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Preface

Legg-Calvé-Perthes Disease (LCPD) has baffled treating physicians for over a cen-
tury. If a patient were to be evaluated by three reputable experienced pediatric ortho-
pedic surgeons, they would likely receive three very divergent opinions. One of my
mentors, Dr. Wallace Lehman, has taught me that no matter what is done, one third
of the patients will do very well, one third will do “okay,” and the other third will do
poorly. Another teacher, Dr. John Wedge, taught me that LCPD is about manage-
ment; no one method is utilized for treating all. Some will require simple exercise
programs, while others may require extensive pelvic and femoral surgery. The treat-
ing physician must know how to manage the individual patient.

The purpose of this book as we enter the third decade of the new millennium is
to outline all the current treatments of LCPD from around the world and even per-
haps future developments that may change our management and outlook regarding
this disease. What is obvious from the chapters that follow is that the surgeon treat-
ing this disease must have a large arsenal of interventions and procedures in his or
her skill set to achieve an optimal result.

No book on LCPD could be written without controversy, as each experienced
surgeon has a bias to their method and their algorithm for treatment. I hope that
from these chapters one can garner and become acutely aware of all the possibilities
and apply them when appropriate. It is certainly possible that in my lifetime this will
be a completely medically treated disease, orchestrated with medical intervention
bone repair and remodeling. However, until that time, we are left with the following
book as a guide to the complex management of the uncommon disease.

West Palm Beach, FL, USA David S. Feldman, MD
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History and Epidemiology of
Legg-Calvé-Perthes Disease — Who is at
Risk and How do We Diagnose it?

Yasmin D. Hailer

History

The aseptic osteonecrosis of the femoral head in children, today called Legg-Calvé-
Perthes disease (LCPD), was described almost simultaneously by three different
authors in 1910 [1-3]. None of the authors, however, had an exact understanding
regarding the underlying etiology of the disease.

Legg described trauma as a possible activator, Calvé thought it was due to an
altered osteogenesis, and Perthes suggested that an inflammatory process could
change the shape of the femoral head’s epiphysis. It wasn’t until 1963 that the name
“Legg-Calvé-Perthes disease” was established through the official medical subject
headings (MESH) of the national Library of Medicine [4]. Prior to this, the condi-
tion had many names, such as arthritis deformans juvenilis, coxa plana, and osteo-
chondritis deformans juvenilis.

Although the etiology of LCPD still remains unknown, clinical and experimental
evidence support the theory that the disruption of the blood supply to the femoral
head is a key pathogenic event associated with the disease’s process [5].

Epidemiology

The annual incidence of LCPD varies between 0.45/100,000 reported among black
children in South Africa [6] and 21/100,000 for children in Liverpool, England [7].
The systematic review of Perry et al. [§] demonstrates that ethnicity plays an impor-
tant role in the occurrence of the disease. The incidence of LCPD in black people is
0.5 case per 100,000 children aged <15 years and rises to 1.7 cases in mixed-raced
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persons, and the highest incidence is found in white persons with about 10.8 cases
per 100,000 children under 15 years. Furthermore, Perry et al. illustrate in the same
review a correlation between the incidence of LCPD and latitude, with the disease
being more common in northern countries. The possibility of detection bias playing
arole in this analysis cannot be ignored, as the study compared northern Europe and
the United States — both with well-established health systems — with poorer coun-
tries closer to the equator. However, the suspicion of detection bias is weakened by
the study of Joseph et al. [9] showing a similar incidence of LCPD in a population
of schoolchildren and a population of children diagnosed within the health-care
system in the same region [8].

Many studies reveal an impact of socioeconomic status on the incidence of
LCPD, with higher incidence in urban environments with greater socioeconomic
deprivation [10-12]. Most studies on socioeconomic differences come from the
United Kingdom and Ireland, however, a fact which might reduce their external
validity. Studies focusing on passive or maternal smoking [13, 14] could not con-
firm an association with socioeconomic conditions.

Boys are affected four times as often as girls, and in 8—24% of patients, the dis-
ease is bilateral [15, 16]. LCPD is usually diagnosed among children younger than
15 years of age, with a peak of onset between 5 and 8 years of age [17].

Risk Factors and Prediction

A compromised blood supply to the epiphysis of the femoral head seems to be the
underlying pathomechanism of LCPD, but the cause of the disturbed blood flow
is still unknown. Earlier studies report thromboembolic events due to coagulation
abnormalities. Factor V Leiden mutations [18, 19] and decreased levels of protein
C and S [20, 21] have been reported for patients with LCPD (illustrated in
Fig. 1.1), but the findings are inconsistent [22]. Perry et al. [23] found a reduced
diameter and reduced blood flow of the brachial artery in patients with LCPD
compared to an age- and gender-matched control group. Hailer et al. [24] con-
ducted a register-based study and found that patients with LCPD have a higher
risk for cardiovascular diseases in a life period. The fact that LCPD can be induced
experimentally through hypertension in spontaneous hypertensive rats [25] makes
vascular involvement plausible. To the best of our knowledge, no study investigat-
ing blood pressure in children and its association with LCPD has been published,
but hypertension is a highly underdiagnosed disease in children [26] and could
play an additional role in the pathogenesis of LCPD [27]. Maternal and passive
smoking during pregnancy has been implicated in the pathogenesis of atheroscle-
rosis [28, 29], hypertension among children [30], and LCPD [31]. The nicotine
could provoke oxidative stress in the offspring, which could affect not only vascu-
lar formation but also growth, and could also have neurotoxic effects by disrupt-
ing neurodevelopment. Patients with LCPD were found to have had lower birth
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Fig. 1.1 Clotting cascade and its possible associations with LCPD

weights [32] or were shorter at birth [17] and had decreased skeletal maturation at
time of diagnosis [33, 34].

Catterall developed the concept of the “susceptible child” for LCPD. He defined
this as “primarily boys between ages five and nine years who are smaller than their
friends and first-degree relatives and have delayed bone age. In all other aspects
healthy, and very active children; many of them are hyperactive” [35]. Hyperactivity
in children is hard to quantify, though in children with ADHD a hyperactive behav-
ior pattern is well described [36]. More recent publications confirm an association
between LCPD and both ADHD and high levels of physical activity [37].

An interesting issue is the pathway of insulin-like growth factor in the discussion
of LCPD. Neidel et al. [38] and Matsumoto et al. [39] found lower levels of circulat-
ing IGF-1 in patients at the onset of LCPD which normalized within 2 years during
the course of the disease. IGF-1 plays an important role in the growth of many tis-
sues during childhood and could explain the delayed skeletal maturation, hyperac-
tive behavior [5], and possibly also vascular abnormalities seen in patients with
LCPD. That said, other pathways could also have a similar impact on both angio-
genesis and neurodevelopment in patients with LCPD.

In summary, it seems that on the basis of a possible systemic vascular fragility,
hyperactivity might trigger or catalyze LCPD in the epiphysis of the femoral head
[27]. The higher risk for LCPD patients to have other osteonecroses develop,
strenghthens this hyposthesis further [40].



4 Y. D. Hailer

What Makes it Worse?

To determine the final outcome, Stulberg [41] stated that the congruency of the
femoral head in relation to the acetabulum at skeletal maturity is important for esti-
mating the risk for osteoarthritis in a patient’s hip before the age of 50 years. LCPD
is usually diagnosed among children younger than 15 years of age with a peak of
onset being between 5 and 8 years [17, 42]. The prognosis of LCPD is determined
by the age at time of disease onset, with a more favorable outcome in younger
patients. Wiig et al. [43] found in a register-based study that children below the age
of 6 years at onset had a good outcome regardless of treatment, while Herring et al.
[44] found the cutoff to be 8 years or younger. In addition to the age at onset, the
extent of the necrosis seems to have a prognostic value. There are several radiologi-
cal classifications of the disease [45], Catterall [46], Salter-Thompson [47], and
Lateral Pillar [48] all of which are used to indicate the extent of the necrosis of the
femoral head and its correlation to the prognosis. According to Nakamura et al., a
decrease in range of abduction is associated with a poorer prognosis despite a young
age at onset [49].

LCPD is more common in males than in females, but females have a less favor-
able prognosis [16, 45]. The poorer prognosis of LCPD in females could be because
females reach puberty and skeletal maturity earlier than males, thus giving the fem-
oral head less time for remodeling.

Even though it has been stated that children with bilateral disease have a worse
prognosis [50], Wiig et al. found that this is only the case if the onset is sequential.
Those with concurrent bilateral onset have similar outcomes as children with unilat-
eral manifestation [51].

Symptoms and Clinical and Radiological Examination

The clinical symptoms of LCPD are variable and can be subtle, especially in its
early stages. The child often presents with intermittent limping and pain in the
groin, thigh, or knee. All symptoms can occur individually or appear in combina-
tion, which at times makes the diagnosis difficult to differentiate from knee patholo-
gies or other hip pathologies such as transient synovitis (also known as coxitis
simplex). Slight limping or difficulty jumping on one leg may reveal weakness of
the hip muscles. This and reduced range of motion in the hip are some of the typical
signs which should lead to suspicion of LCPD. The clinical examination often
shows a reduced range of motion of the hip joint, especially in abduction and exter-
nal rotation. The “figure of 4, or FABER’s test (Fig. 1.2), is often positive in the
affected hip; however, it can be subtle. In more advanced stages, a positive
Trendelenburg’s sign indicates a weakness of the abductor muscles.

Ultrasound examination can detect joint effusion in early stages, and blood tests
such as acute-phase protein (c-reactive protein) and erythrocyte sedimentation rate
(ESR) can rule out infection as a differential diagnosis. Having the diagnosis of
LCPD in mind, pelvic X-rays in anterior/posterior and frog-lateral views should be
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the next step. Radiographic findings are often normal in the early stage of the dis-
ease. If the suspicion of LCPD cannot be confirmed on X-ray, it is still important to
inform the parents about the possibility of a LCPD diagnosis, and if the symptoms
persist or reappear, the radiographic exam should be repeated.

It is not until 2-3 months after the onset of symptoms that the subtle findings
typical for LCPD appear on radiographs: the epiphysis is sclerotic with increased
density. Further, the inferomedial joint space can be widened (Fig. 1.3), and in
about 25% of cases, a subchondral fracture line is visible (Fig. 1.4).
Radiographically, LCPD progresses through four stages: condensation,
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Fig. 1.4 Subchondral
fracture line in LCPD
(dx: right hip)

subchondral fracture line

fragmentation, repairing, and healing [52]. Joseph et al. modified this categoriza-
tion in a more detailed classification [53] in order to identify the optimal timing
for possible containment surgery. To determine the prognosis of LCPD, Herring
et al. suggest focusing on the lateral aspect of the epiphysis in the fragmentation
stage of the disease [48].

Magnetic resonance imaging (MRI) is an option in cases with strong suspicion
of LCPD. MRI makes the diagnosis obvious, even in early stages when X-rays fail
to show the typical changes of the femoral head [54], and is considered to be supe-
rior to bone scintigraphy [55]. Kim et al. recommend gadolinium-enhanced MRI
with a subtraction technique in order to detect early ischemia and provide informa-
tion about the blood flow in the epiphysis of the femoral head [56]. The advantage
of this technique compared to non-contrast MRI is that it allows one to determine
the full extent of the osteonecrosis of the epiphysis and by this the involvement of
the lateral pillar before the collapse. This method may also be utilized to predict the
amount of collapse based upon the pattern of ischemia [57].

Arthrography of the hip has been recommended as a decision-making tool for
containment surgery. While it can contribute useful information, the need for
arthrography in LCPD is controversial, and decisions on its use come down to the
surgeon preference [58—60].

In patients with confirmed LCPD, a complete blood count will reveal possible
other causes of a necrosis of the femoral head such as leukemia or sickle cell
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anemia. In patients with a family history of LCPD or clotting disorders, further
blood exams are recommended in order to detect a possible factor V Leiden muta-
tion, prothrombin G20210A mutation, or elevated levels of factor VIII [61].
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of Legg-Calvé-Perthes Disease and Its
Relevance

Joshua E. Hyman, Katherine Rosenwasser, and Evan Trupia

Legg-Calvé-Perthes disease (LCPD) remains controversial regarding treatment and
outcome. In order to bring uniformity to the discussion of management of LCPD,
researchers and clinicians must be able to reliably stratify LCPD patients by disease
severity and stage at presentation. The intervention offered and ultimately the treat-
ment outcome may be impacted by the disease stage and severity. It is essential to
control for these confounding variables by grouping patients accurately and pre-
cisely, regardless of observer.

Classification systems are used throughout the field of orthopedic surgery for a
multitude of reasons. The goals of a useful system include accurate and thoughtful
characterization of a problem, a suggestion of prognosis and/or natural history of a
problem, and, ideally, information regarding potential treatment options. Aside
from these overarching goals, successful classification systems also must be repro-
ducible, reliable, and validated [1]. To date, classification systems of LCPD serve to
describe the stage of the disease (Waldenstrom and Elizabethtown) and prognosti-
cate (lateral pillar and Salter-Thompson) or define the outcome (Stulberg). Assisting
these classifications and likely altering them in the future will be a scintigraphic
classification [2] and more recently an MRI classification [3]. Neither has been used
routinely as a stand-alone classification.
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In the case of LCPD, previously validated classification systems have focused
primarily on disease severity [4]. These have included the Catterall, Herring, and
Salter-Thompson systems, which have the ability to prognosticate outcomes and
relate their importance to treatment.

Catterall Classification

Catterall proposed a four-group system based on the degree of epiphyseal involve-
ment. It was the first of its kind to highlight the relationship between the extent of
head involvement and outcomes [5]. Catterall group I represents involvement of the
anterior head (no more than 25%) only, with neither sequestrum nor epiphyseal col-
lapse. Group II also involves the anterior head (up to 50%) but also includes a
sequestrum. In group III, up to 75% of the head is involved, mainly sparing sections
of the epiphysis lying medial and lateral to the central segment [6], and in group IV,
100% of the head is affected. The system is applied during the fragmentation stage
when there is clear demarcation of the necrotic segment of bone from the remaining
viable femoral head [7]. Groups I and II in his series were deemed to be benign,
needing little treatment, while groups III and IV may benefit from containment
treatment (Fig. 2.1).

Group Il Group IV

Fig. 2.1 The Catterall classification. (From Skaggs and Tolo [1]. Reprinted with permission)
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Additionally, the Catterall classification describes radiographically identifi-
able “head-at-risk” signs that may be associated with poor outcomes. These are
the radiolucent “v” in the lateral portion of the epiphysis, calcification lateral to
the epiphysis, lateral subluxation of the femoral head, and a horizontal phy-
sis [6, 8].

Initial studies by Hardcastle et al. found the Catterall system to have poor reliabil-
ity, but reliability improved once groups II and III were combined [6]. Though multi-
ple studies have noted moderate to substantial interobserver and intraobserver
reliability [4, 9—16], criticism remains as to whether or not this system can be widely
applied successfully. A more recent analysis attempted to determine intra- and interob-
server reliability of Catterall as compared to Herring, Salter-Thompson, and Stulberg
and showed that this system may have applications in evaluating radiographs taken
prior to treatment but loses utility when implemented postoperatively [17].

Herring (Lateral Pillar) Classification

The lateral pillar or Herring classification system groups patients according to the
height of the capital femoral epiphysis at the early stages of fragmentation and has
been shown to provide prognostic information regarding final femoral head spheric-
ity [18]. The classification was originally described as a three-category system with
group A demonstrating no involvement of the lateral pillar, group B with greater
than 50% of lateral pillar height maintained, and group C with less than 50% of
height maintained [18]. It was later modified to include a fourth group, the “B/C
border” which includes femoral heads with a poorly ossified lateral pillar or those
with exactly 50% height loss [6] (Fig. 2.2).

