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ABSTRACT

Several types of implants have been used for the treatment of SCFE. Apart from the non specific implants, such
as pins or cannulated screws, other specific implants for SCFE have been manufactured. Most of these specific
implants (telescopic screw, pinscrew, Hansson screw etc) efficiently prevent slip progression while preserving
bone growth. Thus head and neck growth and remodeling is maintained, resulting in a lower slip angle and
increased head neck offset. Femoroacetabular impingement is the most frequent complication of SCFE, that
is seen even in mild slips. Its impact on the acetabulum depends on the severity but also on the chronicity of
the slip. Avascular necrosis of the femoral head is the most devastating complication of SCFE leading to early
total hip replacement. A rare but catastrophic complication is chondrolysis, causing a substantial articular
cartilage loss. Other complications are implant related, including implant failure such as bending, migration
and loosening. Prophylactic stabilization of the asymptomatic contralateral hip remains controversial. SCFE
still remains a disease characterized by a high incidence of delayed diagnosis and many studies have dealt
with the incidence of silent, asymptomatic and subclinical SCFE. There is still no consensus about the removal
of the implants in the absence of implant-related symptoms. Lately, there is increasing interest on the role of
arthroscopically assisted osteochondroplasty for the prevention and early treatment of FAIL
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1. Implants used for slip stabilization

Several types of implants are available for the treat-
ment of SCFE: cannulated screws, pins and implants
especially designed for SCFE treatment, such as the
telescopic screw, the pinscrew or the Hansson screw.
Common aim of these implants is to stabilize the
slip, yet they do not have the same effect on the re-
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maining growth of the proximal femoral physis.

In situ stabilization of the proximal femoral physis
with one partially threaded cannulated screw (Fig.
1) is deemed the most efficient stabilization meth-
od for stable or unstable SCFE [1]. The cannulated
screw is accompanied by a lower risk of implant re-
lated complications such as avascular necrosis and
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Fig. 1: In situ stabilization of the proximal femoral
physis with one 6.5mm partially threaded cannulated
screw is the most accepted treatment for all types of
SCEFE, irrelevant of slip stability, chronicity or severity.
It combines effective physis stabilization with low
morbidity and a low complication rate

chondrolysis, compared to the stabilization by mul-
tiple pins. Furthermore, if this is the surgeons in-
tention, the screw may simultaneously compress
the epiphysis on the metaphysis and thus accelerate
proximal femoral physis closure [1,2,3] .The cannu-
lated screw is inserted under intraoperative fluoros-
copy, and preferably passes vertically to the center
of the proximal femoral epiphysis as seen in both AP
and lateral hip view (“center-center”) [4], while the
tip of the screw is advanced up to 2.5 mm [5] or 5 mm
[6] from the subchondral bone of the femoral head.
However, other studies have shown that the stabili-
ty of the fixation and the incidence of complications
do not differ whether the screw enters the epiphysis
centrally or not [7]. The head of the screw may be in
contact with the lateral cortex of the femur or pro-
trude 2-3cm out of the lateral cortex (gliding screw
technique). Stabilization is most effective when at
least five steps of the screw enter the femoral head.
The insertion of a second screw [8] increases the
stability of the proximal femoral physis by 66%,
however other studies discourage a second screw
because it does not increase the structural stability
of the construct proportionally [9]. Furthermore, ad-

Fig. 2: In situ stabilization with two 5-6mm nonthreaded
pins is a safe and cheap method to treat both stable or
unstable SCFE. The second pin provides rotational
stability and additional stability to shear forces

ditional implants may be associated with higher risk
of complications, such as AVN, chondrolysis [9] or a
subtrochanteric fracture of the femur due to weak-
ening of the lateral femoral cortex by multiple drill-
ing during screw placement. The strength of the sta-
bilization increases with increasing diameter of the
implant [6,10].

Safe advancement of the screw into the femoral
head may be assessed by intraoperative arthrogra-
phy [6]. Computer navigation may also help to re-
duce the distance of the screw from the subchondral
bone of the epiphysis, but with increased cost and
duration of the surgery [6,11].

Multiple (2-3) nonthreaded pins across the phy-
sis seem also to be a safe biomechanical alternative
to the one cannulated screw (Fig. 2). Furthermore,
multiple pins may be advantageous compared to the
cannulated screw in terms of preserving the residual
growth of the femoral neck [3,12,13,14].

2. Growth preserving surgical techniques

In the past, the premature closure of the proximal
femoral physis was the main target of any treatment
of SCFE in order to prevent slip progression [1,2,3].
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However, this concept is currently being challenged.
SCEFE is a disease of the developing skeleton. The
growth plate of the femoral head contributes signif-
icantly to the longitudinal growth of the lower limb:
it provides 15% of the overall increase in length of
the lower limb, at a rate estimated at about 6mm/
year [15] and normally fuses at age 16-18 years.
Studies of femoral neck growth and remodeling em-
phasize that any therapeutic intervention in SCFE
should take advantage of the remaining growth of
the skeleton, especially in younger patients, since a
small yet significant correction of the slip angle and
the head-neck offset is anticipated [16].

The surgical techniques that are used for slip sta-
bilization, depending on their effect on the remain-
ing growth of the physis, can be classified to those
which promote premature physis closure and those
which preserve residual growth.

The classic stabilization of the slip with one can-
nulated screw eventually compresses the physis
and promotes premature fusion, which is anticipat-
ed within 6-12 months after surgery [17,18,19,20].
This technique restricts the remaining longitudi-
nal growth of the femoral neck and eliminates the
growth related decrease of the slip angle and in-
crease of the head-neck offset. Additionally, a short
femoral neck may weaken the lever arm of the hip
abductors [13,18]. This is exacerbated by the contin-
uing growth of the greater trochanter [21,22].

There are several ways to stabilize a SCFE without
affecting the remaining growth, such as multiple (2-
3) nonthreaded pins and the classic cannulated screw
inserted with a technique that allows physeal growth
(gliding screw, Gleitschraube). Especially designed
screws, like the telescopic screw, the pinscrew and
the Hansson pin (hook pin) are also available in order
to stabilize the physis without accelerating its fusion.

Two nonthreaded pins (3-3,5mm) that traverse the
physis are sufficient to stabilize the slip without pro-
moting early closure of the proximal growth carti-
lage compared to the traditional cannulated screw
technique [3,12,13]. The pins are inserted percuta-
neously under image intensification. The patient is
placed either on a traction or on a regular surgical
table.

The gliding screw (Gleitschraube): The classic can-
nulated screw may be placed in a way that stabilizes
the slip without compressing the femoral neck phy-
sis. The thread of the screw is fully contained in the
capital epiphysis but a screw with a relative longer
shaft is selected, so that (depending on the child’s
age, for a presumed residual growth of 2-3 years)
1.5-3 cm of the screw protrude out of the lateral fem-
oral cortex [5,19,24,25]. With ongoing femoral neck
growth, the femoral head pulls the screw along the
femoral neck until the screw head reaches the lateral
femoral cortex, thus preventing further longitudinal
growth of the femoral neck. If further growth is an-
ticipated, the screw may be replaced by a longer one
that protrudes out of the lateral femoral cortex too.

