings in
patients undergoing surgical hip dislocation after SCFE sup-
port these models [22, 32]. Both document anterosuperior
acetabular cartilage damage in the zone of mechanical con-
tact, which did not correlate with slip severity, and substantial
damage was noted in hips with low-grade slip angles. A recent
case series of patients undergoing arthroscopic femoral oste-
oplasty concomitant with in situ fixation noted labral fraying
and acetabular chondromalacia in three patients with stable
SCEFE and slip angles of less than 25° [23]. Our case series
confirms the findings of previous reports demonstrating ace-
tabular chondral damage in patients with mild to low-
moderate (slip angle of < 40°) SCFE.

We present the intraoperative findings from five patients
in whom arthroscopy and femoral osteoplasty were carried
out within 18 months of in situ fixation. For all patients, the
femoral osteoplasty was performed by recontouring the
femoral head-neck junction with a motorized burr from
the medial retinacular fold to the lateral retinacular vessels,
which were preserved. Both arthroscopic and fluoroscopic
dynamic examinations were performed pre- and postoste-
oplasty to confirm adequacy of the bony correction [18,
19]. In each patient, there was gross damage to the labrum
and/or articular cartilage, despite a short duration from the
time of the SCFE. These findings warrant further study and
discussion regarding whether a more aggressive approach
is indicated to treat the impingement inherent in SCFE.

Case Reports
Patient 1

At 5 months after in situ cannulated screw stabilization of a
stable, right SCFE (with prophylactic stabilization of the
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contralateral side), an otherwise healthy 10-year-old girl
had ongoing right groin pain and limited motion. Hip
flexion was less than 90° with —20° of internal rotation in a
flexed position. Radiographs showed bilateral coxa pro-
funda, a right slip angle of 28°, a lateral center-edge angle
of 37° [38], an anterior center-edge angle of 45° [21], a
Tonnis acetabular roof angle of 0° [36], and an alpha angle
of 70° [28] (Fig. 1A-B). Her pain and limited hip motion
were attributed to combined impingement from acetabular
overcoverage and the prominent proximal femoral
metaphysis from her SCFE. The patient and family were
presented with treatment options, including continued
observation, femoral osteoplasty, or femoral osteoplasty
combined with triradiate epiphysiodesis to arrest further
deepening of her acetabulum. After reviewing the risks and
benefits of these options, the family opted for osteoplasty
and triradiate epiphysiodesis. She underwent diagnostic
arthroscopy to evaluate labral pathology followed by open
femoral osteoplasty and triradiate epiphysiodesis. No ace-
tabular rim trim was performed. Arthroscopy revealed
extensive synovitis, labral hyperemia, and an anterior
acetabular chondral fissure with a small flap tear that was
conservatively débrided (Fig. 1C-E). At 3-year followup,
she had no pain, hip flexion to 110°, and 10° internal
rotation in 90° flexion. Radiographs showed a lateral cen-
ter-edge angle of 33°, an anterior center-edge angle of 27°,
and an alpha angle of 41° (Fig. 1F).

Patient 2

At 5 months after stabilization of a clinically unstable
SCFE with a slip angle of 21° and an alpha angle of 87°
(Fig. 2A), a 13-year-old boy with McCune-Albright syn-
drome had ongoing right groin pain and limited hip motion.
On physical examination, hip flexion of greater than 60°
resulted in external rotation of the hip. At 90° flexion,
internal rotation was —20°. The patient and family con-
sented to proceed with arthroscopic femoral osteoplasty in
an effort to improve his pain and motion. Intraoperatively,
there was substantial synovitis, labral fraying, and an
anterosuperior acetabular partial thickness chondral fissure
(Fig. 2B—C). At 9 months after arthroscopy, he had no right
hip pain, improved flexion to 95° and 10° internal rotation
at 90° flexion. The postosteoplasty alpha angle was 47°
(Fig. 2D).