A study by Herring et al. found near-perfect agreement among 6 pediatric ortho-
pedists’ classification of 20 sets of radiographs [6], which represents an improve-
ment over the reliability of the Catterall system. However, as this classification relies
upon the fragmentation stage of LCPD in the same manner as the Catterall, the lat-
eral pillar system has limitations for the early-presenting patient. In addition, sur-
geons must also be aware that up to 1/3 of patients will change categories over time.
Because of this, the patient must undergo a “wait and classify” approach until radio-
graphs stabilize prior to treatment decisions being made. This is of particular impor-
tance to the older patient, for whom there is higher risk for poor outcomes [19].
Another limitation of this classification is that it may not be applicable to children
over age 12 as the remodeling stage will not occur, thus leading to asphericity of the
femoral head and poor outcomes [19]. A recent study by Rampal et al. showed, how-
ever, that from a radiological perspective Herring’s classification has high prognostic
value and good reproducibility, despite these limitations, and may be considered use-
ful in determining a head “at-risk,” which correlates well with outcome [20].

Thus, applications of the Herring lateral pillar classification are best kept to
patients under age 12 during the fragmentation stage of disease and may serve to be
a valid tool in identifying surgical candidates.
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Fig. 2.2 (a—e) The drawings show a pediatric hip, identifying the three Herring pillars and the
height of each Herring class hip. (a) The three pillars in the Herring lateral pillar classification are:
L =lateral pillar; C = central pillar; and M = medial pillar. (b) In Herring Group A, 100% of lateral
pillar height is maintained. (¢) In Herring Group B, greater than 50% of the lateral pillar height is
maintained. (d) In this example of Herring Group B/C border, the tall and narrow type is shown
with slightly more than 50% of the lateral pillar height maintained on a narrow base. (e) In Herring
Group C, less than 50% of the lateral pillar height is maintained. (From Kollitz and Gee [7].
Reprinted with permission)

Conway in 1993 described a scintigraphic classification attempting to determine
whether one can predict by a bone scan early in the disease if there will be lateral
pillar collapse [2]. While this showed promise in the published paper, it has not been
widely used as prognostic tool for treatment. Kim in 2014 described using perfusion
MRI early in the disease to predict the lateral pillar classification [3]. This too will
need validation before being widely accepted as a new classification.
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Fig. 2.3 The Salter-Thompson classification. (From Mahadeva et al. [22]. Reprinted with
permission)

Salter-Thompson Classification

Based on an experimental model of LCPD in young pigs, the Salter-Thompson clas-
sification is a two-group system based on the extent of a radiographic crescent sign,
or subchondral fracture [21]. It posits that the fracture initiates a resorptive stage
and may indicate the timing of clinical onset of disease. In group A, less than half
of the femoral head is involved, and in group B, more than half is involved. In their
series of 1057 children (1264 hips), 376 hips were identified that included this sub-
chondral fracture, all of which correlated with subsequent extent of femoral head
resorption [21]. While this sign is usually present in the early stage of fragmenta-
tion, the utility of this classification system is restricted in that many patients do not
possess a fracture at the time of presentation and the time course of radiographic
changes in patients that do show this sign is relatively brief [6] (Fig. 2.3).

The utilization of this system lies in early detection of clinically symptomatic
disease. Despite this, there are significant limitations to both its practical use and its
performance in follow-up radiographic studies of this patient population. As the sub-
chondral fracture line exists only in early presentation, this classification is unable to
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identify or guide treatment for latecomers. Additionally, studies that attempt to vali-
date this system have difficulty when comparing series of radiographs from the same
patient, as the fracture line is no longer identifiable during follow-up [22]. Studies of
both the Herring and Salter-Thompson classifications have found interobserver and
intraobserver reliability ranging from moderate to substantial [4, 9, 10, 12-14, 23,
24]. Reliability was notably better in initial radiographic comparisons, but in a sec-
ond set of images, it was noted that genuine comparisons could not be made [22].

Stulberg Classification

The Stulberg classification system, first described in 1981, sought to categorize the
final hip configuration in patients with LCPD in a descriptive manner. Class I and II
hips retain a spherical femoral head shape, class III began to see a shift towards an
ovoid shape, and class IV and V hips demonstrate a flat shape. In Stulberg’s original
paper, he was able to correlate these shapes at skeletal maturity with characteristic
clinical course during the active phase of the disease. Herring et al. further elucidated
these class descriptions in defining a class II head as round and fitting within 2 mm of
a circle on AP and frog-leg lateral x-rays, class III as out of round by more than 2 mm
on either view, and class IV as showing at least 1 cm of flattening over the weight-
bearing surface [6]. Class I and II hips show spherical congruency and are generally
not at great risk of arthritis development, class III and I'V hips show aspherical congru-
ency and may develop mild to moderate arthritis in adulthood, and class V hips show
aspherical incongruency, with the highest risk of early-onset arthritis [25].

The utility of this system lies in its potential ability to predict the onset of degen-
erative joint disease. The potential insight into the long-term prognosis of these
patients is something that was lacking in other available classification systems for
LCPD [26]. Early reports by Herring were able to show high inter- and intraobserver
reliability with this classification system [6], though Neyt et al. called the quality of
these analyses into question. In their 1999 study, they found that Stulberg’s system
lacked reliability and continued to show marked interobserver variability [26].

In its ability to predict outcomes and rate residual deformity, the Stulberg system
remains a gold standard in the classification of LCPD. However useful it may be, a
main limitation of this system is that it has no role in determining the stage of dis-
ease and thus dictating treatment decision-making algorithms. As it is widely known
that staging and timing of intervention with respect to disease progression has an
impact on ultimate functional outcome, it remains an imperfect system.

Waldenstrom and Modified Waldenstrom
(Elizabethtown) Classification

The Waldenstrom classification is a staging classification for LCPD [27]. In his
original paper, Waldenstrom noted that the femoral epiphysis produces characteris-
tic radiographic changes as the disease progresses and classified these changes into
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four temporal stages: osteonecrosis, fragmentation, reossification, and healed [28].
To more clearly describe the various changes in the femur and acetabulum and
increase clinical utility, Joseph et al. further modified the first three stages of the
Waldenstrom classification (modified Waldenstrom or Elizabethtown) into early
(A) and late (B) [29]. A preliminary study among three surgeons at their center
found substantial interobserver and intraobserver reliability [29].

After their review of the natural history of LCPD showed that the amount of
femoral head deformity and epiphyseal extrusion is demonstrably greater during
later versus early stages of fragmentation, Joseph et al. published several retrospec-
tive studies showing that children who were treated surgically during early frag-
mentation had a greater chance of retaining femoral head sphericity versus children
operated on during later stages [30, 31]. With early evidence confirming that dif-
ferentiating between early and late stages of fragmentation is clinically important,
Joseph et al. advocated the use of the modified Waldenstrom system to guide treat-
ment decision-making.

The modified Waldenstrom system consists of seven stages. Stage IA demonstrates
a mostly or entire sclerotic epiphysis without loss of height. Stage IB demonstrates
similar sclerosis but with the addition of epiphyseal height loss without fragmenta-
tion. Stage IIA shows early fragmentation with one or two fissures visible on the AP
or frog-leg lateral x-ray. Stage IIB demonstrates advanced fragmentation with no bone
present lateral to the epiphysis. Stage IITA begins to show new bone formation lateral
to the site of fragmentation. Stage IIIB represents increased bone formation covering
one third of the width of the epiphysis, and stage IV demonstrates complete healing
without radiographic evidence of avascular bone [32] (Fig. 2.4).

To confirm the modified Waldenstrom system’s broader applicability and fur-
ther establish the classification as an important clinical and research tool, Hyman
et al. were able to demonstrate substantial to near-perfect agreement between 20
surgeons from 4 countries across North America and Europe, with a wide range of
experience and training, assessing 80 pairs of radiographs encompassing the full
range of disease [32]. In this study, weighted kappa, which takes into account the
relative distance between two observations, was used to reflect the importance of
surgeons’ ability to differentiate between very early and very late stages of dis-
ease. Nonetheless, it also remains critical for surgeons to demonstrate an ability
to distinguish between stages IIA and IIB (early and late fragmentation, respec-
tively), as there are relevant clinical implications. To that end, interobserver and
intraobserver agreement remained substantial after reorganizing surgeon responses
into two groups: early (stage IIA or lower) and late (stage IIB or higher)
LCPD. This is a significant conclusion, as previous research by Joseph et al. has
shown that final femoral head sphericity is improved if surgery occurs prior to the
late stage of fragmentation (IIB) [31]. To provide higher level of evidence sup-
porting this hypothesis, the International Perthes Study Group (IPSG) is currently
enrolling patients in prospective studies using the modified Waldenstrom classifi-
cation as a reliable clinical and research instrument. It is also expected that these
studies will provide information regarding the utility of the full, seven-stage
classification.
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Fig. 2.4 The modified Waldenstrom (Elizabethtown) classification. (From Hyman et al. [8].

Reprinted with permission)
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Treatment of Legg-Calvé-Perthes 3
Disease by Maintaining Abduction

to Allow Dynamic Hip Modeling Through
Range-of-Motion Therapy

Perry Schoenecker and Jonathan Schoenecker

Rationale

Legg-Calvé-Perthes disease (LCPD) is an ailment of skeletal immaturity, which
manifests as idiopathic necrosis of the proximal femoral epiphysis, physis, and, in
severe cases, the metaphysis. The segregation of the epiphyseal vasculature from
the metaphyseal vasculature of the proximal femur during development and the
relatively marginal epiphyseal vasculature make the epiphysis uniquely susceptible
to osteonecrosis [1]. The disease follows a protracted course, which is readily
observed by plain radiography stages -1V, and is characterized by sclerosis, frag-
mentation, reossification, and remodeling, respectively (Fig. 3.1a—d) [2, 3].

The relatively benign course of the disease in children younger than 6 years sug-
gests that the age of the patient is one of the most important factors in disease sever-
ity. In older children, disease severity is initially correlated with the extent of
proximal femoral involvement, but outcome is ultimately associated with the resul-
tant geometry and condition of the articular cartilage of the hip [4, 5]. Although
healing occurs in many patients with little or no permanent change in the morphol-
ogy of the femoral head and acetabulum, long-term studies have shown that a sub-
stantial change develops in approximately 50% of patients, which leads to premature
degenerative joint disease and disability [6]. Loss of containment and the develop-
ment of a physeal bar contribute to poor hip geometry. Femoroacetabular impinge-
ment/subluxation and the extent of revascularization of the epiphysis are among the
factors that influence the health of the articular cartilage. Late LCPD, especially in
the setting of a physeal bar, characteristically includes coxa magna, a short femoral
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Fig. 3.1 (a—-d) Anterior-posterior radiographs of a patient treated for acute LCPD of the left hip
showing sclerotic stage I (a), fragmentation stage II (b), reossification stage III (¢), and remodeling
stage IV (d). (e) Comparative anterior-posterior views of the hip; note progression from stage I (a)
(contained located with Shenton’s line intact) to stage II (b) (uncontained, subluxated with
Shenton’s line broken). (f, g) (Fluoro spots from intraoperative arthrogram): The femoral head
surface is relatively aspherical (f abducted anterior-posterior). There is no focal surface deformity.
The femoral head moves from a laterally subluxated position to a more medially reduced (g neutral
anterior-posterior) and contained location
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Fig. 3.1 (continued)

neck, and a high-riding greater trochanter with variable acetabular dysplasia [3, 7].
These deformities may cause impingement between the anterior head-neck junction
and the anterior aspect of the acetabular rim and external impingement of the pos-
terosuperior greater trochanter and ischium. In severe LCPD, secondary acetabular
dysplasia may also include paradoxic joint instability transposed on femoroacetabu-
lar impingement. These geometric deformities instigate degradation of the chondro-
labral junction and articular cartilage. Hip preservation surgeries are capable of
addressing some, but not all, of these late deformities to achieve impingement-free
and stable, normal hip range of motion in an effort to delay the development of
osteoarthritis. Therefore, the optimal treatment is to minimize geometric deformity
of the proximal femur and acetabulum and promote complete revascularization
while avoiding the development of a physeal bar during acute LCPD (stages I and
I, Fig. 3.1a, b) [3, 7].

Because no current therapies exist that alter the extent of revascularization of the
epiphysis or the development of a physeal bar, containment is the only factor associ-
ated with outcome that is treatable. Initially, containment is attained by any combi-
nation of range-of-motion therapy, bracing, activity modification, and
anti-inflammatory drugs. Surgical management is considered if containment cannot
be maintained by nonsurgical methods. Proposed surgical containment methods
range from adductor tenotomy and abduction casting to femoral and pelvic osteoto-
mies. When considering methods of containment, the unique biology of LCPD
healing must be considered. Importantly, and unique to the occurrence of osteone-
crosis of the proximal femur in patients younger than 10, during fragmentation
stage II, there are both bone resorption and metaplastic development of a neocarti-
lage anlage, in both the proximal femur and often also the acetabulum (Fig. 3.1b)
[8—10]. Due to its plasticity, this cartilage anlage ultimately determines the fate of
the hip geometry. During revascularization/ossification, stage IlI (Fig. 3.1c), the
cartilaginous anlage also serves to promote subsequent revascularization and ossifi-
cation [3]. Considering the unique biology of LCPD healing, especially the
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plasticity of the hip during stage II, the principal theory of LCPD treatment is to
utilize hip motion to maintain and promote femoroacetabular congruency.

The goal of initial intervention, ideally during stage I, is to aggressively achieve
and maintain containment to permit maximal range of motion (ROM) of the hip.
Given that these patients most commonly develop an adduction contracture (inabil-
ity to fully abduct the hip), therapy is directed toward resolving this contracture.
Subsequently, initiating in stage II and carrying on through stage III, the patient
undergoes dynamic hip modeling through full ROM therapy. Thus, optimal treat-
ment of LCPD requires two phases of treatment: containment and ROM hip model-
ing. The authors maintain that, regardless of the method of containment, continued
dynamic modeling of hip cartilage through ROM therapy during stage II is the sin-
gle most important variable in maximizing the geometric relationship of the femoral
head and acetabulum.

Containment is readily achieved through stretching, bracing/casting, and adduc-
tor tenotomy. This comprehensive non-osteotomy approach involves serial evalua-
tion and intervention depending on severity of contractures [11]. The objective of
maintaining hip abduction motion is to prevent femoral head extrusion lateral to the
rim of the acetabulum and the potential for the associated occurrence of problematic
hinge abduction (Figs. 3.1g, 3.9¢, d, and 3.10c, d) [13]. Although, like all therapies
proposed in LCPD, outcomes of this approach are optimal if performed prior to
cartilage deformity occurs during stage II. An additional advantage of this protocol
is that it offers clinical improvement even if applied during stages II and III. This
treatment strategy provides dynamic protection from potential anterior/lateral fem-
oral head deformation, and enables sustained satisfactory hip joint motion.
Continued femoral head and acetabular growth potentiates congruent remodeling of
both the capital femoral epiphysis and acetabulum.