After stabilization with a gliding screw or with
stainless steel non-threaded pins, the growth carti-
lage closes at about 31-37 months [5,18,23], both for
the slipped and for the contralateral healthy hip [23].
Furthermore, there is no significant difference in the
acetabulotrochanteric distance between the painful
and the prophylactically stabilized hips [18]. Some
authors showed that non-compressive stabilization
(Knowless pins, Hansson pin) of the primary af-
fected and the healthy contralateral hip leads also
to simultaneous closure of the neck physis of both
hips (about 17 months), while in hips that were not
pinned (obviously healthy contralaterals, not clearly
stated) the growth cartilage fused at about 2.5 years
[25], implying some interference of implant place-
ment with residual growth of the hip. Growth is
more pronounced on the contralateral hip [18,23,26],
implying that some damage on the slipped physis
may be irreversible. A similar gliding mechanism,
that allows further longitudinal neck growth, is pro-
vided by the Hansson pin [26].

Stabilization of the epiphysis by means of the Pin-
screw [13]: the thread of the screw is located at the
base of the screw and is anchored at the lateral cortex
of the proximal femur, while the body of the screw
is smooth and enters the femoral head, to approx-
imately 2 mm from the subchondral bone. During
femoral neck growth the capital femoral epiphy-
sis slides along the screw. Femoral neck growth af-
ter Pinscrew fixation may eventually lead to: a) a
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higher head-neck offset of the SCFE hip compared
to the preoperative head-neck offset (but usually
lower than the head-neck offset of the contralateral
hip that has been prophylactically stabilized by the
same technique), b) increased neck length (reduced
compared to the length of the contralateral hip) and
¢) increased neck thickness (greater than the con-
tralateral hip). The changes of the affected hip in re-
lation to the healthy contralateral hip indicate that
the growth cartilage of the SCFE hips is either pri-
marily deficient or is irreparably damaged by the
slip or by the surgical technique. Therefore, the im-
plant that is used to stabilize the slip should have
as little deleterious effect as possible on the residu-
al growth of the physis. The Pinscrew is also effec-
tive for the treatment of unstable slips [13], indicat-
ing that growth preserving stabilization techniques
are suitable for both stable and unstable slips.

The telescopic screw (Dynamische Epiphysaere
Telescopschraube) is another method to stabilize
the capital femoral epiphysis without promoting
early physeal closure. This screw consists of two tu-
bular parts. The one part (epiphyseal part, of small-
er diameter) has a distal thread, which is anchored
completely into the epiphysis. The other part of the
screw (metaphyseal, of greater diameter) is proxi-
mally threaded and is anchored to the lateral cor-
tex and the base of the femoral neck. The epiphy-
seal part is contained in the metaphyseal part. As
the femoral neck grows, the epiphyseal part of the
screw is pulled by the epiphysis and slides out of
the metaphyseal part of the screw, which is firmly
located at the femoral neck metaphysis. The whole
construct resembles to a telescope, hence the name
of this screw. The use of the telescopic screw in mild
and moderate slips has led to a reduction of the slip
angle by about 11° and of the a-angle by 30°. Sixty
per cent of the correction was achieved within the
first year of stabilization, emphasizing the impor-
tance of early diagnosis in order to maximize the
benefits of bone growth and remodeling [27]. In un-
stable slips, the insertion of an additional nonthread-
ed pin across the physis is recommended in order
to ensure rotational stability [27]. A biomechanical
study showed that in terms of stability there was no

difference between the telescopic screw and the clas-
sic single cannulated screw, although maximal sta-
bility was observed by placing three 2mm Kirschner
wires across the physis [3].

It seems that the slipped physis takes some time
to resume the normal growth rate, which is proba-
bly faster in younger patients. After Hannson pin
insertion (gliding pin, growth preserving), the af-
fected hip grows initially in a caudal direction, prob-
ably due to inherent disturbance of the growth car-
tilage but also due to inadequate stabilization. After
this initial period, growth continues in the normal
direction, medially and cranially, resembling to the
growth of the prophylactically stabilized hip. This
explains the slightly shorter limb on the SCFE side
in these patients [26].

3. Complications of SCFE

3.a. Avascular necrosis of femoral head:

Avascular necrosis of the femoral head (AVN) is the
most devastating complication of SCFE [2,28,29].
AVN is mostly anticipated after unstable slips
[28,30], complicating 24 %-47 % [28,31] of the cases.
AVN onset is rapid, within the first year after the slip
[29] and is usually located at the anterosuperior part
of the femoral head, while the posteroinferior part
of the epiphysis is usually spared, even in advanced
stages of the disease [32].

AVN leads SCFE patients to total hip replacement
within 10 years, as opposed to patients with postslip
degenerative arthritis, who will undergo total hip
replacement approximately 23 years after the slip
[33]. A study of SCFE patients, who eventually un-
derwent total hip replacement, showed that AVN
is a more frequent cause of total hip replacement,
compared to postslip femoroacetabular impinge-
ment [33].

Risk factors for AVN are: unstable SCFE, extreme
displacement of unstable SCFE, a young patient with
unstable SCFE [30,20], overreduction or anatomic re-
duction of unstable SCFE, placement of a screw or
pin at the posterosuperior quadrant of the capital
femoral epiphysis, injury of the femoral neck ves-
sels due to extreme posterior placement of the im-
plant in an attempt to aim the center of the femoral
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head [34], an attempt to reduce an acute on chronic
SCFE [17,21,25,35] and intra-articular osteotomies of
the femoral neck [2,36].

The pathology of the impaired vascular supply of
the femoral head after unstable SCFE varies. The nu-
trient vessels of the capital femoral epiphysis may be
ruptured, twisted or obstructed either mechanical-
ly or functionally, due to a high intraarticular pres-
sure caused by the intraarticular hematoma [37].
Closed reduction manoeuvres may dramatically in-
crease the intra-articular pressure of the hip up to
levels that exceed the pressure of a compartment
syndrome and are therefore also suggested to pre-
dispose to AVN [29,37]. Since all unstable slips pres-
ent pathology of chronic disease (new bone depo-
sition at the posteroinferior neck metaphysis), any
attempt to reduce the femoral head, whether open
or closed, should stop at this point of chronicity and
should not pass beyond it, towards anatomic re-
duction, otherwise the vessels of the femoral head
will be compressed against this newly formed bone
(callus) or may be tensed [38] and subsequently ob-
structed. Anatomic reduction of the capital femoral
epiphysis without jeopardizing blood flow is reason-
able only after removal of the posteroinferior neck
callus and after femoral neck shortening by means
of a modified Dunn procedure [20,39,40].

Bone scintigraphy before unstable SCFE treatment
is prognostic for subsequent AVN development:
cold bone scans are almost exclusively observed in
unstable slips and are associated with AVN in 80-
100% of the cases [36,41].