Patient 3
A 14-year-old female softball player was seen for a second

opinion after undergoing in situ stabilization of a left SCFE
26 months and right SCFE 16 months previously. She had
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Fig. 1A-F (A) In an AP pelvis radiograph of Patient 1, the right
lateral center-edge angle is 37°, the Tonnis acetabular roof angle is 0°,
and the anterior center-edge angle on false-profile view (not shown) is
45°. (B) In the frog leg lateral image, the right hip slip angle is 28°
and the alpha angle is 70°. Note the slip angle is reported as head-
shaft angle on the involved side, rather than as a difference between
head-shaft angles between the two sides as described by Southwick

no pain but an altered gait, particularly during running,
owing to external rotation of the right leg. Physical
examination demonstrated external rotation of the right hip
and leg with hip flexion beyond 60°. At 90° flexion, she
had —30° internal rotation. At initial fixation, the right
epiphysis was minimally displaced with a slip angle mea-
suring 15°. Serial radiographs showed continued
displacement had occurred to a slip angle of 39° and an
alpha angle of 82° at the time she was seen at our insti-
tution (Fig. 3A-B). Femoral retroversion measured 20° on

[33]. (C) Synovitis and labral hyperemia are evident at arthroscopy 5
months after in situ stabilization of the SCFE. (D) There is disruption
at the anterior labrochondral junction and (E) an acetabular chondral
fissure with a small, unstable flap. (F) A frog leg lateral image after
right anterior arthrotomy shows improvement in the femoral head-
neck offset.

the right and 0° on the left by CT scan. The slip progres-
sion had stabilized from comparison radiographs over
10 months and the physis was near closure. The patient and
family were primarily interested in intervention to correct
her gait disturbance. They were presented with treatment
options of arthroscopic osteoplasty or surgical dislocation
with osteoplasty and derotational osteotomy for correction
of femoral retroversion. They opted to proceed with
arthroscopic osteoplasty because of the shorter duration of
recovery and the potential for earlier return to sports.

@ Springer



2166  Lee et al.

Clinical Orthopaedics and Related Research®™

Fig. 2A-D (A) A right frog leg
lateral view of Patient 2 shows
an alpha angle of 87° before
osteoplasty. (B) At arthroscopy,
there was anterior synovitis and
labral fraying with (C) a partial
thickness chondral fissure. (D)
An intraoperative fluoroscopic
image shows an alpha angle of
47° after osteoplasty.

Concomitant with the arthroscopy, an additional cannu-
lated screw was placed to ensure no further displacement of
the epiphysis (Fig. 3C). Intraoperatively, the patient had
severe labral fraying and diffuse fibrillation of the anterior
acetabular cartilage (Fig. 3D-E). At 6 months after sur-
gery, she had returned to full athletic activity and had no
pain. Hip flexion was to 100° with 0° internal rotation at
90° flexion. The alpha angle was 42° on 45° Dunn lateral
view (Fig. 3F-G).

Patient 4

A 13-year-old boy presented to the emergency department
with several months of hip and thigh pain that had acutely
worsened after playing basketball. AP pelvis and frog leg
lateral radiographs demonstrated a left SCFE with a slip
angle of 31° and an alpha angle of 85° (Fig. 4A-B).
Cautious physical examination demonstrated 5° internal
rotation and 50° external rotation in full extension. At 60°
flexion, the hip began to externally rotate; further flexion
and internal rotation were not tested to avoid further
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displacement. Based on the experience from the previous
three cases of finding intraarticular chondral damage after
low-grade slips, we presented the option of in situ fixation
alone or fixation combined with arthroscopic femoral
osteoplasty to the patient and his parents. We thoroughly
explained the risks and benefits of the additional procedure,
as well as the limits of our knowledge about the long-term
effect of this intervention compared to the natural history
of in situ stabilization alone. The family opted to proceed
with concomitant arthroscopic femoral osteoplasty. After
securing the SCFE with in situ fixation on a radiolucent
operating table (Fig. 4C), the patient was transferred to a
table fitted with a distraction attachment (Smith &
Nephew, Inc, Andover, MA, USA) for hip arthroscopy. He
had a hyperemic, frayed anterior labrum with superficial
abrasive changes at the adjacent acetabular chondral sur-
face (Fig. 4D). In the peripheral compartment, there was
obvious separation between the epiphysis and metaphysis
with roughened, bony spicules in the interval. After oste-
oplasty, dynamic examination confirmed fluoroscopic and
arthroscopic impingement-free flexion to 90° with internal
rotation to 15° in flexion. The postosteoplasty alpha angle
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Fig. 3A-G In (A) AP and (B) 45° Dunn lateral images of Patient 3 on
presentation to our institution 16 months after right and 26 months after left
in situ fixation of SCFE, the right slip angle is 39° and the alpha angle is 82°.
The alpha angle is created from a line drawn through the center of the
femoral head and a line parallel to the femoral neck, rather than through the
femoral neck itself, due to posterior translation of the femoral head [23,31].
(C) A second screw was placed to augment epiphyseal fixation. (D) At