Indication

The natural history of LCPD is the inherent protracted course, and need for treat-
ment of the involved hip to minimize deformity is discussed in detail with the fam-
ily. Above all else, the importance of obtaining and maintaining satisfactory hip
abduction motion is emphasized. Decision-making regarding the initiation of, alter-
ing, and ending treatment is based on the patient’s passive adduction contracture
(loss of hip abduction) of the involved hip. Hip abduction is assessed with one hand
fixed on both anterior superior iliac spines and second passively abducting the
involved lower extremity. The end point of functional hip passive abduction is deter-
mined when the examiner feels the pelvis being tilted into abduction. Comparison
of the involved to the inherent abduction ROM of the uninvolved hip will help in
appreciating the restriction of passive abduction of the involved hip (typically
10-15 ° abduction on the involved compared to 35-40 ° on the uninvolved hip).
Considering the notable changes that occur in abduction during the protracted
course of LCPD, parents and physical therapists play an important role in serial
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examination of the patient and therefore must also learn how to assess passive hip
abduction.

For patients presenting with passive hip abduction >30 ° (adduction contracture
of <10 °), home/physical therapy treatment regimen is initiated. The parents and
physical therapist are instructed in the technique to maintain/improve passive hip
abduction. If in the 4-6-week follow-up exam, >30 ° passive hip abduction is main-
tained (adduction contracture <10 ©), similar care is continued with serial evalua-
tion, monitoring both the clinical course and radiological progression of LCPD to
stage II every 2-3 months. For patients whose passive hip abduction is maintained
>30 °, continued follow-up is necessary until stage III (reossification).

More typically, patients with acute LCPD initially present with passive hip
abduction of <30 (an adduction contracture of >10 °). Treatment to restore abduc-
tion is initiated. This approach includes exam under anesthesia, adductor tenotomy,
and application of a Petrie cast (see below). Prior to performing the above proce-
dure, the patient is measured for a hip abduction clamshell orthosis to be applied
following the completion of abductor casting (see below).

OR Technique

Following the administration of anesthesia, there typically will be a marked
improvement in passive hip abduction of the involved hip. In contrast, if there is
extensive lateral head deformity with subluxation noted preoperatively on x-ray
and/or MRI, there will be relatively less improvement in the passive abduction
examination in the operating room [11]. Regardless, the degree of abduction to
achieve with the Petrie cast is determined both with a clinical exam and c-arm with
or without an arthrogram. First, abduction is assessed, confirming femoral head
containment occurs within the acetabulum with a static and dynamic fluoroscopic
examination (Fig. 3.2a—c). An arthrogram is beneficial to assure that the abduction
position allows for complete acetabular coverage of the lateral cartilaginous anlage
of the femoral head. This is performed through a medial, or anterior, hip joint injec-
tion, utilizing a 20-gauge, 2.5-inch spinal needle. Despite an often-noted lateral
head deformity, with passive abduction, the femoral head will typically completely
reduce into the acetabulum as visualized with the arthrogram (Figs. 3.1g, h, 3.9¢, d,
and 3.10c, d) [13].

If the patient’s hip abduction is insufficient to easily obtain complete coverage of
the femoral head by the acetabulum, and there is a contracture of the adductor lon-
gus, a tenotomy is performed. The adductor crease is sterilized and isolated with
“square toweling.” The tenotomy is performed through either a percutaneous or
open technique, depending on surgeon preference. The authors prefer a percutane-
ous technique utilizing a less than 1 cm incision over the origin of the adductor
longus. The point of a #15 blade is used to palpate and transect the adductor longus
tendon. Specifically, with the blade aligned in the direction of the tendon, it is
moved slightly laterally until the tip of the blade falls off the edge of the tendon. The
blade is then rotated medially 90 ° directed toward the adductor longus, and the
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Fig. 3.2 (a—c) (Anterior-posterior a and frog-lateral b radiographs): presenting stage I acute
LCPD at time of initial presentation with adduction contracture of >10°; (fluorospot ¢ at time of
initial EUA): satisfactory confirmation the femoral head is reduced in the acetabulum as is often
possible with stage I Perthes without the need for arthrography

tendon is transected with the hip in an abducted position. If passive abduction
motion is notably restricted and the arthrographic study does not show the femoral
head reduction into the acetabulum, (hinge abduction) containment with an adduc-
tor tenotomy and Petrie casting is insufficient [11]. In these rare and difficult cases,
the authors have used alternative surgical approaches to restore femoroacetabular
congruency. These details are beyond the scope of this chapter.

Petrie type hip abduction cast is applied (Fig. 3.3a—d). This cast consists of bilat-
eral cylinder casts fixed distally with two wooden dowels in enough bilateral hip
abduction so as to contain the involved femoral head within the acetabulum [11].
The cylinder casts extend from 2-3 cm above the medial malleolus to the upper
thigh. Stockinette and felt cuffs are applied to assure edge of cast comfort. The cast
is constructed of fiberglass, applied with both knees flexed about 10 ° and supracon-
dylar molding to minimize the tendency for the casts to slide distally (Fig. 3.3a).
After the casts have set up, the extremities are abducted to the degree determined
which contains the involved hip (Fig. 3.3b). The casts are temporarily secured in
this position by taping a wooden dowel to the casts close to the ankles. The c-arm is
used to confirm containment has been achieved of the involved hip (Fig. 3.3c).
Having documented satisfactory hip positioning, two wooden dowels are secured,
one posteriorly and one anteriorly with fiberglass to the cylinder casts just above the
malleoli (Fig. 3.3d). Patients are instructed how to stand for transfer (with crutches)
and typically discharged on the day of cast application. Most patients return to
school in a few days after cast application using a wheelchair to facilitate moving
about in school.
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Fig. 3.3 (a—d) (Modified Petrie cast fabrication)

Abduction/Range-of-Motion Care

The cast is removed at 5 weeks, and the previously measured custom hip abduction
“A-frame” orthosis is applied (Fig. 3.4a, b). That containment of the involved hip is
achieved is assessed by an anterior-posterior pelvic x-ray (Fig. 3.4c). The A-frame
is constructed so that if necessary abduction and adduction can be adjusted. Most
importantly, the parents are re-instructed by the treating surgeon on adductor
stretching exercise protocol (Fig. 3.5a). It will be relatively easier to obtain and
maintain satisfactory hip abduction with less severe radiographic deformities than
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Fig.3.4 (a—c) The cast is removed at 5 weeks and a custom pre-fabricated A-frame orthosis (a) is
applied. The orthosis consists of two polymer clamshell type cylinders attached firmly to an adduc-
tion/abduction adjustable stainless steel (1/8” by 5/8”) A-type frame. Following the initial A-frame
fitting (b), an anterior-posterior pelvic radiograph (c) is taken to assure there is adequate contain-
ment of the involved femoral head. If not, the brace frame is adjusted

hips with more severe lateral head deformities. Instructions are given on standing
for transfers, weight bearing as desired with crutches when in the A-frame. Again,
most patients prefer using a wheelchair at school. The family/patient is instructed
on the initial brace protocol, 18 hours in and 6 hours out of orthosis. Patients that are
>6 years of age are mobilized with crutches when out of the brace. When initially
using crutches, patients are instructed on the importance of being non-weight-
bearing on the involved hip. Patients <6 years of age are allowed out of the brace
also for 6 of 24 hours, but because of the predictable lack of compliance with pro-
tected bearing on the involved hip are not given crutches. Patients return for follow-
up examination in 4-5 weeks. The purpose of this exam is to assure that passive hip
abduction is maintained (Fig. 3.5b, c).
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Fig.3.5 (a—c)Parents and care providers, respectively, perform and monitor hip abduction motion
regimen/effectiveness. (d, e) A unique (custom-built) goniometer utilized by parents of an 8-year-
old boy with acute Perthes disease of the left hip. The movable pegs allowed for effective observa-
tion of resolution of the adductor contracture of the left hip
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For patients who maintain passive hip abduction >30 ° (adduction contracture of
<10 °), home/physical therapy treatment regimen is re-emphasized. In addition,
brace time may be decreased as long as passive hip abduction remains >30. When
out of brace, patients are to remain non-weight-bearing on the involved extremity.
These patients are instructed to return to clinic every 2-3 months to reassess the
passive hip abduction and AP and frog radiographs of the involved hip to determine
the Perthes radiological stage. Patients who do not maintain passive hip abduction
>30 ° (adduction contracture of <10 °) are seen more frequently. The parents and
physical therapist are reinstructed on the technique of adductor stretching so as to
improve hip abduction. Brace fit and wearing compliance are reviewed. Again, the
patient and family are instructed on non-weight-bearing on the involved side when
walking with crutches. These patients are followed every 4—6 weeks to assure they
regain passive hip abduction. As soon as they achieve optimal passive hip abduc-
tion, the treatment plan for patients with hip abduction >30 ° (adduction contracture
of <10 °) is followed.

The Problematic Hip

Generally, maintenance of passive hip abduction is more difficult in hips with more
extensively involved radiographic stages I and early II and in older and/or heavier
patients. For these patients who on close follow-up observation do not regain the
passive hip abduction >30 ° (adduction contracture of <10 °) from the first casting,
a repeat EUA and reapplication of the Petrie cast should be performed. The cast
application with anesthesia again assures obtaining satisfactory abduction. If an
adductor tenotomy was not performed when applying the first cast, it typically
would be done at the second abduction cast application. Occasionally hip abduction
>30 ° cannot be achieved with only an adductor tenotomy. In these cases we have
performed a more extensive medial adductor muscle and/or capsular release to
achieve medial head reduction, eliminating problematic hinged abduction. The cast
is removed again at 4-5 weeks and the patient is reassessed. Depending on the pas-
sive hip abduction at that visit, the appropriate protocols described above are fol-
lowed. For the patient who has had more chronic synovitis and is slower to regain
motion, the end goal of sustained improvement in abduction is still typically
achieved, but perhaps 3—4 months later than patients with less problematic synovitis
[see case examples Figs. 3.6, 3.7, 3.8, 3.9, and 3.10].

Duration of Treatment

Once the patient enters stage II, therapy changes to not only maintain hip abduction
but perform complete ROM therapy in all planes of motion of the hip to maximally
model both the femoral head and acetabulum. The family and/or physical therapy
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Fig.3.6 (a—c) (Anterior-posterior a and frog-lateral b radiographs of a 7 + 6-year-old female with
a 4-month history of limping and progressive left hip pain): There is acute LCPD involving the left
femoral capital epiphysis, which is sclerotic (stage Ib) with noted collapse laterally (a) and anteri-
orly (b). The femoral head is subluxated, Shenton’s line broken. The right hip is normal in appear-
ance. There is a 25 © adductor contracture of the left hip. Following adductor tenotomy and Petrie
casting, anterior-posterior left hip radiograph (¢) confirming containment by A-frame orthosis.
Patient was treated with A-frame alternating with crutches and protected weight-bearing on
involved hip and ROM protocol. (d, e) (Anterior-posterior d and frog-lateral e radiographs taken
2 years later): The femoral epiphysis has reossified and is relatively spherical. The femoral head
and acetabulum appear congruent. (f) (Anterior-posterior standing pelvic radiograph at age 17):
Both femoral heads appear spherically normal; there is no residual deformity of the left femoral
neck. This is a spherically congruent Stulberg type I hip
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Fig. 3.7 (a, b) (Anterior-posterior a and frog-lateral b radiographs of a 9-year-old male with
noted limping and right hip stiffness): There is acute Perthes disease involving the right capital
femoral epiphysis in early fragmentation stage. There is a 30 ° right hip adductor contracture. The
patient was treated with adductor tenotomy, abduction casting, and then A-frame orthosis alternat-
ing with crutches and protected weight-bearing on the involved hip and ROM protocol. (c)
(Anterior-posterior standing pelvic radiograph at age 16): The right hip Perthes disease has fully
reossified (healed stage), the femoral head is 0O—1 mm out of round, and the neck slightly widened.
This is a spherically congruent Stulberg type II hip

should perform this daily. If possible, recreational swimming is advocated. As long
as these patients do not lose passive hip abduction, time out of brace may be gradu-
ally increased, again ambulating with crutches and protected weight-bearing when
out of brace. Patients are followed every 2-3 months until they have radiographic
signs of entering stage III (revascularization/ossification). When early stage III
(healing) is present on radiographs, patients resume weight-bearing, and the brace
may be discontinued, again as long as hip abduction motion is maintained. Patients
are allowed to return to physical education at school as progression of stage III heal-
ing is noted on follow-up radiographs. In general, for patients who have not had
difficulties in achieving passive abduction, a relatively fast course of treatment
might be completed in 12—15 months [11]. Typically this would be an example of a
7-year-old patient with a moderate hip deformity (Fig. 3.6a—f). In contrast an
8-9-year-old patient presenting with a more severe deformity may need treatment
for 15—-18 months (Fig. 3.10a—i). Patients with greater deformity to begin with usu-
ally require longer treatment.
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1/4 INCH LIFT ON LEFT

Fig. 3.8 (a, b) (Anterior-posterior pelvis a and frog-lateral b radiographs): There is acute early-
stage II Perthes involving the left hip in an 8-year-old male patient; the right hip is normal. On
exam there is a 30 ° left hip adduction contracture. (¢) (Anterior-posterior fluoro image): The left
femoral head is contained confirming marked improvement in passive left hip motion noted during
the EAU. (d, e): Patient was treated with adductor tenotomy, abduction casting, and then A-frame
bracing alternating with crutches and protective weight-bearing and range-of-motion protocol.
Weight-bearing without crutches was resumed after 6 months of treatment. At follow-up at age 17,
patient has excellent hip function as a sprinter on his high school track team. The Harris hip score
is 100. Anterior-posterior (d) and frog-lateral (e) radiographs show a relatively aspherical but con-
gruent hip joint. The femoral neck is relatively short. This is Stulberg type III hip
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Fig. 3.9 (a, b) (Anterior-posterior pelvic radiographs a and MR images b of a 10-year-old male
with 6-month history of limping and now left hip pain): The left femoral epiphysis in stage II is
severely collapsed and subluxated; the right hip is normal. The MR image confirms the severe left
femoral head deformity and hip joint subluxation. (¢, d) (Arthrographic views taken during exami-
nation under anesthesia following open adductor tenotomy): The relatively aspherical femoral
head is contained within the acetabulum. The lateral edge of cartilaginous femoral head lies lateral
in (c anterior-posterior view in neutral abduction/adduction) and then medial (d, anterior-posterior
view in abduction) to the lateral edge of the cartilaginous acetabulum. There is no femoral head
distortion of the lateral labral chondral complex and/or rose thorn in the abducted position.
Predictably, even for this 10-year-old patient, the femoral head can be physiologically contained
with the adductor tenotomy abduction casting, bracing, protected weight-bearing, and range-of-
motion protocol. (e) (Anterior-posterior radiograph of the left hip post application of Petrie cast):
Note the femoral head is well contained within the acetabulum. (f, g) (Anterior-posterior pelvic
radiograph 9 months after onset of treatment now with patient weight-bearing in the A-frame
orthosis g): The hips are effectively contained; early healing of the left femoral head is present.
(h—i) (Anterior-posterior left hip radiographs and corresponding MRU images 1Yz years after onset
of treatment): Notable pre- and posttreatment reconstitution of the femoral head is seen on both
comparative anterior-posterior radiographs (a, h) and corresponding MR images (b, i). (j)
(Anterior-posterior pelvic radiographic at age 15 + 9): Patient has excellent function of both hips.
On exam there is a 1 cm leg length inequality, left leg being shorter than right. The range of right
hip motion is 0-95 ° (extension-flexion) and abduction 35 °. The range of left hip motion is 0-90 °
(extension-flexion) and abduction 30 °. There is no reported anterior or lateral left impingement
pain when assessing his motion. The left femoral epiphysis is fully healed and remodeled consider-
ably, but aspherical as would be anticipated given the notable femoral head deformity at initial
presentation. The left femoral head is relatively congruent with the remodeled acetabulum. This
acetabulum is now desirably somewhat dysplastic which minimizes the potential for future femo-
ral acetabular impingement. This is an aspherical but congruent hip, Stulberg III
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Fig. 3.9 (continued)