3.b. Chondrolysis

Hip pain due to a SCFE resolves almost immediate-
ly after slip stabilization. Persisting pain and stiff-
ness of the hip after surgery may be due to ongoing
articular cartilage damage of the hip joint, known as
chondrolysis. Pain may be located at the hip joint or
it may be reflected on the ipsilateral anterior thigh
or knee. Internal rotation is further restricted and the
limp of the patient is getting worse [2,20]. The diag-
nosis is confirmed radiologically by the loss of more
than 50% of the intraarticular height compared to the
healthy contralateral hip, or in case of bilateral dis-

ease, if the joint space is less than 3mm [20]. The inci-
dence of chondrolysis is 5-7%. Its cause has not been
clearly identified. Autoimmune and trophic factors,
permanent intraarticular protrusion of the stabiliz-
ing implant, prolonged hip spica immobilization, se-
vere SCFE, obesity, delayed treatment, and subtro-
chanteric osteotomy before physeal closure [2,20]
are factors suspected to underlie chondrolysis. Tran-
sient intraoperative implant penetration into the hip
joint during SCFE stabilization does not seem to be
associated with chondrolysis [20,42]. The treatment
of chondrolysis involves revision of the protruding
implant, physiotherapy and analgesics. The overall
prognosis of chondrolysis is better than that of AVN.
Restoration of the joint space within 10 months is an-
ticipated, however residual hip stiffness may per-
sist [20].

3.c. Femoroacetabular Impingement and early onset
Hip Osteoarthritis

Femoroacetabular impingement (FAI) is the most
frequent complication of SCFE. Practically, all sta-
ble SCFE hips which were pinned in situ, even those
with mild slips, are candidates for FAI development
that almost always will result in osteoarthritic le-
sions, which may be severe or only subtle and sub-
clinical [43,44,45,46,47,48,49]. FAI could actually
deemed not a complication, but the end point of the
natural history of SCFE whether untreated or after
in situ stabilization. After this point secondary dis-
ease and reconstruction surgery of the hip is high-
ly anticipated.

FAI occurs during flexion and internal rotation of
the SCFE hip, when the deformed femoral neck (pis-
tol-grip deformity) impacts against the acetabular la-
brum and the acetabular articular cartilage. Patients
with SCFE typically describe pain relief after in-si-
tu hip stabilization for over a period of months (6-48
months) [45] or years (6.1-20 years) [50,51]. After this
time symptoms of FAI emerge, indicating perma-
nent labral and/or articular cartilage damage [45].

In mild and moderate slips, the deformed femo-
ral neck enters the joint resulting in abrasion of the
anterosuperior labrum and the articular cartilage of
the acetabulum (cam type or inclusion type femo-
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Fig. 3: The alpha angle [54] is measured on the frog lateral pelvis view. It is formed between the line hc-nc (connects
the center of the femoral head ~hc- with the center of the narrowest point of the femoral neck -nc) and the line hc-A (A
is the point where the continuation of the femoral neck intersects with the contour of the femoral head). An alpha angle
255° is the lower limit above which femoroacetabular impingement occurs. Left hip: a= 52°, asymptomatic, Right hip:
a=68°, symptomatic FAI

roacetabular impingement) [52]. In severe slips, the
deformed femoral neck can no longer enter the ac-
etabulum, but it strikes the rim of the acetabulum
(pincer type, impaction type impingement) [52]. In-
tra-articular lesions that are observed in severe slips,
are considered the result of impaction type impinge-
ment that occurred at the early stages of the slip [53].

Depending on its severity, FAlis heralded by pain
and restriction of flexion, abduction and internal ro-
tation of the hip. The FADIR sign is positive [51] (ex-
acerbation of pain with flexion, adduction and inter-
nal rotation of the affected hip). Any SCFE hip with
limited internal rotation (<10°) in 90° of flexion or in-
ability of flexion >90° is suspected for FAI [46,47,54].
Characteristic of FAl is the Drehman sign, that is, the
progressive mandatory external rotation of the thigh

when the patient tries to flex the hip. This is due to
an attempt of the hip to overcome the impact of the
deformed anterosuperior femoral neck on the an-
terosuperior acetabulum. Sitting on a chair may be
problematic in severe cases.

The risk of FAI in SCFE increases with slip sever-
ity: FAI will present 100% of the patients with a se-
vere slip, 50% of the patient with a moderate slip
and 33% of the patients with a mild slip [55]. Mild
slips are not free of risk for FAI [20,39,45,53,55,56].
However, many authors report that symptoms of
FAI appear at a slip angle >30° [55,57] and exacer-
bate further depending on the concomitant decrease
of the head-neck offset [57]. Eventually, regardless
of slip severity, 80-90% of the treated slips will pres-
entlabral and acetabular cartilage lesions [1,45]. The
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Fig. 4: the Anterior Head Neck Offset (OS) and the anterior Head Neck Offset Ratio (HNOR) are calculated on the
frog lateral pelvis view. A line (a) is drawn across the axis of the femoral neck. A second line (b) is drawn parallel to (a)
at the level of the anterior contour of the femoral neck. A third line (c) parallel to (a) is drawn across the upper border
of the femoral head. The widest diameter of the femoral head is measured as D. The distance between the lines b and c is
defined as the Anterior Head Neck Offset (OS) and is normally 210mm. The ratio OS/D is deemed the anterior Head
Neck Offset Ratio (HNOR), that in normal hips exceeds 0.15. Left hip: normal OS and HNOR, asymptomatic. Right

hip: zero (1) OS - HNOR, symptomatic FAI

labral lesions appear soon (within 6-12 months) af-
ter slip onset, are located between the 10th and the
3rd hour of the acetabulum and are observed even
in mild slips [39,45,49,58,59]. Later on (within about
3 years) acetabular cartilage defects (Outerbridge 3
and 4) appear [45,58]. The labral and joint cartilage
damage may be subclinical for a long period of time,
but once symptomatic it may eventually lead to ear-
ly reconstructive hip surgery [59].

The radiologic diagnosis of FAI is made on the
frog lateral pelvis view [60]: an alpha angle >55° [54]
(Fig. 3), an anterior head-neck offset ratio (HNOR:
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neck-head offset divided by the femoral head width)
<0.15 [60] and an anterior femoral head - neck off-
set <10mm (OS) are signs indicating FAI [61] (Fig.
4). Some authors suggest a high risk of FAI when
the alpha angle on the cross table lateral hip pro-
jection is >70° [62].However, the original descrip-
tion of the alpha angle was based on MRI scans [54].
Other projections that are useful for the radiologic
assessment of FAI associated femoral neck deform-
ity are the 45° Dunn view (45° hip flexion, neutral
rotation, 20° abduction) because this view portrays
the maximal femoral head asphericity [51], and the
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TABLE 1. SCFE is a cause of early onset hip osteoarthritis and total hip replacement (THR)

1. Patients treated for SCFE in adolescence

Abraham 2007 [67]
* Mean age at THR

- of SCFE patients: 48 years
- of primary hip osteoarthritis patients: 69 years.
* Patients with a history of SCFE in adolescence will receive a THR:

Wensaas 2011 [43]

-9% in 30 years
-23% in 40 years

Larson 2012 [56]

2. Radiologic studies in patients with hip osteoarthritis

SCEFE patients undergo THR 11 years earlier compared to patients with primary hip osteoarthritis

5% of SCFE patients will have a THR within 20 years from SCFE diagnosis

* SCFE is the underlying cause in 4.1-6.5% of cases of hip osteoarthritis
* 39.5% of patients with hip osteoarthritis without a history of hip symptoms in adolescence