arthroscopy, there was hyperemia with anterior labral and labrochondral
fraying. (E) A broader view demonstrates labral fraying, disruption of the
labrochondral junction, and diffuse fibrillation of the cartilage in the
anterosuperior quadrant of the acetabulum. (F) After femoral osteoplasty,
the alpha angle is 42°. (G) A 45° Dunn lateral view shows maintenance of
offset correction at 6 months after right femoral osteoplasty. The patient
was pain-free and had returned to competitive sports.
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Fig. 4A-E (A) Irregularity of the left femoral physis is evident on
the AP pelvis radiograph of Patient 4. (B) The frog leg lateral image
demonstrates a slip angle of 31° and an alpha angle of 85°. (C) An
intraoperative fluoroscopic 45° Dunn lateral view shows prominence

measured 44° on a fluoroscopic 45° Dunn lateral view
(Fig. 4E). The patient was pain-free 9 months after surgery.

Patient 5

A 14-year-old boy presented to the emergency depart-
ment with 4 weeks’ duration of groin pain and was
diagnosed with a stable, chronic SCFE. On physical
examination, his hip began to externally rotate with hip
flexion of greater than 80°. At 90° flexion, he had —15°
internal rotation. As in Patient 4, the patient and family
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of the anterior metaphysis with an alpha angle of 60° before
osteoplasty. (D) Diffuse labral hyperemia and fraying are seen at
arthroscopy, which was performed immediately after in situ fixation.
(E) After osteoplasty, the alpha angle is 45°.

were presented with the option of in situ stabilization
alone or combined with arthroscopic femoral osteoplasty.
Again, after thorough discussion of the risks, benefits,
and long-term uncertainty of this approach, they opted
for the combined procedure with arthroscopy performed
after in situ stabilization of the slipped epiphysis. Intra-
operatively, there was anterior labral hyperemia with a
partial-thickness labral tear and a roughened area at the
metaphyseal-epiphyseal junction of the proximal femur
(Fig. 5A). After osteoplasty, he had impingement-free
flexion to 95° and 20° internal rotation in flexion. The
alpha angle improved from 60° to 43° on the 45° Dunn
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Fig. SA-C (A) An arthroscopic image shows anterior labral hyper-
emia and a radial tear (arrow) in Patient 5. The slip angle on the frog
leg lateral view (not shown) measures 29°. Intraoperative fluoroscopic
45° Dunn lateral views show (B) an alpha angle of 60° before
osteoplasty and (C) an alpha angle of 43° after osteoplasty.

lateral radiograph (Fig. 5B-C). At 3 months’ followup,
he was pain-free and had a normal gait.
Discussion

In this series, damage was observed early after SCFE, even
in patients with mild deformities (slip angle of < 40°). In

all cases, there was synovitis, labral injury, and/or antero-
superior acetabular chondrosis.

The primary limitation of this report is the small number
of patients. It is possible these individuals are not repre-
sentative of all patients with SCFE; others may not be
incurring damage. Second, because arthroscopy was per-
formed early after the SCFE, the articular injuries may
have been caused by the initial slip and not indicative of
ongoing damage. Third, the chondral changes could sta-
bilize over time and not lead to long-term disability.

This series confirms the findings of previous reports.
Leunig et al. [23] similarly noted labral and acetabular
damage in three cases of immediate arthroscopy after fixa-
tion of mild SCFE. Futami et al. [10] first reported
simultaneous arthroscopy at the time of SCFE stabilization.
In four patients, there was anterosuperior acetabular carti-
lage and posterolateral labral injury, which they attributed to
trauma at the time of the slip and friction from the epiphysis.
This injury pattern is now understood to result from anterior
FAI with a posterior contre-coup lesion [11, 30].

It is notable all patients in our series had substantially
limited hip motion. Internal rotation at 90° flexion corre-
lates with bone structure, specifically the space between the
acetabular rim and femoral neck, rather than soft tissue
tension [40]. Thus, although these patients had low-to-
moderate slip angles, their restricted motion reflects more
profound bony deformity.