Response to and Outcome of Treating LCPD

The principal theory of optimal LCPD treatment is to utilize dynamic hip motion to
maintain and promote femoroacetabular congruency. This requires containment of
the femoral head in the acetabulum. In our protocol, containment is achieved with
any combination of physical therapy, abduction casting/bracing, and tenotomy.
Treatment is predicated by achieving passive hip abduction (resolution of hip
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Fig. 3.10 (a—e) (Anterior-posterior radiograph a and corresponding MRI b of the pelvis of an
8-year-old male with previous observational treatment of acute Perthes disease of the left hip):
There is stage II Perthes with notable extrusion deformity and subluxation of the femoral head. On
fluoro spots from the intraoperative arthrogram, the femoral head surface is irregular with a lateral
groove on the anterior-posterior distraction view (¢) but containable on the abducted view (d). For
this severe Perthes deformity, our dynamic containment treatment protocol would be the preferred
approach. The adductor tenotomy, abduction casting, and A-frame splinting achieve reduction of
the subluxated femoral head. Combined with ROM therapy, essential global femoral head and
acetabular molding optimal occurs. Given the anticipated premature closure of the proximal femo-
ral physis and relative trochanteric overgrowth, a lateral-based trochanteric apophysiodesis (e) as
suggested by Stevens et al. was also performed at the time of the initial procedure [12]. (f-i):
Favorable reconstitution of the femoral head is seen in follow-up anterior-posterior (f) and frog-
lateral (g) radiographs taken 18 months after the initiation of containment treatment. At maturity
the patient has excellent hip function and plays high school basketball. Harris hip score is 100. On
anterior-posterior (h) and frog-leg lateral (i) views, the femoral head is aspherical with a relatively
short femoral neck, a Stulberg type III outcome (note upsloping at the lateral acetabular rim on the
anterior-posterior view; see text)



3 Treatment of Legg-Calvé-Perthes Disease by Maintaining Abduction to Allow... 37

~

Fig.3.10 (continued)

adductor contracture) which is serially assessed throughout the course of the disease
allowing for alteration of treatment. The parents become effectively involved in
carrying out the essential daily ROM exercise program. They observe improvement
in passive abduction following the initial casting and bracing. Their direct involve-
ment and observed success of ongoing treatment help assure compliance.

Our containment approach optimizes motion which potentiates relatively con-
gruent femoral head/acetabular growth and remodeling. The outcomes at skeletal
maturity have generally been very encouraging. Initially presenting less severe
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deformities, case examples (Figs. 3.6a—e and 3.7a—c) have near normal-appearing
radiographic morphology at maturity, and there is little potential for late-occurring
hip symptomology. In contrast case examples [8—10] all presented to us for treat-
ment with severe, acute LCPD radiographic deformities. Severe deformities are
more challenging. We have learned from our experience with all types of contain-
ment methods that predictably more severe deformities are best managed with our
described comprehensive protocol of initially abduction casting and then bracing,
ROM, and protected weight-bearing. As expected at maturity, there is variably both
femoral neck shortening and high-riding trochanters. Femoral heads are aspherical,
but more importantly the hip joints are relatively congruent. This is particularly so
for Figs. 3.8d, e and 3.9j. A closer look at Fig. 3.10h does show an acetabular irregu-
larity (a subtle lateral upslope). Seemingly, this occurred secondary to modeling of
the acetabulum in response to the pre-existing cleft irregularity in the lateral femoral
head (Fig. 3.10c, d). All three of these patients might in time experience the onset of
problematic hip symptoms secondary to either femoral acetabular impingement or
occasionally acetabular dysplasia that may in the future warrant consideration of
performing joint preservation surgery [14]. For patients presenting with acute
Perthes and severe deformities, we believe that femoral head/acetabular modeling
effected by our treatment protocol which is focused on obtaining maximal ROM has
optimized both current and long-term outcome for these patients.

Summary

Optimal treatment of LCPD requires two phases of treatment; containment and
ROM hip modeling. In stage I our goal of intervention of acute LCPD is to aggres-
sively achieve and maintain passive hip abduction so as to allow for optimal range-
of-motion therapy to occur during the healing process. Beginning daily in stage II
and continuing on through stage III, the patient’s hip undergoes dynamic modeling
through full ROM therapy. The authors maintain that treatment of the ubiquitous hip
adduction contracture and continued dynamic modeling of hip cartilage through
ROM therapy during stage II maximizes the geometric relationship of the femoral
head and acetabulum resulting in favorable outcomes. Our abduction bracing/ROM
treatment approach to acute Perthes potentiates achieving maximal functional hip
motion at maturity for patients. In the process, development of femoral deformities
is minimized, joint modeling and congruency maximized, and outcome optimized.
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Transphyseal Neck-Head Tunnelling

(TNHT)

Nuno Craveiro Lopes

Introduction

The multifactorial origin of Legg-Calvé-Perthes disease (LCPD) is well docu-
mented [1-12]. The same is true for the existence of two or more ischemic episodes
preceding the onset of the disease [2, 5, 12-20].

The first signs on the importance of multiple ischemic episodes were brought up
in experimental research performed on dogs by Freeman [14] and on rabbits by
Sanchis [18] and later by Bencano [21]. They were able to simulate the disease
through repeated, total surgical section of the vascular network to the femoral head.

Vegter [22] using intra-articular injection of serum under pressure on the hip of
a rabbit demonstrated the importance of the repeated fractional necrosis, provoked
by the increase of intra-articular pressure on the onset of the disease, indicating that
the probable cause of the deformity of the head is a reduction of its mechanical
resistance due to superposing new ischemic episodes over a reconstruction process
in progress.

Eyring [6], Soto-Hall [23], Kallio [24], Vegter [25] and Scoenecker [26] demon-
strated that the in vivo positioning of lower limbs in prolonged and repeated medial
rotation and extension is sufficient to increase the joint pressure on the hip and that
it reached values superior to the systolic pressure when there was a simultaneous
intra-articular effusion, even if small.

Mckibbin [11], Inoue [27] and Catterall [2] presented histological studies per-
formed on femoral heads of patients with LCPD. These patients revealed images of
necrosis superposed to zones of bone regeneration of a prior ischemic insult, con-
firming the theory of the repetitive ischemic episodes in the origin of LCPD.

After more than 30 years of experimental and clinical data analysis about the
initial stage of LCPD [15, 28-32], the author verified that these episodes are
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symptomatic. Patients complain of transient pain and limping, and it is possible to
detect those ischemic episodes with imaging techniques.

The same author has also found that those episodes represent an autonomous
disease, which, if some other related factors are present, can evolve to LCPD. The
author named this pre-LCPD situation ischemic disease of the growing hip (IDGH)
[35-39].

The ultrasound has shown to be a valuable tool to evaluate the inflammatory state
of a hip joint and is effective in demonstrating the existence of synovitis as well as
measuring joint effusion and the thickness of the articular cartilage of the femoral
head. Values greater than 6 mm of the anterior joint space and 3 mm of cartilage
thickness are indicative of a joint with subacute or chronic synovitis [33, 52]. If this
happens in the contralateral hip of a patient with LCPD, there is a risk that sooner
or later the disease will develop there. As well, the magnetic resonance imaging is
very specific and can demonstrate detailed marrow changes in the femoral head
damaged by ischemia or bone necrosis [34].

The idea of improving the vascular conditions in the epiphyseal nucleus via the
perforation of the femoral neck-head growth plate is not new. The effect of the sur-
gical perforation of the growth plate has been studied experimentally by several
authors in the past [8, 40-45].

Harris’s research [46], using rabbits, confirmed histologically the penetration of
cancellous bone with vascular structures through the perforations in the growth
plate and a faster bone regeneration in the epiphyseal nucleus after bone necrosis
provoked by surgical vascular section.

Siffert’s research [45] showed histological preparation of femoral hips of rabbits.
He observed the vascular and bone trabecular continuity between the metaphysis
and the epiphysis after the perforation of the growth plate.

These researchers observed also that pinhole perforations did not have any nega-
tive repercussions on growth. No bone bridge appeared due to the closing of the
borders of the growth cartilage, and perforations of small diameter also did not
cause alterations of bone growth, despite the formation of a narrow bone bridge.
However, the perforations of larger diameter caused a significant delay or a com-
plete growth arrest through the formation of a rigid large bone bridge.

Within this context, the reinforcement of the arterial blood flow and of the venous
drainage of the epiphyseal femoral head, independent from the retinacular network,
could constitute a way of avoiding the repetition of ischemic episodes, thus prevent-
ing the onset of LCPD. If done early in the onset of the disease, it may promote a
faster reconstructive process, with a better end result.

The perforation of the femoral neck-head growth plate was first performed by
Ferguson [7], as a treatment for severe Legg-Calvé-Perthes disease in children.
Those cases were done in an advanced fragmentation stage, in cases where the
author had a poor response using traditional treatment methods. The technique of
perforation of the neck-head growth plate had its advocates but was dropped when
latter new techniques, such as femoral containment osteotomies, were developed by
Soeur and De Racker [47] and other authors.
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The growth plate drilling or tunneling is a different procedure than a core decom-
pression, described by Ficat and Arlet [48] in the early treatment of avascular necro-
sis of the femoral head (AVN) in adults and adapted for older children with juvenile
AVN by Price and Herrera-Soto [49]. Core decompression uses a large drill, gener-
ally with 810 mm of diameter to do a tunnel through the growth plate, to remove
the necrotic bone from the femoral head, and bone graft is packed inside. When
performed early, it can relieve pain, though epiphyseal height will not improve and
complications, such as femur fracture, head blowout and growth arrest, may occur
if done in young children.

Pathogenesis of LCPD: An Experimental Animal Model

To clarify the pathogenesis of LCPD, the author developed an animal model utiliz-
ing 27 White New Zealand rabbits, 7-8 weeks old [35, 36, 38]. This growth stage of
the rabbit is equivalent to that of a 5—6-year-old child. This was performed to simu-
late the morphologic, radiological and histological aspects of LCPD. A non-invasive
method was used with flexible splints on the legs of the rabbits in extension and
medial rotation for 6 hours. This promoted an effusion and secondary collapse of
the retinacular vessels [50]. The following day micro-trauma was produced on the
right hip only, using a vibratory motor for a period of 30 seconds. This sequence
was repeated twice a week.

The author observed that the prolonged and repeated positioning of the legs of
the rabbit induced an intra-articular pressure level sufficient to produce an ischemic
episode at the proximal femoral epiphysis. Most of the time, the first positioning
had triggered a joint effusion. After this episode, the author observed a process of
rapid revascularization of the preserved vascular canals with repositioning of
myeloid and osteoid tissues by differentiation of endothelial cells in mesenchymal
progenitor cells, without distortion of the epiphyseal structure or loss of its mechan-
ical resistance. When a new ischemic episode was produced after the completion of
the reparative process, all the sequence was repeated, again without loss of the
mechanical resistance of the epiphysis (Fig. 4.1a). However, the repetition of an
ischemic episode during the reconstruction of a previous episode leads to an altera-
tion of the reparative response, with osteoclastic hyperactivity in the subchondral
zone and formation of a distorted bone structure in the epiphysis by osteoblastic
hyperactivity, which lead to a mechanically weak bone structure, similar to that
described in LCPD as “woven bone”. In these conditions, the existence of trauma or
micro-trauma on the right hip led to the appearance of a subchondral pathological
fracture and collapse of the epiphysis, with necrosis and formation of a true bone
sequestrum on that side only. This represents the initial stage of LCPD (Fig. 4.1b).

Our experimental research on the hips subject to repeated posture in medial rota-
tion and extension showed us that the first signs of ischemia to the epiphyseal
nucleus appeared after repeated positioning on both hips and signs of LCPD only on
the hips subjected to micro-trauma. Those findings which are in accordance with the
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Fig. 4.1 (a) Experimental model 2 weeks — IDGH. Subchondral weakening (a), double-layer
lamellae (b), normal myeloid tissue (c). (b) Experimental model 5 weeks — LCPD. Subchondral
fracture (a), woven bone (b) and fibrous tissue proliferation (c)

other authors seem to confirm that the repeated ischemic events weaken the epiphy-
seal bone structure and that a trauma or micro-trauma is necessary to develop the
subchondral fracture that begins LCPD [54].

The clinical data of the author confirms the repetitive ischemic episode theory,
namely, that there is a period of fractional and sequential ischemic episodes that
induce the epiphyseal fragility, before the onset of Perthes disease. Then if a trauma
or micro-trauma occurs, subchondral fracture and epiphyseal collapse begin LCPD.

The conclusion of this experimental research suggests the existence of a patho-
logic entity, prior to LCPD, characterized by the existence of successive ischemic
events at the level of the femoral proximal epiphysis that in certain circumstances
can develop into LCPD. The author calls this entity ischemic disease of the growing
hip IDGH).

Effect of Transphyseal Neck-Head Tunnelling
Experimental Animal Model

The idea of supplementing the unstable epiphyseal blood flow through the growth
plate is attractive but controversial.

To determine the effects of transphyseal neck-head tunnelling (TNHT) across the
physeal growth plate, namely, the possible reinforcement of the epiphyseal blood
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flow and the repercussion on the growth of the proximal femur, the author has devel-
oped a second experimental study [38, 39] and later established a preventive proto-
col of LCPD based on the early detection of IDGH and its treatment by TNHT.
Forty-four White New Zealand rabbits, aged between 6 and 12 weeks, were
used. Drills from 2 to 3.5 mm in diameter were used along with a specially made
guide, to minimize trauma.
There were four study groups:

e Group I — 44 left hips. Not operated on, used as a control.

e Group II - 30 right hips. Drilling of <10% of the growth plate area. Single drill-
ing with 2 and 2.5 mm drills, using as an entry point the trochanter crossing the
neck-head growth plate through the epiphysis. The perforated area ranged in size
from 6% to 10% of the total growth plate area, depending on the rabbit’s age.

e Group III — 7 right hips. Drilling of >10% of the growth plate area. Single drill-
ing with 3 and 3.5 mm drills, using the same technique. The perforated area
ranged in size from 12% to 20% of the total growth plate area.

e Group IV — 7 right hips. Metaphyseal drilling. Single drilling with 2.5 mm drills
on the metaphyseal area of the trochanter and neck of the femur, without reach-
ing the growth plate.

The author was able to determine that the central perforation of an area less than
10% of the femoral neck-head growth plate area did not hinder growth. This conclu-
sion is based on the direct and the radiological examinations and on the statistical
evaluation of the numerous parameters measured. With the perforation we even
noticed an increased sphericity of the femoral head.

The histological examination of these specimens showed normal growth plate
thickness and organization, except immediately next to the perforated area.

In agreement with other authors [8, 22, 40], it was observed in the histological
specimens that a small calibre perforation created a bone bridge whose tensile
strength is inferior to the mechanical growth forces in the un-perforated portion of
growth plate. This fact permits the progressive elongation of the thin bone bridge,
with a dragging and thinning effect over the growth plate borders in the direction of
the metaphysis. It was observed that the perforation of larger dimensions leads to a
distortion of the proximal femur, such as a shorter neck with a prominent trochanter,
a vertical tilting of the neck-head growth plate and flattening of the epiphyseal
nucleus. These alterations were coupled with a decrease in the thickness of the
growth plate and a marked structural disorganization. The author also noted that the
resulting growth delay and deformity were bigger when the larger perforation was
performed on younger rabbits (younger than 9 weeks of age), corresponding to a
less than 6-7-year-old child [32, 51].