Murray 1965 [68]

present a pistol grip deformity of the femoral neck (described by the author as “tilt

deformity of femoral head”). These cases may be attributed to a silent, hence undiagnosed,

SCFE

* SCFE is the cause of hip osteoarthritis in 2.9% of patients that undergo a THR before the

Clohisy 2011 [69]
the age of 50 years

age of 50 years. According to the authors, SCFE represents a distinct severe cause of FAIL
* Cam type FAl is the cause of hip osteoarthritis in 9.3% of patients that had a THR before

» Age at THR: 56.2 years (SCFE patients) vs 66 years (primary hip osteoarthritis patients)

Murgier 2013 [48]

» radiologic signs that suggest a SCFE history are present in 24.7% of all THR patients and in

35.7% of THR patients younger than 60 years.

false profile hip view (patient standing, pelvis an-
gled 65° to the cassette, foot parallel to the cassette)
[62]. Therefore, the comparison of the alpha angle of
the SCFE hip with that of the opposite asymptomatic
hip seems reasonable in order to diagnose a symp-
tomatic FAI causing neck deformity. The head-neck
offset affects hip mobility independently from the
slip angle. A decreased head-neck offset may restrict
hip mobility of a moderate slip to that observed in
case of a severe slip [57].

The incidence and severity of FAI induced labral
and articular cartilage damage of the acetabulum
increase with slip chronicity [39] and slip severity
[47]. Interestingly, slips that were deemed unstable
during surgical hip dislocation presented less labral
and acetabular cartilage damage compared to chron-
ic stable hips, probably because the dramatic clinical
presentation of instability forces the patient to seek
early medical care [39]. This explains why in situ sta-
bilization yields better long term results in patients

with acute on chronic slips compared with patients
who suffer chronic slips of the same severity [63].

According to some authors, the correlation of ra-
diologic signs of SCFE (slip angle, alpha angle) with
the clinical presentation of FAI is not statistically sig-
nificant [51]. This is because the clinical (symptomat-
ic) FAIis multifactorial and depends on the patient’s
occupation and level of physical activity, and on oth-
er anatomic factors of the hip as well, such as the ace-
tabular depth (coxa profunda), the femoral neck ver-
sion [51], the acetabular version (retroversion results
in mixed type cam and pincer FAI) [20,51,64] and an
anterior and lateral Center-Edge Angle of the acetab-
ulum >35° [46,64]. These factors multiply the dam-
aging effect of the abnormal postslip femoral neck
on the acetabulum.

The end result of FAI is secondary hip osteoar-
thritis and a total hip replacement at a younger age,
compared to the general population. Osteoarthritic
lesions of the hip are extremely common in patients
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with SCFE (Haegglund 1987: 24% of SCFE hips were
osteoarthritic after 28 years follow up) [21] and are
observed in all types of slip severity [56]. Further-
more, SCFE is the most frequent (35.7%) cause of
hip osteoarthritis in patients younger than 60 years
of age [48].

The incidence of total hip replacement in SCFE pa-
tients has not been clearly elucidated, because all
published studies are retrospective. It appears, how-
ever, that SCFE patients will undergo a total hip re-
placement at least 10 years earlier than patients with
idiopathic hip osteoarthritis (table 1).

3.d. Implant related Complications

In addition to complications inherent to SCFE (AVN,
chondrolysis, FAI), there are complications related
to the surgical technique, the type of the implant
that is used to stabilize the slip and the impact of
the implant on the residual growth of the femoral
neck physis.

Thin pins may migrate, loosen or bend under the
patient’s weight and may lead to slip progress. In
the treatment of severe slips, aiming the center of
the capital femoral epiphysis may result in extreme
posterior placement of the implant (pin, screw) into
the femoral neck. At this position the implant may
injure the nutrient vessels of the epiphysis, either at
their course in the posterosuperior (lateral) retinac-
ulum [65], if the implant exits the posterosuperior
neck cortex [34], or at the posterosuperior quadrant
of the epiphysis, where the nutrient vessels enter the
capital femoral epiphysis [2,42,66].

Implants that protrude into the hip joint will inev-
itably result in hip chondrolysis, while temporary
intraoperative joint penetration by the implant does
not seem to increase the risk of chondrolysis [20,42].

Occasionally, the remaining femoral neck growth
may cause the epiphysis to “grow out” of a non-
threaded pin. In this case, the epiphysis disengag-
es from the implant and slips further on the femoral
neck (lost epiphyseal grip due to growth) [21]. Cy-
clic loading on the free end of a pin that protrudes
out of the lateral femoral cortex may cause this pin
to loosen and migrate (windshield wiper loosening,
lost epiphyseal grip due to sliding) [21,23].

Multiple drilling of the femur in order to obtain
a perfect pin/screw insertion into the femoral neck
and head may significantly weaken the lateral fem-
oral cortex and result in a fracture of the femur at
the point of screw insertion [23,34]. The same can be
observed after physeal fusion, if excess bone is re-
moved from the femur in an attempt to expose and
remove deep buried implants.

An entry point of the implant at or below the less-
er trochanter should be avoided, since it may pre-
dispose to a subtrochanteric fracture [42]. The risk
of complications rises with the number of pins or
screws that are used.

Considering the above, one screw fixation seems
to be the optimal method to treat SCFE, because it
combines stability with a low risk for implant re-
lated complications [1,66,70]. The surgeon should
insert the implant above the level of the lesser tro-
chanter and avoid multiple drilling of the lateral cor-
tex [1,66].

In addition to the Cam-type FAI, hip flexion
may occasionally cause the screw head to impinge
against the acetabulum. This is observed when the
entry point of the screw is placed on the anterior
metaphysis, medial to the intertrochanteric line, in
an attempt to insert the screw vertically through the
center of the epiphysis [17]. This risk can be avoid-
ed if the screw entry is lateral to the intertrochanteric
line. The oblique course of the screw does not seem
to harm the stability of the fixation [71,72].

4. Special topics about SCFE

4.a. Bilateral disease - Prophylactic fixation of the
Contralateral Hip?

Klein estimated the frequency of bilateral hip in-
volvement in SCFE up to 40% of the patients [73].
However, the incidence of contralateral disease
seems to be much higher [42,74,75,76]. One may con-
sider that a frequency of bilateral hip involvement
of about 50% within 2 years of the first hip disease is
a reliable estimate that complies with most reports.
The risk of bilateral disease is much higher in obese
patients or in patients with endocrine disorders [22],
where the contralateral hip may be involved in up
to 100% of patients [77]. It has been calculated that
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the risk of contralateral disease of a patient with one
SCFE hip is 2,335 times higher than the risk of the
general population to suffer the first SCFE [78]. The
most extreme view was recently stated by Billing,
who suggested that theoretically all slips are bilat-
eral, just in some patients the fusion of the contralat-
eral hip physis prevents the slip angle from exceed-
ing 13°, that is deemed the upper normal limit [79].

The contralateral hip may present SCFE either si-
multaneously with the first hip (8-27%) [75], or lat-
er, usually within 3-5 months after the first hip dis-
ease (19-40%) [23,75]. However, not infrequently, the
contralateral slip is first diagnosed in adulthood, ei-
ther incidentally (e.g. pelvis x-ray after an accident)
or because the patient complains of a nontraumatic
painful hip. This is due to either a missed diagnosis
during adolescence or to a subclinical contralater-
al disease during adolescence (aymptomatic or si-
lent slip). Indeed, most contralateral slips (41-92%)
[74,75,80] are asymptomatic, and when diagnosed in
adulthood they often (29%) present secondary oste-
oarthritic lesions [21].