Although described by various terms—pistol grip [34],
post slip [12], and tilt deformity [27]—the bony morphol-
ogy resembling SCFE has been associated with OA for
decades. SCFE is the prototypical example of cam-type
FAI, which is an increasingly recognized cause of OA [2,
11, 35]. Computer and CT modeling studies simulate the
pathologic motion and contact that occur with SCFE
deformity [24, 30]. Rab [30] described two patterns of
impingement, depending on the severity of the slip. In the
inclusion phenomenon, the metaphyseal prominence from
mild and low-moderate slips enters the joint in flexion,
causing damage to the acetabular cartilage and labrum. In
severe slips, the larger prominence abuts the acetabular rim
but cannot enter the joint. This results in peripheral labral
injury but less acetabular cartilage damage. Thus, mild or
moderate slips have the potential to cause more intraar-
ticular damage than severe slips; this model is supported by
reports showing the degree of joint damage [41] and need
for subsequent surgery [17] are not linearly correlated with
the severity of deformity. Further, the pattern of injury
predicted by these models has been documented with T2-
and T2*-mapped MRI [25] and in patients undergoing
surgical hip dislocation after SCFE [22, 32].

The main argument against immediate osteoplasty is
that the metaphyseal deformity remodels over time [6, 7,
16, 29]. However, there are conflicting findings regarding
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Fig. 6A-D (A) AP and (B) lat-
eral views show the hip of a
14-year-old boy 3 weeks after
in situ fixation of a mild SCFE.
(C) AP and (D) lateral views
show the hip 17 months later at
age 16 years. There is flattening
of the lateral acetabular margin
at the acetabular epiphysis and
sclerosis of the sourcil. Remod-
eling of the metaphyseal step-off
adjacent to the epiphysis (solid
arrows) is evident, but a promi-
nence persists distally on the
anterior femoral neck. There is
lateral extension of the femoral
epiphysis (open arrow) [31].

the factors that predict remodeling. There is evidence of
increased remodeling with a more severe slip [3, 39] and
evidence to the contrary [15]. It has been reported
remodeling requires an open triradiate cartilage [15], which
is a proxy for remaining growth potential; however, others
have found no correlation with the status of the triradiate
[39]. None of these studies evaluated secondary changes in
the acetabulum. In view of documented acetabular chon-
dral damage, we question whether the stimulus for
remodeling is repeated contact of the metaphyseal promi-
nence against the normal acetabulum rather than
spontaneous resorption at the femoral neck. In other words,
does remodeling occur at the expense of the labrum and
acetabular cartilage? In followup of patients with SCFE at
our institution, we have observed flattening and sclerosis of
the lateral acetabular margin (Fig. 6).

Long-term outcome studies after SCFE are compro-
mised by heterogeneity in the modes of treatment, variation
in functional scoring, and inconsistency in the radiographic
methods used to grade epiphyseal displacement and OA [4,
5, 13, 14, 37]. Rates of radiographic OA range from 24% at
28 years’ followup [13] to as high as 92% at 11 years’
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followup [41], depending on how OA is defined. Rates of
conversion to arthrodesis or arthroplasty vary from 4.5% at
16 years’ followup [17] to 22% at 38 years’ followup [37].
Long-term reports cite good functional outcomes by the
Towa hip score [S] or Harris hip score [14, 17, 37, 41].
However, there is a ceiling effect when applying instru-
ments that were validated in patients with arthritis and
arthroplasty to a younger population [17]. In one report,
despite having high Harris hip scores (average, 91.9), a
group of 38 patients at a mean of 11.1 years after in situ
fixation of SCFE had lower Tegner-Lysholm activity
scores compared with healthy controls [41]. In addition,
this group, with an average age of 23.4 years, had lower
values on the physical functioning and role physical com-
ponents of the SF-36 compared with normative data. Thus,
despite having minimal pain and apparently good func-
tional scores, these patients perceived themselves as
physically limited compared with the general population.
Some surgeons advocate a more proactive approach to
treat SCFE-related impingement. Millis and Novais [26]
argue SCFE should be viewed as a two-fold problem of
physeal instability and FAI It is critical to secure the
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unstable physis, but the FAI inherent in SCFE must also be
addressed. Because of concern that chondral degeneration
is irreversible, Leunig et al. [22, 23] have changed their
treatment algorithm. Since 2008, mild slips are managed
with in situ fixation and immediate arthroscopic head-neck
osteoplasty; moderate and severe slips are treated with
subcapital realignment.

Our findings confirm mild and low-moderate slips can
lead to joint damage that may be apparent within weeks after
a SCFE and in the absence of symptoms. More work is
needed to define the predictive factors for clinically impor-
tant OA, elucidate the mechanisms of remodeling, and
critically examine functional outcomes after SCFE. This task
is complicated by the lengthy followup required to derive
meaningful conclusions. Further study and thoughtful dis-
cussion are warranted to determine whether immediate
osteoplasty after in situ fixation of mild to low-moderate
slips is justified in an effort to limit articular damage.
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