Besides the histological confirmation of the observations performed by other
authors, it was demonstrated in this study that there was an accentuated and constant
increase of small blood vessels in the epiphysis of the head of the femur after perfo-
ration of the growth plate, which was maintained until the end of the bone growth in
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Fig. 4.2 Diaphanization
of a specimen. Drilling at
4 weeks and sacrifice at

8 weeks. Right hip drilled,
left hip control

rabbits (26 weeks). This result was not accomplished when only the metaphyseal
zone was perforated.

This increase in epiphyseal blood circulation was due to the reinforcement of the
vascular network formed through the perforation of the growth plate and not due to
the hemodynamic changes on the retinacular vessels, which had not changed when
compared with the control group.

The conclusion of this experimental research has shown that TNHT induces an
increase of micro-vascularisation on the epiphysis due to the formation of a bone
bridge thought the growth plate, and with vascular structures transversing from the
metaphysis to the epiphysis and creating an anastomosis between the two networks
(Fig. 4.2). It was shown that growth arrest or slowing due to the tunnelling procedure
is a matter of dimension. When less than 10% of the area of the growth plate is drilled,
the resistance of the bone bridge is much less than the growth force of the remaining
growth plate, and growth continues normally. When the drilled area is bigger than
20%, the resistance of the bone bridge is higher than the growth force of the plate and
there is an arrest. In between those two numbers, some slowing of growth occurs.

Surgical Technique of TNHT

The surgical technique for TNHT has been described in previous papers [28, 31,
39]. It is indicated for the treatment of IDGH, preventing the progression to LCPD,
and for the treatment of LCPD at the stage of necrosis or early fragmentation. Using
a 4-5 mm cannulated drill or trephine, a tunnel is drilled aimed to the centre of the
ischemic or necrotic bone. The entry point is located at the lateral proximal metaph-
ysis of the femur (Fig. 4.3), passing through the middle of the growth cartilage and
stopping at the subchondral epiphysis. The patient is placed on a radiolucent table
with the lower limbs draped free, using a C-arm always kept perpendicular to the
operating table. The affected limb is positioned in medial rotation in order to place
the neck of the femur parallel to the ground; a Kirschner wire is used as an aiming
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Fig. 4.3 Procedure for
TNHT with a 5 mm
trephine

AL

Fig. 4.4 Sequence of the procedure. (a) Wire guide positioning. (b) Introduction of the trephine
over the wire guide reaching the subchondral bone. (¢) Image control of the position of the trephine
with flexion-abduction of the lower limb

device placing it over the skin on the anterior aspect of the hip to determine the
proper level of the drilling procedure, as well as the proper entry point of the guide
wire at the lateral side of proximal metaphysis of the femur. A stab wound is created
for the introduction of a 2 mm guide wire; fluoroscopic control is recommended
after about 2 cm of the guide wire has been inserted, using the C-arm on the anterior-
posterior plane with the limb in neutral position, and on the lateral view by flexing
and abducting the hip and flexing the knee at 90° (Fig. 4.4a). On the a-p view, the
guide wire should aim to the transition of the middle and lateral 1/3 of the epiphysis
and on the lateral view to the transition of the middle and anterior 1/3 of the epiphy-
sis. After confirming proper positioning, the guide wire is further inserted and
stopped just below the growth plate.

Then the 4-5 mm cannulated drill is introduced with a hand drill or with a low-
speed pneumatic drill all the way to the subchondral bone of the epiphysis (Fig. 4.4b,
c). If desired, a bone cylinder of the epiphyses can be obtained for research pur-
poses, by replacing the cannulated drill with a trephine of the same diameter, right
before starting drilling through the growth cartilage.
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Fig. 4.5 Abduction-flexion orthosis used after TNHT for Perthes disease

Patients can walk 1 or 2 days after surgery, freely if done as a preventive proce-
dure and using an abduction orthosis (Fig. 4.5) when done for the early treatment of
Perthes disease.

Clinical Use of TNHT in Children with IDGH

As stated before, two or more ischemic episodes are necessary to induce Perthes
disease. After more than 30 years of experimental and clinical data analysis about
the initial stage of LCPD [15, 28-32], the author verified that these episodes are
symptomatic. Patients complain of pain and transient limping, and it is possible to
detect those ischemic episodes with imaging techniques. The same author has also
found that those episodes represent an autonomous disease, which can evolve
to LCPD.

It has been shown experimentally [39] and clinically [55] and confirmed by the
author [28, 31] that the drilling of a tunnel representing less than 10% of the total
area of the growth cartilage, as in TNHT, does not impair nor slow the growing of
the growth plate. The performed tunnelling procedure represents less than 3% of
the area of the growth plate in a child 5 or more years old. It has a wide margin
of safety.
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Fig. 4.6 (a) IDGH stage I. Irregular contour (a), synovitis (b), thickening of cartilage (c). No
actual ischemia (d). (b) IDGH stage II. Irregular contour (a), synovitis and effusion (b), subchon-
dral ischemia (c). (¢) IDGH stage III. Porosis by bone weakening (a), synovitis and effusion (b),
subchondral ischemia (c). (d) LCPD stage I. Dense collapsed bone with subchondral fracture (a),
synovitis and effusion (b), extensive necrosis (c)

A TNHT procedure is applied if probability of evolution to LCPD is detected in
a child 5 years old or more presenting an ischemic episode on the MRI (Fig. 4.6b,
c¢) or a Perthes lesion on the necrotic or early fragmentation stage (Fig. 4.6d).

As a guide to the probability of evolution to LCPD, the authors had developed a
classification of IDGH considering three stages based on the images of the x-rays,
ultrasound and magnetic resonance [56].

Stage I (Fig. 4.6a) represents a hip where one can identify sequela of an old isch-
emic episode; it has a low probability of evolution to LCPD. Stage II (Fig. 4.6b)
shows sequela of an old episode with a new ischemic episode in evolution; it is
considered to have a moderate probability of evolution. Finally, stage III (Fig. 4.6c)
presents signs of a recent episode with a new one in evolution. This situation is
considered to have almost 100% probability to evolve to LCPD.

To identify the ischemic episodes and to detect the cases of IDGH at risk for
evolution to LCPD, the authors have developed a screening protocol [56]. All pae-
diatricians and general doctors of the area of influence of the hospital have been
informed of the protocol and advised to send all children who present with hip,
thigh or knee pain and limping for more than 1 day of evolution to the emer-
gency unit.

From January 1993 to December 1995, before the implementation of the preven-
tion protocol, the authors have observed 123 children, with ages between 3 and
12 years, presenting a painful syndrome of the hip. The authors did a second
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prospective comparative study between January 1996 and December 1998, after the
implementation of the preventing protocol, including 110 children of the same age.
The study protocol included a standard clinical, radiological and laboratorial exami-
nation to detect other diagnoses. Then an ultrasound screening was used to deter-
mine the existence of criteria of probability of IDGH. A second screening was
applied using an MRI on those cases where US revealed signs of probability of
IDGH, to detect an ischemic episode or the necrotic pattern of LCPD. In the case of
a simple ischemic event, it is essential that the MRI examination be done in a tem-
poral window of up to 4 weeks after the onset of the pain and limping episode,
because the reparative process of the arterial and venous circulation within the vas-
cular channels of the epiphysis is rapid and the MR image of subchondral ischemia
disappears in 4 or 5 weeks.

The image data and histological examinations from 19 patients who presented
signs and symptoms compatible with the existence of IDGH with risk of develop-
ment of LCPD and 17 patients with LCPD in the initial stage were analysed. These
patients were treated between 1995 and 2006 with TNHD and had samples for his-
tological examination [56].

The analysis of the image data and histological examinations has shown that
patients in whom IDGH was detected presented histological signals of a recent isch-
emic event on the osteoid and myeloid or recent ischemia over a remodelled anterior
ischemic event (Fig. 4.7a). In all the cases where the bone samples showed profuse
woven bone and total substitution of the myeloid by fibrous tissue, progressed into
LCPD (Fig. 4.7b). Such biopsies were consistent with failure of immediate revascu-
larization, as the vascular canals were collapsed.

On the first period, from January 1993 to December 1995, in 123 children, 32
cases (26%) had a diagnosis, including SCFE (3), septic arthritis (3), rheumatoid
arthritis (3), trauma (2), LCPD (18) and other causes (3). On the remaining 91 cases,
a first US screen has determined the existence of criteria of probability of IDGH in
43 cases. The other 48 cases were diagnosed as transient synovitis or unknown
diagnosis. The second screening made with an MRI on those 43 cases detected an

Fig. 4.7 (a) IDGH stage III. Ischemic event over a reparative process of a recent necrosis (a).
Myeloid tissue begins to be substituted by fibrous tissue (b). (b) LCPD stage I. Woven bone (a),
substitution of myeloid tissue by fibrous tissue (b)
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ischemic episode in evolution in 6 of those patients (5% of all cases) who were
diagnosed as IDGH stage Il in 4 cases and stage III in 2 cases. So, on the first study
period from 1993 to 1995 in 123 children, it detected 18 cases of LCPD and 6 cases
of IDGH on stage II and III. On the second period, from January 1996 to December
1998, including 110 children, the author has diagnosed only five cases of LCPD and
seven cases of ischemic disease stages II and III.

Epidemiological data from the area of influence of our unit, comparing the inci-
dence of LCPD before and after the implementation of the IDGH detection protocol
and LCPD prevention with TNHD, have shown a decrease of LCPD cases from
8.5/100.000 to 1.8/100.000 per year, on the population less than 16 years of age [56].

The current research indicates that the neck-head tunnelling could be essential in
the prevention of Legg-Calvé-Perthes disease (LCPD) if used in the pre-radiological
ischemic stage of the disease, characterized by transient hip pain and limping that
can be detected through a subchondral cold spot on the MRI bone scan [5, 13, 17,
19, 20].

With regard to the contralateral hip, there are many studies demonstrating that it
is not a normal hip. We described a significant number of irregularity, flattening or
dimpling of the epiphyseal surface and smaller size of the epiphyses in the opposite
hip in patients with unilateral disease [53, 67-69].

Although the bilateral disease rate was 17% in a review of all our patients and
other statistics [54-56, 58], the author found in a review from 1992 to 2005 with a
minimum follow-up of 7 years that in patients needing surgery for Perthes disease
in one hip, the opposite hip was affected sooner or later in 32% of them [56].

It is also known that children with sequential onset of bilateral disease had a
worse prognosis in the second affected hip [65, 66]. The increased risk of develop-
ing Perthes disease in the contralateral hip in those with unilateral disease is an
important factor of concern for parents and caregivers because it means an exten-
sion of the need for orthopaedic care for many more years, a less favourable out-
come in the second hip and bilateral disease with worse quality of life 6 during adult
and young adult life.

After 30 years of experience with the TNHT procedure in patients with Perthes
disease and later for prevention in stage II and III symptomatic ischemic disease, the
author initiated its use for prevention of the opposite hip in unilateral disease. The
criteria include the existence of signs of synovitis and thickening of the articular
cartilage on the ultrasound, which correspond to IDGH stage I, in a child of 5 years
of age or older who is proposed for surgical treatment to a hip with evolving Perthes
disease (Fig. 4.8a—¢).

The author has applied TNHD in 96 patients with the diagnosis of IDGH stages
II and III; 55 of them have already reached the end of growth. For prevention of the
contralateral hip in IDGH stage I, the procedure was applied in 28 cases. In both
groups, none of the hips progressed to Perthes disease or showed growth distur-
bance of the proximal femur. No other complications as fractures, infections, etc.
were reported on those cases (Fig. 4.9).
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Fig.4.8 (a)An 8-year-old boy, with a stage Elizabethtown 1b, Herring B lesion in the left hip. (b)
The MRI shows 80% of involvement of the left hip and no actual ischemic event at the opposite
hip, but the ultrasound showed synovial and articular cartilage thickening, signs that it was a patho-
logic hip too. (¢) A bilateral drilling procedure was done to treat the Perthes disease at the left side
and to prevent the evolution of the ischemic disease in the right side. At top, the intra-operative
x-ray intensifier image of the drilling, and at the bottom, the immediate post-operative x-ray
images. (d) X-ray images at 6 months after procedure with reossification of the subchondral zone
and periphery of the lesion, with a mechanically resistant lateral column. The centre of the lesion
is yet in reconstruction. In this stage, it is safe to discard the brace and begin normal life without
impact activities. (e) Patient with 1.5 and 2.5 years of follow-up, at full remodelling with a Stulberg
I result of the Perthes hip and normal growth of the right hip
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Fig.4.9 Evolution of a case of IDGH after TNHD. (a) 10/1989 — 6 years old, IDGH stage III. (b)
11/1989 — 6 years old, 1 month after TNHD. (¢) 9/1993 — 10 years old, 4 years after TNHD. (d)
04/2002 — 19 years old, 13 years after TNHD
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Fig. 4.10 (a) IDGH stage III. 7 months after TNHT. (b) Gadolinium-enhanced MRI. Vascular
anastomosis metaphysis-epiphysis

Control of patency of the anastomosis using an MRI in T1 sequence with gado-
linium confirmed that the anastomosis induced by the tunnelling procedure is a
long-lasting one (Fig. 4.10a, b).

In a control group of 20 patients diagnosed as having ischemic disease, not sub-
jected to the tunnelling procedure, the author found that in 15 cases of stage II, 3
patients developed Perthes disease, a rate of 20%, and in 5 cases of stage III, all
developed Perthes disease (Fig. 4.11a—d).

Clinical Use of TNHT in Children with Early LCPD

Tunnelling can also be useful in the early treatment of the LCPD, in children older
than 5 years. The author’s treatment protocol includes a transphyseal neck-head tun-
nelling of the femoral head, done the earliest possible in initial necrosis or initial
fragmentation stages.

After TNHT, a hip flexion-abduction orthosis is used to protect the hip joint and
lower the activity of the child.

The author’s experience with TNHT on LCPD from 1971 to 2010 includes 138
cases. Of these cases, only 26 cases (17%) required contention surgery for collapsed
hinge hips. At the beginning of our series, 13 patients underwent a femoral osteot-
omy. Later on, pelvic osteotomies were done in 3 cases, and on the latest period,
ranging from 2000 to 2010, 10 cases of arthrodiastasis with a modified Ilizarov
frame were performed [28, 30, 31, 56, 57, 59].
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Fig.4.11 (a) 04/1995 — IDGH stage III at right hip x-ray showing epiphyseal porosis and a wider
medial space. (b) 04/1995 — MR image in T1W with low intensity subchondral ischemia signal. (c)
10/1995 — Lost from follow-up. 6 months later — LCPD stage 1. (d) 10/1995 — LCPD stage
I. Extensive necrosis

Fig. 4.12 (a) An 8-year-old boy, with a left Perthes disease, Herring B/C, treated with an early
drilling procedure done in the necrotic stage. (b) At 10 years of follow-up, when he was 18 years
old, he had a very good result with a Stulberg II hip

The author noted that the tunnelling procedure induces an acceleration of the
natural history of the disease (Fig. 4.12a, b), shortening the time until the stage of
reconstruction in 1/3 or half the time usually seen and increasing the arterial blood
supply and venous drainage of the epiphysis, improving the conditions for a faster
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reconstruction with better end results and less patients needing invasive surgeries
[31, 39]. This happens because it permits penetration of blood vessels to the centre
of the necrotic zone and reabsorption (fragmentation) of the sequestrum by the cut-
ting cones from inside to outside at the same time that the natural fragmentation
process occurs from outside to inside [7]. When used with arthrodiastasis, TNHD
allows a shorter and more effective external fixator usage, allowing on average
3—4 months until reconstruction is on the way and the fixator can be removed, unlike
the average of 5—6 months established by other authors [60-64]. After the fragmen-
tation stage is completed, TNHT is no longer useful.