It is obvious that the contralateral hip should al-
ways be stabilized if symptomatic. It should also re-
ceive prophylactic stabilization if it is asymptomat-
ic but with radiologic evidence of an established
slip or a preslip. However, the question is wheth-
er the asymptomatic and radiologically normal con-
tralateral hip should undergo prophylactic fixation
in order to prevent future SCFE. Obesity and un-
derlying hormonal disorder are certainly indica-
tive of prophylactic stabilization of an asymptomat-
ic contralateral hip. However, there is no consensus
among the authors.

The opponents of prophylactic stabilization of an
asymptomatic contralateral hip argue that prophy-
lactic stabilization of the contralateral hip bears com-
plications too, although not as frequent as in case
of therapeutic slip stabilization [81]. Such complica-
tions are inflammation [82], AVN [20,33,42,83] and
implant-related fracture [42]. Other authors ques-
tion the increased risk of secondary osteoarthritis of
the contralateral hip [43,84], despite the increased
alpha angle observed on the contralateral hip of pa-
tients with SCFE [84]. Others advocate that the pre-

ventive contralateral physis stabilization represents
unnecessary surgery in 59% [80] to 81% [78] of cas-
es, because the contralateral slip is usually a mild
(73-78%) [78,85] acute SCFE (the first hip is usually
a chronic slip [85]), that is prompt diagnosed (alert
patient and physician) and treated. On the other
hand, it is questionable if prophylactic fixation of
the asymptomatic contralateral hip may spare this
hip from the development of a pistol grip deform-
ity or a retroverted femoral head, which are consid-
ered as the mildest forms of a silent SCFE. Further-
more, these mild deformities are frequently found in
asymptomatic adults and it is not evident that they
predispose to hip osteoarthritis [78].

The advocates of prophylactic stabilization of the
healthy contralateral hip state that the morbidity and
the complications of prophylactic fixation are minor
compared to those observed with therapeutic inter-
vention for the established slip [27,40,75,86,87,88].
Furthermore, prophylactic fixation spares the con-
tralateral hip from a silent slip and the prophylacti-
cally fixed hip rarely presents radiographic evidence
of Cam type FAI [51,76]. Hansson suggests that the
contralateral hip should receive growth preserving
prophylactic treatment only in case of endocrine dis-
order, obesity, a delay in the diagnosis of the first hip
or if geographical or social factors will omit prompt
medical care to the patient [22].

Preventive stabilization of the contralateral hip
bears some controversy in regard to the remaining
growth of the hip. Prophylactic stabilization of the
contralateral hip does not seem to accelerate phy-
seal closure relative to the primary SCFE hip, pro-
vided that a growth preserving technique is applied
[18,23,25,26]. Growth arrest promoting techniques,
such as the classic (compressive) insertion of a can-
nulated screw is no longer favored compared with
multiple K-wire stabilization [14]. Other surgeons
abandon K-wires for prophylactic pinning in order
to avoid disengagement of the capital femoral epi-
physis out of the stabilizing implant by the growing
femoral neck [22]. However, it is reasonable to fix the
contralateral hip with the same implant and tech-
nique as the primary hip in order to affect the resid-
ual growth of both hips symmetrically. This implant
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should not promote early physeal closure, especial-
ly in younger children, that are prone to present bi-
lateral disease.

Between those extremes is the attempt to identify
signs that may predict increased risk for future con-
tralateral hip disease, in order to select patients with
unilateral SCFE for targeted preventive stabilization
of the contralateral hip.

The posterior sloping angle of the femoral neck
physis, i.e. the angle formed by the physis (not the
epiphysis! - slip angle) and a line vertical on the
femoral neck-shaft axis as seen on the frog lateral
pelvic projection has been suggested to predict in-
creased risk for future SCFE of the contralateral hip
[89]. This angle depicts the orientation of the phy-
sis and seems to be a significant anatomic differ-
ence between SCFE and normal hips [89]. A posteri-
or sloping angle greater than 12°-15° [20,90] entails
increased risk of slippage and is indicative for pre-
ventive stabilization [20], while a slope angle of>19°
is observed in symptomatic slippage and the corre-
sponding hips should be stabilized [91].

The modified Oxford score estimates the slip risk
of the contralateral hip by assessing five radiologic
parameters that are visible in the pelvis view: The il-
iac crest, the triradiate cartilage, the capital femoral
epiphysis, the trochanter major and the trochanter
minor are each scored in one of three stages of matu-
ration. Younger patients have lower scores and have
a greater risk for contralateral hip disease. A total
score of 16.17 or 18 has a 96% positive predictive val-
ue and 92% negative predictive value and is proba-
bly the most reliable predictor of a future contralat-
eral slip [92].

The maturation of the triradiate cartilage appears
to be a reliable prognostic factor per se for an in-
creased slip risk, yet not as effective as the modified
Oxford score. An open triradiate cartilage (Grade 1
in the scoring system) implies a 89% probability for
a contralateral slip [92].

The alpha angle is also a useful predictor of a con-
tralateral SCFE: an alpha angle >50.5° is associated
with increased risk of contralateral hip involvement
and could be used as a threshold for prophylactic sta-
bilization of the contralateral asymptomatic hip [93].

Other factors that favor prophylactic stabili-
zation of the contralateral hip are: obesity (BMI
>95th,>35kg/m2), young age (girls <10 years, boys
<12 years), female gender, endocrine disorders
[20,90,94,95,96,97].

4.b. Subclinical -Silent - Asymptomatic SCFE?
Hip morphology suggesting an underlying SCFE is
a frequent finding in the adult population, ranging
from 6.6% in a healthy cohort of young adults [100]
t0 24.7% in patients who had a total hip replacement
[48]. Similar morphology was found in 8% of bone
samples [98]. Moreover, most contralateral slips are
first diagnosed in adulthood without a positive his-
tory for hip disease [74,75,80].

Compared with the rarity of SCFE in adolescence,
this increased SCFE morphology in end-stage osteo-
arthritis of the hip strongly suggests the existence of
a subclinical (silent, asymptomatic) slip of the capi-
tal femoral epiphysis, that stops with physis fusion.
Some of these silent slips will become symptomat-
ic in the adult life. A Southwick angle >13° at phy-
seal closure of a hip without a SCFE history during
adolescence sets the diagnosis of a silent SCFE [79].
Nevertheless, the ratio between the symptomat-
ic (pain, limp) diagnosed SCFE, the symptomatic
missed (nondiagnosed) SCFE and the asymptomat-
ic (silent, subclinical) SCFE is unknown.

4.c. Post-slip and Slip-like Femoral Neck Deformity
More than 50 years ago, it has been suggested that a
mild deformity of the proximal femur, that resem-
bles to the pistol grip deformity observed in SCFE
might be the cause of 39.5% of cases of hip osteoar-
thritis, which were originally classified as idiopathic
(primary or of unknown etiology, in patients with-
out history of hip symptoms in the adolescence [68]).
This deformity was originally described by Murray
(1965) as the “tilt deformity of the femoral head”. It
is observed mostly in men and becomes symptomat-
ic before the onset of radiological signs of hip oste-
oarthritis [68].