Conclusions

The clinical study confirms the existence of a period of fractional and sequential
ischemic episodes before the onset of LCPD. These ischemic events lead to weak-
ening of the epiphyseal bone structure with woven bone formation. If a trauma or
micro-trauma happens at that timing, then a pathologic subchondral fracture trig-
gers the beginning of Legg-Calvé-Perthes disease.

The authors conclude that it is possible to identify the fractional and transient
ischemic events that precede the beginning of Legg-Calvé-Perthes disease and to
define a group of cases at risk of evolution to LCPD. On those cases, TNHT induces
anastomosis of small blood vessels between metaphysis and epiphysis, thus supple-
menting the epiphyseal unstable supply, preventing new ischemic episodes and
aborting the evolution to Perthes disease.

When the tunnelling procedure was used in cases with Perthes disease in evolu-
tion, the author found that it shortens the course of the disease to 1/3 or ¥2 and pro-
vides better vascularity to the femoral head with a shorter period of femoral head
fragility and better end results, with only 17% of the patients needing invasive
surgery.
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Varus Derotational Osteotomy 5
as Treatment of Legg-Calvé-Perthes
Disease

Surya N. Mundluru and David S. Feldman

Introduction

The current accepted treatment options for Legg-Calvé-Perthes disease are based on
the concept of containment. Containment can be achieved by positioning the extrud-
ing femoral head in a more covered position. This increase in coverage has been
theorized to offset the disease progression, providing more favorable remodeling
potential. The varus derotational osteotomy (VDRO) is one such treatment modality
and has been widely accepted as a current mainstay of treatment for hip contain-
ment in Legg-Calvé-Perthes disease.

History

In 1929 Parker described using plaster abductions casts to position the entire epiph-
ysis within the acetabulum (Fig. 5.1) [1]. The Parker “broomstick abduction cast”
was one of the earliest known treatment options for Perthes. Later, many braces
were created that mimicked the function of the original abduction casts. However,
despite more wide adoption of abduction braces, patients would remain awkwardly
constrained by the devices, negatively impacting patient compliance and adherence.
It was not until 1965 when Axer described the first femoral osteotomy for the
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Fig. 5.1 Broomstick
abduction cast by Parker,
Harrison et al. [1]

Table 5.1 Anatomical Final
results and rate of regenera- Initial regeneration consolidation
tion of epiphysis of 11 Case number (months) (months)
patients after subtrochanteric 1 5 5
osteotomy with derotation 9 102 34

3 10 16

4 3 8

5 4.5 10

6 3 16

7 9? 23

8 4 19

9 7 20

10 3 16

11 5 13

Average time 6 15.5°

From Axer et al. JBJS (1965)
aSubchondral defect
"Excludes case 7

treatment of Perthes’ disease. His goal was to find “a less restricted method of treat-
ment yielding similar or better results.” The procedure was described as a varus
subtrochanteric osteotomy with rotation, positioning the “plastic” epiphysis in the
center of the joint space [2]. In his series of 12 patients from 1957 to 1963, 11 of the
patients were noted to have “very good to good” outcomes with a mean remodeling
time of 15.5 months (Tables 5.1 and 5.2). Only one patient was noted to have limita-
tion of movement with a limp and a limb length discrepancy of 2.5 cm. All patients
were immobilized for an average of 2—3 months in a plaster spica cast until radio-
graphic signs of union. In 1976 Lloyd-Roberts and Catterall performed the first
randomized control study looking at untreated Perthes’ disease (total of 75 patients)
in comparison to 48 patients treated with varus rotational osteotomy. They showed
that the patients that had the best results after osteotomy were those that the opera-
tion was performed within 7 months of symptoms. They also found that patients
treated at around the age of 6 years had better results compared to those treated at a
much older age [3]. These early pioneering studies paved the way to further devel-
opments regarding operative management of Perthes’ disease.
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Table 5.2 Clinical results of 12 patients that had undergone a subtrochanteric osteotomy with
derotation

Case number Limp Disparity (cm) Limitation of movement
1 No +1.0 Negligible

2 No None Negligible

3 No -0.5to —-1.0 Negligible

4 Yes -2.5 Considerable
5 No None Negligible

6 No None Negligible

7 No None Negligible

8 No* -1.2 Negligible

9 No None Negligible
10 No -0.5 Negligible

11 No -0.5 Negligible
12 Slight -1.5 Negligible

From Axer et al. JBJS, 1965
“Limps slightly when running

Biology

Axer had suggested that one of the effects of varus osteotomy was interruption of
the destructive phase of Perthes’ disease and a reduction in the duration of the dis-
ease [4]. Joseph further corroborated Axer’s findings, demonstrating that in fact
some children operated at stage I of the disease had an overall reduction in the dura-
tion of the disease primarily because of bypass of the stage of fragmentation. Even
in children who did pass through the stage of fragmentation, the duration of the
fragmentation phase was shorter than in children treated non-operatively.
Additionally metaphyseal widening and epiphyseal extrusion, both of which tend to
increase abruptly in non-operated children, are minimized in patients who under-
went femoral osteotomy [5]. Heikkinen theorized that besides providing contain-
ment, the varus rotational osteotomy had a beneficial effect on the “disturbed venous
drainage” of the affected hip in addition to decreasing the load against the involved
head without restricting normal activity. He looked at 67 patients treated with the
osteotomy and found that 74% of patients between the age of 5 and 9 had good
results as opposed to only 40% of patients older than 9 years of age. He also per-
formed venography on selected patients showing venous pooling and congestion in
the affected hips was relieved by osteotomy improving femoral head blood flow
(Fig. 5.2) [6]. However in 1992, Lee performed serial quantitative scintigraphic
studies on 25 hips with Perthes’ disease pre- and post-VDRO. The studies were
performed preoperatively and at 2 weeks, 6 weeks, 6 months, 1 year, and 2 years
postoperatively. He found that the vascularity of the femoral head decreased signifi-
cantly at the 2-week initial visit; however, thereafter it steadily increased back to the
preoperative level by 6 months with no statistically significant increase from preop
at 2 years [7].
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Fig. 5.2 Venogram of
bilateral hips, right side
unaffected and left side
affected by Perthes’
disease. Venous drainage
was assessed after 6 ml of
radio-opaque contrast
material was injected into
bilateral femoral necks.
The affected side (left)
shows increased reflux and
extravasation into the
diaphysis compared to the
contralateral side.
(Heikkinen et al. [6])

Techniques

Since Axer’s original publication in 1965, the varus osteotomy has been adopted
by surgeons and modified allowing for better surgical outcomes. Axer in 1980 pub-
lished an update to his original paper. He described three variations. Excision of a
medial based wedge with its reversal to obtain “varusation and containment” with
anterior head containment by derotation. In the cases he was unable to achieve the
desired degree of medial rotation of the proximal fragment, an excision of a
posterior-based wedge to obtain head containment by extension was performed
(Fig. 5.3). In young children (<6 years), an opening wedge technique was per-
formed with a transverse division of the shaft in the subtrochanteric region, fol-
lowed by pre-bending of the plate to the appropriate varus angle and application.
He also decreased the postoperative immobilization and spica casting to only a
total of 6 weeks [8]. Grant and Lehman described an innovative technique utilizing
a cannulated blade plate for varus osteotomy. The system included cannulated
chisels and cannulated one-piece plate that could be inserted over a guidewire
(Fig. 5.4). They also recommended using a pretemplated/predetermined line
known as the neck metaphyseal angle for determination of the position of the wire
and blade placement to allow a reliable correction of the neck shaft angle (Fig. 5.5)
[9, 10]. Joseph et al. described using a combination of a trochanteric epiphyseode-
sis and varus osteotomy (Fig. 5.6). There is no plaster immobilization utilized, but
weight-bearing was avoided until mature bone was seen to cover the lateral part of
the femoral epiphysis. In their study, they found a much larger proportion of chil-
dren, who had this operation, had spherical femoral heads compared to a control
group (62.5% vs 20%; p < 0.001). They performed the procedure on Catterall
groups II-IV, children ages 7-12 years [11]. Ito et al. described using a
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Fig. 5.3 Osteotomy techniques by Axer et al. [8]
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Fig.5.4 A new system,
which included cannulated
chisels and cannulated
one-piece plate that can be
inserted over a guidewire.
(Grant, Lehman et al. [9])

Center Neck Trochanteric Neck Metaphyseal
Axis Metaphyseal Line Angle

Fig. 5.5 Neck metaphyseal angle. (Grant et al. [10])
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Fig. 5.6 Surgical technique that includes a trochanteric epiphyseodesis and varus osteotomy as
described by Joseph et al. This method involves an osteotomy of the flare of the trochanter (a), then
the growth plate of the trochanter is drilled (b), finally an open-wedge osteotomy is performed and
a plate and screws are used to maintain a 20° varus angle (c)

three-dimensional corrective external fixator system for the varus and rotational
correction (Fig. 5.7). In their series, 36 patients with Perthes’ disease were treated
with the technique for 3 months. All achieved union at a mean of 4 months from
the original surgery. No malunions or device failures were noted [12]. Atsumi
described a rotational open-wedge osteotomy for patients older than 7 years of age
with Perthes’ disease. In his technique a cannulated blade plate was used and par-
tially inserted in an anteriorly shifted position. Next an intertrochanteric osteotomy
was performed. After osteotomy the plate was further “seeded” to the appropriate
depth. The device was then rotated posteriorly and fixed in line with the femoral
shaft (Fig. 5.8). Using this technique on 19 patients with Perthes’ disease Catterall
stages IIT and IV, he noted an accelerated rate of repair of the fragmented epiphysis
by 12 months. The mean age of the patient population was 7.8 years old [13]. In a
muticenter prospective study, Kim assessed 52 patients treated with proximal fem-
oral varus osteotomies for Perthes’ disease. All patients were 6 years or older at the
time of diagnosis (mean age 8 years). He found that greater varus angulation did
not produce better preservation of the femoral head. Based on his findings, over- or
under-“varusization” did not provide the most favorable outcomes. Best outcomes
were noted in patients with initial lateral pillar B classification with only 10-15 °
of varus correction [14].
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Fig. 5.7 Three-dimensional external fixator for treatment of Perthes’ disease, Ito et al. [12]. (a)
Preoperative AP radiograph demonstrating early stage Perthes. (b) After varus osteotomy with an
external fixation

Fig. 5.8 Opening wedge intertrochanteric varus rotational osteotomy, Atsumi et al. [13]. (a)
Planned angles of correction for varus derotational osteotomy. (b) Placement of blade plate to
match preoperative plan. (¢) After correction to varus and rotation
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Time of Intervention

Though many have accepted the benefit of varus derotational osteotomy for the
treatment of Perthes’ disease, much controversy remains on the appropriate time
and stage for maximal benefit from treatment. In 1980, Laurent looked at 78 patients
Catterall groups II, III, and IV who underwent subtrochanteric varus derotational
osteotomy as proposed by Axer. The average age of patients with the onset of symp-
toms was 6 years and 6 months. The average age at the time of osteotomy was
7 years and 8 months. He found that patients that had the osteotomy within 1 year
of onset of symptoms and were Catterall stages II and III at intervention had the best
outcomes (Fig. 5.9) [15]. Friedlander conducted a retrospective review of 116
patients with varus osteotomy for Herring group B and C disease. Radiographic
outcome was assessed utilizing Stulberg’s classification to grade residual deformity.
Follow-up averaged 6 years and 9 months. Stulberg classes I and II (spherically
congruent) were obtained in 86% of patients younger than 9 years old with Herring
class B disease. Patients 9 years and older with Herring class B (Fig. 5.10) disease
had spherically congruent results in 67% of cases. Patients with Herring class C
disease 9 years and older had spherically congruent results in only 30% of cases.
Patients 9 years or younger with Herring class C disease at time of intervention only
had congruent results in 43% [16]. Joseph in 2003 evaluated the optimal timing for
containment surgery for Perthes’ disease. Ninety-seven patients who underwent the
femoral osteotomy technique as described by him were included in the study. The
mean age of patient population was 8 years of age. Using univariate and multivari-
ate analysis, the most significant variable that had a bearing on outcome was timing
of surgery. The chances of retaining a spherical femoral head were much higher in
children operated on either the stage of avascular necrosis or in the early part of the
fragmentation stage than in those operated later (Fig. 5.11). The goal of surgical
intervention was effectively to bypass the stage of fragmentation by containment of
the femoral head. By early intervention the integrity of the lateral pillar was main-
tained, the duration of the disease was reduced compared to prior controls, and the

Fig.5.9 (a) Preoperative xray demonstrating femoral head collapse and extrusion. (b) After varus
osteotomy and healing there is a concentric femoral head, Laurent et al. [15]
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Group A Group B Group C

Fig. 5.10 An anteroposterior (AP) pelvis radiograph during the fragmentation phase was used to
classify patients into group B (hips with >50% of the lateral pillar intact) (Fig. 5.2) and group C
hips with <50% of the original height of the lateral pillar, Friedlander et al. [16]

adverse metaphyseal and acetabular changes that tend to appear most frequently in
the stage of fragmentation did not develop [5].

Complications

As with any surgical intervention, varus derotational osteotomies are associated
with potential complications. Complications described in the literature include pre-
mature epiphyseal closure, leg length discrepancy, greater trochanter overgrowth,
abductor lurch, loss of motion, pain, and over-varusation.

Premature epiphyseal closure after VDRO was described by Barnes in 1980. He
reviewed 22 patients with an average age of onset of 6 years, with Catterall group
IIT and IV disease who developed premature closure compared to the contralateral
hip. The patients had a follow-up at an average age of 14 years old and had an aver-
age leg length discrepancy range of 0.5-3.0 cm (average 2 cm). Other complication
noted in the study included greater trochanter overgrowth in some patients.
Decrease in abduction did correlate with greater trochanter overgrowth (impinge-
ment on the ilium); however, Trendelenburg sign, which was seen in seven patients,
did not correlate. Overall 16 patients were pain free and active, while 6 had occa-
sional pain after activity [17]. Leitch looked at 72 patients with Perthes’ disease,
20 of which were treated with VDRO and 27 of which were treated with a Salter
(innominate) osteotomy. Catterall grade at time of diagnosis was evenly spread
across all groups (Grades II-1V). The study showed a leg length discrepancy of
greater than 2 cm in a total of 6% of patients in the total population (13% of
patients treated with VDRO and 9% of patients treated non-operatively) (Fig. 5.12).
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Fig.5.11 (a) Preoperative
xrays (b) Radiograph after
osteotomy. (¢) Radiograph
after healing, Joseph

et al. [5]

Greater trochanter overgrowth (determined by articulotrochanteric distance less
than 5 mm on final AP pelvis radiograph) was noted in 26% of the patients treated
with VDRO; however, interestingly 29% of patients treated non-operatively also
had the phenomenon. Forty-three percent of the patients with greater trochanter
overgrowth had a positive Trendelenburg sign. Weiner reviewed 79 patients who
underwent VDRO. Patients were Catterall II, III, or IV at time of indication for
surgery. Average age at surgery was 7.3 years, and average follow-up was 4.8 years.
Fifteen patients developed “pitfalls” which included greater trochanter overgrowth
(nine patients), persistent varus angulation less than 105 degrees (seven patients),
shortening of the extremity greater than 1 inch (three patients), and premature
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Fig.5.12 Standing radiograph
demonstrating limb length discrepancy
after varus ostoeotomy, Leitch et al.
CORR (1991)

DISTANCE
SLEaMN 33

physeal closure (nine patients). Of the patients that underwent greater trochanteric
epiphysiodesis at initial surgery, only two patients (5.4%) developed a complica-
tion. In contrast in the patients operated with osteotomy without epiphysiodesis, 14
patients (28%) developed a complication. Sixteen patients had immediate postop-
erative varus inclination of less than 105 degrees, and seven of those (44%) devel-
oped a complication. Of the 63 patients that had postoperative varus of greater than
105 degrees, only 8 (13%) had a complication. So conclusions from this study
showed that a neck shaft angle greater than 105 degrees and trochanter epiphysio-
desis at initial surgery were less likely to be associated with long-term problems;
however, no statistical analysis was performed in the study [18].