The question is to what extent the femoral head-
neck deformity that leads to a Cam-type FAl is the
result of a pre-existing SCFE. It is estimated that slip-
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like (of unknown etiology, no SCFE history in ado-
lescence) or post-slip (after in situ pinning for SCFE
in adolescence) morphology (positive fovea sign: the
neck axis does not pass through the fovea capitis;
tilt angle: the angle between the perpendicular to
the line joining the edges of the capital femoral epi-
physis and the axis of the femoral neck >4°) account
for 12% and for 3% of all cam type FAls respective-
ly [99].

It seems that post-slip hip deformity that leads to
hip osteoarthritis and total hip replacement is less
frequent compared to the slip-like deformity of the
femoral neck (table 1). This is due to the fact that the
suggestion of an underlying SCFE in the adult hip
is based on a different methodology (pistol grip de-
formity, fovea sign, tilt angle etc), which is not ap-
plied to the adolescent hip (Klein line etc). Therefore,
the prevalence of post-slip and slip-like deformity in
the adult population are not comparable and there is
an obvious risk to overdiagnose an underlying SCFE
in the adult hip. However, the increased SCFE mor-
phology in end-stage osteoarthritis of the hip may
to some extent reflect the high incidence of subclin-
ical or undiagnosed SCFEs that were never treated
in the past and that will become symptomatic in the
adult life [98,100].

4.d. Delayed diagnosis or missed diagnosis?

An average delay of 14.6 months to diagnose and
hence to treat SCFE has been reported since al-
most a century ago [35]. To date, progress towards
a prompt diagnosis has not been spectacular, as re-
cent studies report an average delay in the diagno-
sis of SCFE of about 5-7 months [43,73,101,102,103]
with 1,186 days being the most extreme reported de-
lay [104].

There are various explanations for this delay.
Some factors are related to the patient, such as the
subjective perception of hip pain and limp by the
patient or the educational and social status of the
family. Other causes of a delayed diagnosis are the
availability and accessibility of any kind of Health
Service. However, in about the half cases, the cause
of late diagnosis is the physician himself [105,106],
usually a non-orthopedic. In this case, the delayed

diagnosis is a diagnosis missed by the health profes-
sional [103,106].

A stable, slowly progressing slip, which is accom-
panied by relatively mild symptoms, may be under-
estimated by the patient and the doctor as well. His-
tory of pain may obscure the diagnosis: only half
of cases complain of hip pain [2,17,101]. In the re-
maining cases, patients report knee pain (26%), thigh
pain (16%), or a painless limp (8%) [101]. It is not un-
common for the doctor to be misled by the referred
pain on the thigh or the knee and to seek radiologi-
cal control of the respective anatomic regions. Even
if the clinical examination indicates hip pathology,
the classic anteroposterior pelvis view has low sen-
sitivity for a SCFE diagnosis. The frog lateral (Lau-
enstein) pelvis view is the most appropriate exami-
nation for this purpose [107,108], yet this projection
is ignored and not even requested by many physi-
cians, or it is usually requested at a subsequent vis-
it of the complaining patient [106,109]. Patients ex-
amined by specialized orthopedic surgeons have
the shortest delay in diagnosis compared with other
doctors involved in primary health care [103]. This
should raise attention to all non-orthopedic health
professionals (primary care, trainees), who will most
likely be the first to examine the adolescent with a
non-traumatic limp [104].

The duration of the symptoms until hip stabi-
lization, in other words the length of the delay in
diagnosis and treatment, is directly related to the
severity of the slip [43]. A greater delay of the di-
agnosis is associated with higher slip severity
[17,21,43,100,110,111] and worse long term results
after treatment [101]. For each month of delay of di-
agnosis the severity of the slip increases by one lev-
el [43,102].

Considering that mild SCFEs have excellent prog-
nosis in 94-96% of cases [112], that femoral neck resid-
ual growth and remodeling will correct the slip angle
about 10°-15° and the alpha angle about 10°-30°and
that FAl is observed with a slip angle >30° [55,57] and
an alpha angle >55° [54], it is concluded that a de-
layed diagnosis and treatment of SCFE deprives the
hip of the potential to regress to a less severe deform-
ity and thus to avoid FAI and early onset secondary
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osteoarthritis. Given that in-situ stabilization is the
universally accepted treatment for all SCFEs, it ap-
pears that early diagnosis is the most important fac-
tor in order to obtain satisfactory long-term results
with this treatment [73,109]. Therefore, SCFE should
be a key component of the differential diagnosis of
every non-traumatic limp of the adolescent.

A delayed diagnosis refers almost always to stable
slips. It is extremely uncommon for an unstable slip
to skip immediate diagnosis and treatment, because
the dramatic clinical presentation urges the patient
to seek medical help. However, if an unstable slip is
left untreated, it seems that after 2-3 weeks the hip
pain moderates but always persists. Within months
the hip is stiff in flexion, adduction and external ro-
tation [2]. Osteoarthritis is evident on x-ray [2].

4.e. Growth and Remodeling in SCFE

4.e.1. Limb Length Discrepancy in SCFE

Postslip Limb Length Discrepancy (LLD) is always
due to a -ipsilateral to the SCFE hip- shorter lower
limb [51]. In a retrospective study of patients with
SCEFE, who did not receive surgical treatment, the ip-
silateral limb was 2-5cm shorter and the ipsilateral
thigh circumference was 2-7cm thinner compared to
the contralateral [113]. A retrospective study of pa-
tients operated for SCFE showed that the operated
lower limb was only 0.5-0.8 cm shorter than the con-
tralateral in almost all cases [21].

There are two types of LLD in SCFE: apparent
LLD and true LLD. The true LLD is attributed to the
posterior and medial epiphyseal slip and the subse-
quent proximal migration of the femoral neck. It is
also secondary the potentially disturbed remaining
growth of the slipped physis due to mechanical trau-
ma or added surgical morbidity. True LLD is evident
in moderate to severe slips and is on average 14-15
mm at the time of physeal closure [114,115]. The ap-
parent shortening is slightly greater than the true
shortening (~17mm). It is also observed in moderate
to severe slips and is the result of the restricted ab-
duction of the affected hip in an attempt to avoid im-
pingement of the deformed femoral neck on the ac-
etabulum (cam type FAI). The patient compensates
the restricted abduction by ipsilateral pelvis eleva-

tion during walking [114]. Older children may pres-
ent a greater LLD, probably secondary to a delayed
diagnosis and hence a slip of higher severity and less
remaining growth [115].

4.e.2. Bone Remodeling of the SCFE hip

Femoral neck remodeling of the SCFE hip has been
described since almost a century ago [35]. This pro-
cess consists of bone absorption at the anterosuperi-
or surface of the femoral neck metaphysis and bone
deposition at the posteroinferior aspect of the meta-
physis. Femoral neck remodeling starts shortly after
slip initiation. Callus formation at the posteroinfe-
rior neck is evident on ultrasound three weeks after
slip onset and signals the transition of the acute slip
to a chronic one [116].

Bone absorption at the anterosuperior metaphy-
sis results in the formation of a hump (or bump),
known as the “Herndon’s hump”. Bone deposition
at the posteroinferior metaphysis is described on
the frog lateral pelvis view as the “crow’s beak”sign
[73]. There is shortening and overall thickening of
the femoral neck. The proximal femur assumes the
“pistol grip deformity”.

Femoral neck remodeling may be beneficial for the
postslip anatomy of the proximal hip (table 2) and
may prevent FAI or gait disturbance, but this poten-
tial is not unlimited. Some correction of the slip an-
gle, the alpha angle and the head-neck offset is an-
ticipated in relatively younger patients with mild or
moderate slips, but not in severe slips [19,11] . Un-
fortunately, this correction will probably not com-
pensate a slip angle of >30° [55,57] -35° [118] and thus
will not be able to prevent FAI and early hip osteo-
arthritis. Therefore, a slip angle of 30°-35° could the-
oretically be the upper limit for in situ stabilization,
while in more severe slips additional surgery (ar-
throscopic osteochondroplasty, open osteochondro-
plasty, modified Dunn procedure) should be con-
sidered in order to prevent FAI [55,118]. However,
according to the same authors, the generally report-
ed good long-term results after in situ stabilization of
moderate slips, do not justify prophylactic surgery
for FAI in moderate slips, unless the hip becomes
symptomatic [118].
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TABLE 2. The effect of femoral neck remodeling on factors associated with FAI after in situ fixation of SCFE

* 70 hips, 7.1 years after in situ pinning, probably classic cannulated screw

Jones 1990 [19]

* remodeling occurred in 90% of patients with mild slips and 50 % with moderate slips.
* 75% satisfactory remodeling if slip angle <40°

* Hip kinematics: remodeling leads to an increase of internal rotation of the hip.

* 55 hips, in situ fixation, classic cannulated screw

Wong-Chung 1991 [125]

* Mean slip angle correction: 11.7° (6°-25°)
» Compensatory (non anatomic) osteotomy should be considered 2 years after slip fixation,
if remodeling is insufficient.

* 59 hips, Knowless pins, Hansson pins
* Slip angle reduction: 13.5° on the frog lateral view, 7° on the anteroposterior pelvis view
¢ Increased width of the neck (+2.95mm compared to contralateral)

Bellemans 1996 [25]
metaphysis)

* head - neck angle: correction towards 0° (normal, optimal support of the epiphysis on the

* excellent results in 90% of patients, except of a slight (!?) reduction of internal rotation of

the hip

¢ gliding cannulated screw
* 29 slips in 25 patients,

Kumm 2001 [23] « Mild slips (<30°)

* longitudinal neck growth 15-30 mm,

* slip angle reduction 15%

* 59 hips, mild-moderate SCFE

* in situ stabilization with one cannulated screw

Dawes 2011 [117]

* alpha angle correction: 17.7°

¢ Klein’s line offset increase 4.8 mm

* 69 hips, 56 patients, stable SCFE, in situ pinning

* Mean alpha angle correction: 24.9°

Akiyama 2013 [119] * Mean Head-Neck Offset Ratio (HNOR) correction:0.086 => 0.135
* Residual cam type deformity in 29.4 % of patients
* 19 cases, retrospective study, stable and unstable SCFEs
* telescopic screw

Schumann 2016 [27] * Slip angle correction from 30.3° to 19.3

* Alpha angle correction from 91.3° to 62°

* in 9 of 11 patients: correction of the neck shaft angle (varus neck due to slip)
* the maximal correction was observed 6-12 months after slip stabilization

Megalooikonomos 2017 [126]

Growth and remodeling of the femoral neck pro-
gress as long as the physis is open and end with phy-
sis fusion [19,23]. It appears that FAI is less common
in children younger than 11 years [119]. A sign in-
dicative of the remaining growth and remodeling
potential of the SCFE hip is the triradiate cartilage
of the acetabulum. Fusion of the triradiate cartilage
precedes femoral neck physis closure by 12 months
[5]. There are three stages of maturation of the trira-
diate cartilage: open, intermediate open and closed
triangular cartilage [120]. A wide to intermediate

* mean correction of alpha angle: 13.45°
* mean correction of the HNOR: - 0.030 => + 0.039

open triangular cartilage implies a significant re-
sidual growth and remodeling potential of the af-
fected hip [111] that might be effective to improve
the postslip femoral neck deformity even in mod-
erate slips [13,120]. Such patients may benefit from
growth preserving slip stabilization surgery (tech-
nique, implant) [27,120].

However, the correction of the femoral neck-head
relationship through bone remodeling after in situ
slip stabilization is significantly less compared to the
immense correction achieved after a modified Dunn
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TABLE 3. current concepts for the treatment of SCFE

1. Stable SCFE
a. mild (<30°):
1. in situ stabilization

2. + growth preserving technique in case of open triradiate cartilage
3. + osteochondroplasty (open, arthroscopic)

b. severe (>500):
i. open physis:
1. in situ stabilization

2. anatomic reduction (modified Dunn procedure)
3. + osteochondroplasty (open, arthroscopic)
ii. closed physis (in case of FAI following primary in situ fixation)
1. subtrochanteric osteotomy Southwick, Imhauser
2. osteochondroplasty (open, arthroscopic)
c. moderate (300-50°): treat as mild or severe SCFE!

2. Unstable SCFE:

a. Incidental reduction £ decompression of hip haematoma + in situ stabilization (AVN 0-50%)
b. Partial reduction with arthrotomy (Parsch) + pinning (AVN 5%)

¢. Modified Dunn procedure (AVN 0-26%)

procedure of the hip (alpha angle correction: 53°, slip
correction: 43°) [114].

4.f. Should the implants be removed?

Implant removal after fusion of the proximal fem-
oral physis bears some risks (34%-50%) [121,122].
A partially threaded screw may not “unscrew” or
it may break. Titanium screws may bind strongly
to the bone and their removal may be particularly
problematic. Excess bone removal at the lateral fem-
oral cortex in order to access an implant that is bur-
ied deep into the bone may increase the risk for a
pertrochanteric fracture. Despite the general percep-
tion that the implants should be always removed be-
cause they may cause late inflammation, malignan-
cy or make a future total hip replacement difficult,
it seems that such complications lack literature sup-
port [121]. For this reason, SCFE stabilization im-
plants should be removed only if they are deemed
responsible for secondary symptoms such as tend-
initis of the iliotibial band, bursitis of the greater
trochanter or if the implants are loose and migrate.
However, there are no clear indications to remove
or not an asymptomatic implant and the surgeon
should assess the risks and benefits of this addition-
al surgery [121].

4.g. Therole of hip arthroscopy in the treatment of SCFE
Arthroscopic osteochondroplasty of the femoral
neck is a useful procedure in the treatment of SCFE
and may be performed either simultaneously with
in situ pinning [123] or later [59], in order to prevent
or treat FAI [124].

Arthroscopic osteoplasty reduces the alpha angle
by 20°-40° and increases the head-neck offset [58,59],
not only in mild and moderate but also in severe
slips (slip angle up to 65°) and leads to a remission
of FAl related pain as well as to increased hip mo-
tion [58].