No discussion about femoral osteotomies would be complete without mention-
ing the Sugioka osteotomy [19]. If there is one third of the femoral head still intact
and rotated between 20 and 30 degrees, the femoral head osteotomy has demon-
strated excellent results beyond 10 years, in the hands of Dr. Sugioka [20]. These
results have not been able to be reproduced in other western centers [21, 22]. Studies
have claimed that there may be a difference in race in terms of outcome or perhaps
it is the difficult nature of the procedure. At this time, this procedure is rarely per-
formed outside of Japan.
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Conclusions

The varus derotational osteotomy is an acceptable treatment option for Legg-Calvé-
Perthes disease. Since its description by Axer in 1965, it has been a mainstay in the
treatment algorithm. Since its inception it has undergone many iterations with a
variety of techniques described to achieve the same goal: femoral head containment.
By positioning an extruding femoral head in a more covered position, there is a
theoretical benefit in accelerated healing, decrease in fragmentation of the epiphy-
sis, and potential change in the vascular supply. Though the risks with this proce-
dure are low, there is a potential for complications that may require adjunct
procedures. The varus derotational osteotomy should be considered in the manage-
ment of Perthes’ disease and will remain a mainstay in treatment for a long time
to come.
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Pelvic Osteotomies as Treatment 6
for Legg-Calvé-Perthes Disease

Keith Bachmann and Vidyadhar Upasani

Introduction

This chapter will focus on pelvic osteotomies for the treatment of Legg-Calve-
Perthes disease (LCPD). It is fitting that Salter [1] was the first to propose the con-
cept of femoral head containment as the osteotomy he described for developmental
dysplasia of the hip is the most commonly performed pelvic osteotomy for this
patient population. Salter described the vascular insult, revascularization, and sub-
chondral pathologic fracture that are observed in Perthes disease. In fact, the por-
cine model that Salter developed is still being used today to further understand this
pathologic process and develop treatment strategies [2, 3].

In this same seminar [1], Salter also summarized the principal clinical aims for
the treatment of LCPD. Avoiding late arthritis is the most significant goal, and he
proposed three factors to consider: (1) children presenting before the age of 6 rarely
develop femoral head deformity; (2) femoral head deformity was significant in
terms of predicting long-term arthritis; and (3) femoral head deformity is prevent-
able. Salter’s principles for treatment thus include regaining full hip motion and
then preventing or correcting extrusion of the femoral head (i.e., loss of contain-
ment). The final principle is to allow weight bearing of the contained femoral head
to promote remodeling. With this Salter felt that the new goal for Perthes treatment
should be containment and motion to allow for femoral head remodeling instead of
old ideas of weight-relieving caliper among others. The best way to achieve this
goal in his opinion was surgical treatment to provide a permanent containment of
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the femoral head. This containment would then not be reliant on patient compliance
(once healing has occurred), and the remodeling can result in a spherical femoral
head and symmetric hip motion.

Innominate Osteotomy

In 1961 Salter [4] described his innominate osteotomy for DDH. His principles
include correcting the acetabulum to a position that maintains reduction and then
elimination of the redundant capsular tissue superolaterally where the femoral head
was resting prior to relocation. In 1965 [5] he presented on the use of the innominate
osteotomy for Perthes disease at an Israeli Orthopaedic Society meeting (Fig. 6.1).
This included discussion of a porcine model in which he tied off the epiphyseal ves-
sels with suture ligation as well as joint insufflation maintaining pressure above
70 mmHg to recreate the ischemic necrosis of Perthes disease. Once this ischemic
insult was removed, they found a “head within a head” formed. This new bone was
deformed rather than the necrotic bone “softening”, flipping the paradigm. Salter
also found in the pig model that the head would not deform with weight bearing if
the leg was kept in flexion and abduction maintaining head containment. Salter’s
recommendations in 1966 were innominate osteotomy for children over 6 years of
age with full hip motion and no femoral head deformity.

Early studies reporting outcomes of Perthes disease suffered from inconsistency
in terms of classification systems used for staging disease prior to treatment and for
outcomes. Most studies at the time used Catterall’s classification [6] of femoral
head involvement and measured outcomes using Mose concentric circles [7]
method. The Mose concentric circles outcome involved plastic overlay with 2 mm
concentric circles. If the femoral head was perfectly round on AP and lateral views,
it was considered excellent or good outcome. If the sphericity was within 2 mm, it
was a fair outcome, and sphericity with borders extending beyond 2 mm is classified
as poor outcome.

In this context the early studies regarding Salter’s innominate osteotomy for
Perthes disease appeared. Barer in 1978 [8] reported on 55 involved hips with 23
undergoing Salter innominate osteotomy. Inclusion criteria for surgery included age
greater than 4 years, Catterall group 3 or 4 with consideration to group 2 in older
patients. Of the 23 hips that underwent innominate osteotomy, 87% had a good or
fair outcome based on Mose criteria with 75% good or fair outcome with ambula-
tion in abduction or with a weight-relieving caliper. They recommended Salter oste-
otomy for more involved Perthes disease. In comparison with another popular early
treatment method, Ingman in 1982 [9] compared Salter osteotomy to spica casting.
In this initial study, they compared 41 innominate osteotomies to a group of 33
patients treated in a hip spica refined from 70 total treated in a hip spica at 30
degrees of abduction and 10 degrees of internal rotation. Their outcomes were rated
clinically and radiographically. Clinical outcome was considered good if there was
occasional minimal discomfort and minimal restriction of hip movement and fair if
there was pain causing minor restriction of activity or more than 10 degrees



6 Pelvic Osteotomies as Treatment for Legg-Calvé-Perthes Disease 77

Fig. 6.1 Anterior-posterior (a) and frog-leg lateral (b) radiographs of a 6-year-old boy with left
hip pain demonstrate early Perthes disease. Postoperative radiograph (¢) demonstrates good femo-
ral head coverage after a Salter innominate osteotomy. 3-month postoperative anterior-posterior
(d) and frog-leg lateral (e) radiographs demonstrate appropriate healing of the iliac osteotomy.
8-year postoperative anterior-posterior (f) and frog-leg lateral radiographs demonstrate Stulberg 11
outcome with a small persistent osteochondral fragment visible on the lateral image

restriction of movement and no contracture other than up to 10 degrees of fixed hip
flexion. Outcome was considered fair if there was disabling pain, fixed flexion
deformity of more than 10 degrees or fixed deformity in any other plane, or limited
hip range of motion less than 90 degrees. Radiologic assessment was rated good if
there was no deviation more than 2 mm on AP or lateral view, a fair outcome if there
was deviation between 2 and 4 mm on AP or lateral view, and poor outcome if there
was deviation more than 4 mm. Their major findings were three poor clinical out-
comes all in patients older than 8, two osteotomy patients, and one cast patient.
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There were good and fair radiographic results in all patients less than age 6, with a
slight lean toward better radiographic results for hip spica patients between ages 6
and 8 (30% good results osteotomy vs. 70% good in hip spica patients). Patients in
both treatment groups older than age 8 had a 50% chance of poor outcome (Fig. 6.2).
They found head-at-risk signs of lateral extrusion and lateral calcification to be of
value in predicting poor outcomes in both groups. They did not find horizontal
epiphysis or Gage’s sign to be predictive of poor outcomes. The innominate oste-
otomy group did have a higher percentage of good outcomes in those patients with
head-at-risk signs (43% vs. 25%). Despite these breakdowns showing efficacy of
innominate osteotomy, they felt that their indications needed refinement as overall
there was only a 38% good outcome in innominate osteotomy group compared to
51% in hip spica.

This same group then followed up their results 9 years later [10] with 27 patients
including 11 with further follow-up from the original study. They rated clinical and
radiographic outcomes with stricter radiographic criteria than their previous study.

25D PedsOrtho

Fig. 6.2 Anterior-posterior (a) radiographs of an 8-year-old boy with right hip pain demonstrate
early Perthes disease. Intraoperative arthrogram (b) demonstrates femoral head flattening with
appropriate coverage on the middle abduction-internal rotation view. Pre-operative magnetic reso-
nance images (¢) demonstrate near complete loss of perfusion to the femoral epiphysis. Post-
operative radiograph (d) demonstrates good femoral head coverage after a right Salter innominate
osteotomy. 3-month post-operative anterior-posterior (e) radiograph demonstrate appropriate heal-
ing of the iliac osteotomy. 10-month post-operative anterior-posterior and frog-leg lateral (f) radio-
graphs demonstrate repeat lateral extrusion. He underwent a right side femoral varus osteotomy
and shelf procedure (g). 6-month post-operative anterior-posterior radiograph (h) demonstrates a
well contained femoral head
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Fig. 6.2 (continued)

They used similar groups as others with good outcomes being spherical head on AP
and lateral projections with the same radius as the contralateral hip. Fair outcome
consisted of hips with less than 2 mm of deviation from a perfect sphere on either
AP or lateral projection and poor if the deviation from a sphere was greater than
2 mm in either plane. Even with these stricter criteria, there were 56% good results
and 96% good or fair results with the only poor result in a patient 6-8 years of age
at the time of surgery. Importantly they also followed up 11 of the patients men-
tioned above from the 1982 [9] comparison study. Ten of these 11 patients showed
radiographic improvement even with the stricter radiographic criteria.

Stevens, Williams, and Menelaus in 1981 [11] reviewed the results from Royal
Children’s Hospital, Australia. They treated a total of 300 children for LCP with 85
indicated for Salter osteotomy. They were able to follow up 70 of these patients with
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at least 2 years of follow-up. Their indications for surgery were older age and near-
total head involvement. Average age at surgery was 6.6, and all patients were
Catterall 3 or 4. In clinical follow-up 64 of 70 patients or parents were pleased with
their result. 30 patients had a limp, 15 occasionally had pain, and 7 patients had hip
stiffness necessitating admission for traction. These seven patients included the six
who were dissatisfied with their outcome and one patient who was still pleased with
their outcome. In review they found these patients either had hip irritability or femo-
ral head deformity preoperatively. They found 20% of the remaining patients were
lacking 10 degrees of internal rotation but found that there was no limitation; in fact
most patients did not notice this. No patient had required further surgery.

For radiographic review Stevens et al. [11] measured femoral head coverage,
head-to-teardrop distance, center-edge angle, and Mose estimates. No single radio-
graphic measure was found to reflect progress or prognosis; therefore they used a
modification of the Sundt criteria. This composite impression included good, spher-
ical head well contained with no adaptive change and no increased head-to-teardrop
distance, and fair, spherical head with enlargement or adaptive changes in the ace-
tabulum with up to 20% of the head uncovered. A poor radiograph had a flat or
irregular head, more than 20% of the head uncovered, an increase in head-to-
teardrop distance, or moderate to marked acetabular changes. With these criteria
their results were 54% good, 19% fair, and 27% poor. Twelve of the 19 patients in
the poor group had minimal or no symptoms and remained active. They noticed
trochanteric overgrowth significant enough to compromise an otherwise good result
in five patients. Their final conclusion was to perform Salter’s innominate osteot-
omy for a child over the age of 6 with the greater part of the femoral head affected
when they begin developing femoral head uncovering. The patient must have almost
full hip range of motion without irritability, abduction x-rays demonstrate contain-
ment of the head, and the patient must be within 8§ months of initial presentation as
these earlier osteotomy patients had better results.

Maxted and Jackson in 1985 [12] reviewed 36 children with complete femoral
head involvement who underwent Salter innominate osteotomy. The children were
aged 3—13 at the time of operation. Younger children (aged 3—6 years) fared better
with eight out of nine patients with deformed femoral heads pre-op having circular
heads at final healed follow-up. Three out of 10 patients aged 7—13 also saw femoral
head shape recovery although clearly a smaller percentage than the younger patients.
Thirty-three of 36 patients had a center-edge angle of 25 degrees or more at final
healing, and 11 of 14 patients with a break in Shenton’s line preoperatively had
restoration of Shenton’s line postoperative.

Salter’s osteotomy was not the only innominate osteotomy being performed for
Perthes’ disease. In 1972 Canale et al. [13] from The State Hospital for Crippled
Children in Elizabethtown, PA published their results with an innominate osteot-
omy utilizing a quadrangular graft instead of triangular as fashioned by Salter.
Their results were compared to a nonoperative group with similar stage of disease
and found improved outcomes in the surgical group if the patient was over age 7,
the osteotomy was performed in stage 2 or early stage 3 of the disease, and sur-
gery eliminated the need for long-term immobilization. In 2003 Yoon et al. [14]
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described a modification of the osteotomy with a steeper angle down to the sciatic
cut allowing stable fixation per their report with no need for internal fixation and
only splints used postoperatively. They performed their osteotomy in 16 hips and
used biodegradable screw fixation in 9 hips. They noted two patients with limited
postoperative motion: one blamed on patient refusal to perform postoperative
therapy and one with severe hip subluxation. Their mean center-edge angle
improved from 19 degrees to 29 degrees with one patient less than 25 degrees.
Epiphyseal extrusion also improved from mean 23% to mean 9.5%. They advo-
cate their osteotomy due to no need for hardware removal, although based on
more than half of their patients requiring screw fixation anyway this seems a
questionable benefit.

All of the above studies hold one thing in common: they do not have a surgical
reference or comparison group. Another alternative for surgical management
involves femoral varus osteotomy to increase containment. In 1988 Sponseller,
Desai, and Millis [15] published results from Boston Children’s Hospital comparing
patients with LCPD treated with either femoral varus or innominate osteotomy
between 1968 and 1982. They begin by acknowledging the advantages and disad-
vantages which we will highlight here. The advantages of the femoral osteotomy are
that the operation is done on the involved bone, provides better lateral coverage, and
decreases the force across the joint. The disadvantages for the femoral osteotomy
are that it may shorten the limb and may create excessive varus angulation leading
to possible weakness of the abductors. The advantages of the innominate osteotomy
are that it might compensate for femoral shortening due to femoral head flattening
and provide better anterolateral coverage while the disadvantages are the technical
difficulty of the procedure and that it might increase the trans-articular pressure.
They evaluated the clinical and radiographic outcomes of 42 femoral and 49 innom-
inate osteotomies and attempted to correlate preoperative risk factors for poor out-
come. Overall they had ~70% good outcome in both groups and could find no
statistically significant difference in clinical outcomes between the two.
Radiographically the innominate osteotomy group had a more normal center-edge
angle, femoral neck-shaft angle, and level of the greater trochanter when compared
to the normal side. In terms of Stulberg and Mose grades however, there was no
statistical difference.