Hip function both before and after arthroscopic
osteochondroplasty is inversely related to the time
elapsed from slip onset (duration of slip). For this
reason, neck osteochondroplasty should be per-
formed as early as possible in order to avoid irre-
versible damage of the labrum and the acetabular
cartilage [58]. Consequently, the question is wheth-
er mild and moderate slips should undergo early ar-
throscopic osteochondroplasty, or should the post-
slip femoral neck deformity be addressed later, after
femoral neck remodeling is complete [59]?

A shortcoming of arthroscopic osteochondroplas-
ty is that it does not restore the normal relation be-
tween the femoral head and the load bearing surface
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of the acetabular roof. The articular cartilage of the
femoral head has a maximum thickness around the
area of the fovea capitis, while the cartilage at the
periphery of the femoral head is thinner. Femoral
head retroversion seen in SCFE leads to a change of
the normal load bearing surface of the femoral head.
Acetabular load is transmitted through regions of
the femoral head with a thinner articular cartilage.
Thus, even in the absence of FAI, the femoral head
cartilage may present a higher risk for early damage
[67]. Therefore, anatomical femoral epiphysis reduc-
tion by means of a modified Dunn procedure (and
not arthroscopic osteochondroplasty) is expected to
be more effective in preventing early osteoarthritis
of the SCFE hip, especially in the treatment of mod-
erate and severe slips.

There are only a few published cases of arthro-
scopic subcapital osteotomy in moderate and severe
stable SCFE. The technique is extremely demanding
but reportedly quite effective, with a mean restora-
tion of the slip angle of about 40° and a significant
improvement of hip function. There is no need for a
trochanteric osteotomy and the ligamentum teres is
spared. Main disadvantage of this method is the rel-
ative short follow-up, so that safe conclusions can-
not be drawn [127].

Hip arthroscopy may also be useful in the treat-
ment of unstable slips. Reduction of the capital fem-
oral epiphysis to the pre-slip position without ten-
sioning the nutrient vessels has been attempted. The
results are promising, yet alonger follow up of more
cases are needed before this technique is adopted for
the treatment of unstable slips [95].
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the treatment of slipped capital femoral epiphysis?
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2. Loder RT, Aronsson DD, Dobbs MB, and Wein-
stein SL. Slipped Capital Femoral Epiphysis. | Bone
Joint Surg Am 2000;82A(8):1170-1188

5. Conclusion

The effectiveness of any treatment for SCFE de-
pends on two factors: (a) early diagnosis, that re-
sults in less proximal femoral deformity and less
damage to the acetabulum due to FAI, and (b) the
restoration of the femoral head - neck relation-
ship, either through growth and remodeling or by
means of surgery. A SCFE of higher severity and
duration is associated with more severe lesions of
the labrum and the articular cartilage of the acetab-
ulum and with more severe osteoarthritic lesions
of the hip. On the other hand, in situ stabilization of
a slipped physis is not enough to reverse the con-
tinuing damage of the acetabulum that is caused
by a permanently deformed femoral neck. Table 3
summarizes current concepts on how to deal with
SCFE. There is a trend towards more aggressive
methods, such as hip arthroscopy and modified
Dunn procedure. Prospective randomized stud-
ies will highlight the most appropriate technique.
Until then, in situ stabilization is the safe choice
for the patient and the surgeon. The prevention of
child obesity is a key factor in order to reduce the
incidence of SCFE. Delay in diagnosis and treat-
ment leads to worse long term outcomes. There-
fore, SCFE should be always kept in mind of the
primary care provider when dealing with a limp-
ing adolescent. The frog lateral projection of the
pelvis should always be requested when examin-
ing a non traumatic limping adolescent.
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Alapopot TOIotl LAIKGOV €xovv xprjotponou)det yia v avtipetomnon g EmeootoAiodnong tng Mnpuatag Kepa-
g (EMK). Extog amo ta pin) etdikd bAKd, 01mg ot BeAoveg Kat ot abAo@opeg Pideg, €YoV KATAOKEDAOTEL eITiong
edwa ya mv EMK vAwd, oneg etvat ) tAeokormmkr) $i0a, 1) Bida-Pedova, o ihog Hansson ka. Xapaxtnplotix)
1O10TTA TV TEAEDTAL®V vt OTL oTafeporrolody v oAiodnor X®Pig VA KATACTEAODY TO DIIOAEUIOHEVO SOV
KO avdIrodng mg eyyds pnptatag ermigoong. H dwatr)pnon g avarrtodng, oe covOLaopo fe TV avaKaTtaokent) TOD
HnpPwaion avyevda, xel @G OLVEIIEW T Pel®or) TG Yoviag oAiobnong kat v avdnon tov offset pnpiaiag xepahr)g
- pnPLaion avyevd, Yeyovog oL AIIOOEIKVDETAL EDEPYETIKO MG IIPOG TIV AIIOPLYT| PNPOKOTOALLAG IPOCKPOLOTS,
Waitepa oe pKpng Kat pEtpiag Bapvtntag ohtodroets. H pnpoxotoAiaia mpooKpovor) aroteel TV IIo Oux VI -
m\oxr| T EMK, ) orota mapatnpeitat akopa kat oe pkprg fapotntag ohodroetg. H donrren vékpwon g pnpt-
aiag Ke@aAr)g aroTte\el TV Mo Kataotpo@ukr) ermtAokr) g EMK kat avarmogevkta o0nyet oe Mp@r) OAKI) avti-
KOTAOTAOL) TOD IIAOXOVTOG o) iov. Zdvia, al\d emiong coBapr emumhoxr) g EMK, etvat n xovdpoAvor), 1) omoia
XapaxtnpiCetat ammo ONHavTiKe) aroAela apfpkod xovopow tov 1oxtov. ANeG ermmAokég OxeTiCOVTaL Pe Ta DAIKA
otabeporoinong, ONeg eitvat 1) KOPTOOT), 1] XAAIP®OOT KAl I] PETAaVAoTevor) Tov bAkov. H mpoAnrtikr) rj\@or) too
JOLHITIOPATIKOD ETEPOIAEDPOV LOXLOD ATIOTEAEL AVTIKELPEVO EMOTHIOVIKIG dtapdyg. AVOEKTIKO 08 XPOVO KAt
xopo xapaxtprotko g EMK amotehel ) kaBootépron ot 61y veor) Kat - EMOpEVaG - otV avTtpetomor) g, H
vrapdr LIOKAVIKLG, alAd ev Svvdapet emdetvovpevng, EMK, ototyelofetel to avtikeipevo moAav epeovmv. Aev
DIIAPXEL OPOPDVIC OXETIKA PIE TNV AQALPEOT) 1) ] TOV DAIK®V otabdepornoinorng, didaitepa epooov avtda dev mpo-
KaAovy ooprteopata. AoSavopevo evotagepov napovoldlet 0 poAog TG apOPOCKOITIKIG 00TEOXOVOPOIIAAOTIKI|G
Yo TV IPOAWI] KAt TV IPMHN AVTPETOIILON TG PNPOKOTOALALAG IIPOOKPODONS.

AEEEIX KAEIAIA: em@uotolicBnon pnplaiag KeQalig, XEPOVPYIKEG TEXVIKEG, EMUIIAOKEG
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