Moberg [16] performed a similar comparison in 1997 with 16 femoral and 18
pelvic osteotomies over an average follow-up of 6 years. Their results clinically
were similar between the two groups with five patients in each group experiencing
occasional hip pain; one patient in the femoral osteotomy group and four in the
pelvic osteotomy group walked with a slight limp, although Trendelenburg’s sign
was positive in three patients with femoral osteotomy and two patients after pelvic
osteotomy. Average leg length discrepancy was 0.9 cm in the femoral osteotomy
group and 0.8 cm in the pelvic osteotomy group. Radiographic results differed with
a significantly better center-edge angle in the group after innominate osteotomy.
There was no difference in the Mose circle assessment or the epiphyseal quotient of
extrusion. Kitakoji in 2005 [17] also found a more anatomic proximal femur for
innominate osteotomy group compared to femoral varus osteotomy group with
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more normal neck-shaft angle, center-edge angle, and articular-trochanteric dis-
tance all more normal in patients who had undergone innominate osteotomy.
Clinically they found the pelvic osteotomy resulted in a better scar and for all of
these reasons recommended innominate osteotomy as the surgery of choice if
needed. At the end of Moberg’s [16] discussion, they call for long-term prospective
study examining natural history and results of treatment for Perthes disease.

Fortunately, Herring et al. [18] at Texas Scottish Rite had begun a prospective
multicenter study on the effect of treatment on outcome. The Legg-Perthes study
group had put this together and collected data beginning in 1984 with the report in
2004. Thirty-nine pediatric orthopedists contributed patients to the study, and the
design allowed the treating surgeons to pick a treatment regimen and use that on all
patients eliminating surgeon bias. The treatment regimens were no-treatment group,
range-of-motion treatment including possible Petrie casting and adductor tenotomy,
orthosis (Atlanta-Scottish Rite Abduction Orthosis), femoral osteotomy group, and
innominate osteotomy group. Provisions were made for very mild Perthes patients
to avoid treatment altogether if they maintained motion and remained asymptom-
atic. Patients initially were compared with Catterall classification on presentation,
but eventually the lateral pillar classification was used to categorize disease severity,
and Waldenstrom stage was noted as well as demographic factors. The study
included patients age 6—12. Ultimately they were able to enroll 19 patients in the
no-treatment group, 37 in the range-of-motion group, 129 in the brace group, 52 in
the femoral osteotomy group, and 68 in the pelvic osteotomy group. These patients
were followed to skeletal maturity and graded based on the Stulberg classification
as a reliable index to predict long-term function.

The first results examined are the no-treatment group, the range-of-motion treat-
ment group, and the brace treatment group. Finding no significant difference
between these groups, they were combined into a nonoperative treatment group.
There was also no statistically significant difference between the femoral and
innominate osteotomy group, so these too were combined to increase the power.
Comparing operative to nonoperative, there was a statistically significant difference
in outcome using Stulberg classification with improved outcomes in the operative
compared to the nonoperative hips [19] (61% Stulberg I or II outcomes in operative
vs. 46% in nonoperative groups). Most of this difference was found for patients who
presented with chronologic age greater than 8 at disease onset in lateral pillar clas-
sification B or B/C border. These patients still had overall poor outcomes; however,
for example, patients older than 8 in B/C border group 73% in the operative group
had Stulberg IIT outcomes with 60% in the nonoperative group having Stulberg IV
or V outcomes. Other than these breakdowns, they found the strongest predictive
factor for outcome was lateral pillar classification with all lateral pillar A patients
having a Stulberg I or II outcome, 67% of lateral pillar B having the same outcome
and only 28% and 13% of B/C border, and lateral pillar C having Stulberg I or II
outcome. The second strongest predictor was then age with children presenting on
or before the age of 8 having a 59% rate of good results and only 8% rate of poor
results, while patients presenting after their 8th birthday had only a 39% rate of
good outcomes with a 26% rate of poor outcomes.
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The treatment recommendations coming out of Herring’s study are closely fol-
lowed by many. Lateral pillar group A patients tend to have an excellent prognosis
and require no specific treatment. Lateral pillar group B patients with onset younger
than age 8 also tend to do well not requiring specific treatment. Lateral pillar B/C
border patients younger than age 8 do not do as well but did not benefit from surgery
in this study. Patients who presented after their 8th birthday with lateral pillar group
B or B/C border had significant improvement with either femoral or innominate
osteotomy compared with nonoperative treatment. Unfortunately, patients in lateral
pillar group C of any age have no evident improvement with surgical treatment and
a very poor outcome. This begs more aggressive treatments for these patients.

The other major points made by Herring et al. were in part one of their two-part
series [20] outlining the results of the long-term follow-up study. They noted that
the Catterall classification suffers from wide variability and poor inter-rater reliabil-
ity for preoperative grading, while the postoperative radiographic results suffered
from a similar poor reliability as well as wide outcomes selection. Their first part
paper highlighted lateral pillar classification as a reliable and reproducible option
and the Stulberg grade as a reliable radiographic outcome measure.

Shelf/Chiari Pelvic Osteotomy

While Herring and colleagues studied innominate osteotomy and VDRO, other pel-
vic osteotomies have been proposed over the years to deal with the lateral sublux-
ation in more involved Perthes disease. In 1990 Cahuzac [21] and colleagues
reported their findings after Chiari osteotomy on 17 patients with Perthes disease.
They advocated the Chiari osteotomy for older patients, with an average age of
8 years and 9 months at operation in their study. Center-edge angle improved from
13.6 to 38.4 and then regressed to 33.2 at follow-up. There was more loss of center-
edge angle in patients younger than 8 at follow-up. There was also more loss in
patients where the osteotomy site was more than 4 mm above the acetabular margin.
When evaluated according to Mose criteria, 12 femoral heads were listed as regular,
4 as irregular, and 1 as very irregular. Again femoral heads that were irregular had a
higher osteotomy.

Bennett and colleagues in 1991 [22] also reviewed 17 patients who had under-
gone 18 Chiari osteotomies for painful subluxated hips with Perthes disease. Of
note, primary treatment was containment orthoses, and the mean time between pre-
sentation and surgery was 3 years in this study. As such, it is hard to review as a
primary treatment option; however, in the setting of salvage, the clinical outcome
was reported to be pain-free in the 13 patients reviewed clinically. Near-complete
femoral head coverage was achieved radiographically; however, the postoperative
motion was reported average 105 degrees flexion, 5 degrees internal rotation, 10
degrees external rotation, and 33 degrees of abduction. No patient was reported to
have a femoral head meeting “good” criteria of Mose (less than 2 mm of spherical
deviation), meaning no hip was better than Stulberg III.
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Fig. 6.3 Anterior-posterior radiograph (a) of an 11-year-old boy with left hip pain demonstrates
late-stage Perthes disease. He underwent a left valgus femoral osteotomy with shelf acetabulo-
plasty (b). 3-year postoperative anterior-posterior (c¢) and frog-leg lateral (d) radiographs demon-
strate appropriate healing of the osteotomies after removal of deep implants

Catterall as senior author in 1992 [23] highlighted another pelvic osteotomy
again indicated for older more involved patients with poor natural history outcomes
left untreated. Lateral shelf acetabuloplasty involves creating a trough above the
lateral edge of the acetabulum so that strips of corticocancellous graft can be used
to extend the acetabulum over the lateral edge providing increased size of the ace-
tabulum (Fig. 6.3). Catterall followed 20 patients after shelf acetabuloplasty for an
average of 22 months and compared to a group of 14 patients observed without
surgical treatment. They found improved subluxation ratio from 1.36 to 1.19 at
nearly 2-year postoperative follow-up for those treated with shelf acetabuloplasty,
while the untreated group worsened from 1.36 to 1.66 in follow-up. Acetabular
coverage (center-edge angle) also worsened in the nonoperative group, while he
observed over coverage in the operative group. The femoral head size relative to the
unaffected head was maintained (1.04 pre-op to 1.05 post-op) in the shelf group,
while it continued to enlarge (1.09-1.25) in the nonoperative group. They reported
no resorption of the shelf, and no patient had postoperative pain, while 45% suffered
a reduction in abduction, it was always improved from pre-op. The post-shelf
patients had 7 hips that were spherical and congruent, 11 hips aspherically congru-
ent, and 2 hips were aspherical and incongruent. In the nonoperative group, limited
abduction persisted in 57% of patients, two patients had minor discomfort, and one
patient had moderate pain and underwent femoral osteotomy for hinge abduction.
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Three additional patients reported mild disability from their hip. Only one patient
had a spherical and congruent hip, seven were aspherically congruent, and six were
aspherical and incongruent. The authors certainly demonstrated improvement over
nonoperative treatment in late-onset Perthes.

Kuwajima et al. [24] employed a shelf in addition to Salter osteotomy to form an
“augmented acetabuloplasty” and reported a comparison of Salter osteotomy alone
in 2002. Their patient populations were closely matched in regard to age as this was
the preferred treatment at two separate institutions. In older than 6 age group (still
of the age range that does well), the augmented acetabuloplasty group showed a
trend toward superiority that did not reach statistical significance. Radiographic
measurements also portray resorption of the augmentation portion of the graft lead-
ing to a large increase in center-edge angle initially and then a large change at
longer-term follow-up.

Combined VDRO with Innominate Osteotomy

The need for improved treatment for the older patient with total or near-total head
involvement led to what has been termed “advanced containment” to avoid the lat-
eral extrusion that results in a worse Stulberg grade at the end of treatment (Fig. 6.4).
For some surgeons this took the form of combined femoral and pelvic osteotomies,
while for others this means more control of the final position of the acetabulum
provided by a triple pelvic osteotomy.

The initial report of combined femoral and pelvic osteotomies came out of
Kansas with Olney and Asher in 1985 [25]. They reported on nine patients with
Catterall group III or IV involvement and an average of 3.2 head-at-risk signs and
average epiphyseal extrusion of 26% preoperatively. Their clinical outcomes were
graded as seven good and two fair, and radiographic outcomes were four good, four
fair, and one poor. They advocate this treatment for older children with advanced
disease in whom single osteotomy would create too much varus (femoral osteot-
omy) or likely increase the joint pressure too much (pelvic osteotomy) if full con-
tainment were achieved.

Staheli, who had presented on this topic as early as 1980 at meetings, published
his results in 1992 [26] on 14 patients with a mean age of 8 years and 4 months.
Nine patients were Catterall 111, and five were class IV with all patients having three
or more head-at-risk signs. Average epiphyseal extrusion pre-op was 30%. Over a
mean §-year follow-up, 11 of 14 patients had a good clinical outcome. Seven hips
were Stulberg II with another six Stulberg III and one Stulberg IV at follow-up, and
epiphyseal extrusion was <20% in 13 of 14 hips. The authors advocate this treat-
ment for the older child with severe femoral head involvement and head-at-risk signs.

Javid and Wedge in 2009 [27] summarized the effectiveness of the “double oste-
otomy” nicely. Their study consisted of 20 patients with disease onset over the age
of 8 and predicted poor natural history left untreated. Six patients went on to
Stulberg II, nine Stulberg 111, and five Stulberg I'V at a mean follow-up of 5-year and
5 months. Their conclusion based on these outcomes was that the radiographic



86 K. Bachmann and V. Upasani

50 PedsOrtho

Fig. 6.4 Anterior-posterior (a) and frog-lateral (b) radiographs of a 9-year-old boy with left hip
pain demonstrate early Perthes disease on the left and nearly resolved Perthes disease on the right
which was originally diagnosed at age 6. Abduction-internal rotation arthrogram image (c) of the
left hip demonstrates hinge abduction with impingement of the lateral femoral head and acetabu-
lum. 3-month postoperative anterior-posterior (d) and frog-lateral (e) radiographs demonstrate
appropriate healing of the Salter innominate and femoral varus derotation osteotomies. 5-year
postoperative anterior-posterior (f) and frog-lateral (g) radiographs demonstrate a concentric
Stulberg II left hip with coxa magna and breva deformity to the right hip after nonoperative
management
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outcome in comparison with the natural history in lateral pillar B/C border and C
could be improved by converting likely poor results into fair results. This conclu-
sion highlights the difficult patient group of the older Perthes patient.

Triple Innominate Osteotomy

Advocates of the triple pelvic osteotomy often cite computer modeling performed
by Rab over time evaluating the containment achieved by osteotomies during posi-
tions of daily living as well as modeling of the femoral head changes produced
using finite-element modeling. Rab found in 1981 [28] that attempting containment
with proximal femoral varus or innominate osteotomy would improve lateral and
anterior coverage of the femoral head with more anterior coverage provided by the
innominate osteotomy. The epiphyseal compression forces were the same for nor-
mal, innominate osteotomy and femoral osteotomy, and there was an increase in
medial shear force after femoral osteotomy up to two times body weight. In a finite-
element analysis in 1982 [29], stress patterns in LCPD were analyzed demonstrat-
ing stress shielding for small necrotic defects (Catterall I or II) but collapse with
larger necrotic defects perhaps explaining the relative success of younger patients as
a larger portion of their femoral head remains cartilaginous, although they do no
rule out remodeling potential.

In 2005 Rab [30] then modeled subluxation in early Perthes disease using a rigid
body-spring method. He found that subluxation followed the direction of the
necrotic defect mostly anterior. This subluxation began with a small necrotic seg-
ment simulating Catterall II changes. The subluxation was mostly anterior with very
little lateral subluxation which they justified because the model of the defect was
built that way and any lateral subluxation seen on exam may be related to differen-
tial loading or parallax on radiographic exam. In extremes of surgical correction
(<110 femoral neck varus or 10 degrees or more of acetabular retroversion), the
translational force converted to a medializing force.

Clinically providers were noticing extreme varus angulation would be required for
adequate containment in more severe Perthes with a varus osteotomy. This provided
concerns about limb length and limp. Similar extremes would be needed for acetabular
reorientation, and that is not possible with the confines of the Salter osteotomy which led
providers to triple pelvic osteotomy. In a report from 2002, Kumar et al. [31] reviewed
21 patients at an average age of 7 years and 7 months. Seventeen hips were Herring
group C, and all of them had head-at-risk signs. The average follow-up was 2.5 years.
No Stulberg grading was given, but acetabular head index improvement averaged 18%,
and center-edge angle improved on average 22 degrees with the authors advocating
more improvement with one procedure compared to combination surgeries.

In 2003 O’Connor et al. [32] reported a triple pelvic osteotomy performed
through a single anterolateral skin incision. They followed this with a report on
eight single incision triple osteotomies [33] over 6 years, although at follow-up
none of the patients had reached skeletal maturity. They reported improved center-
edge angles and advocated for triple osteotomy in this older (mostly 8- to 12-year
olds with one 6-year old) and all with lateral pillar C classification.
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Fig. 6.5 Anterior-posterior (a) and frog-leg lateral (b) radiographs of a 6-year-old boy with left
hip pain demonstrate late-stage severe Perthes disease. Preoperative MR image (c¢) demonstrates
severe head involvement and flattening. Postoperative radiograph (d) demonstrates good femoral
head coverage after a triple innominate osteotomy. 7-year postoperative anterior-posterior (e) and
frog-leg lateral (f) radiographs demonstrate Stulberg I outcome

In another series of articles, Wenger et al. reported on their results first in 2010 [34]
on 39 patients with a minimum of 3 years of follow-up (Fig. 6.5). Mean age at diag-
nosis was 7.5 years and mean age at surgery 8.3 years; their study included 21 hips
lateral pillar B and 19 hips that were lateral pillar C. Clinically 35/40 hips were pain-
free at follow-up improved from 40/40 with pain pre-op. 36 hips did not require addi-
tional surgery, and of these hips, 15 had a good outcome (Stulberg I or II), 17 had a
fair outcome (Stulberg III), and 4 had a poor outcome (Stulberg IV or V). In addition
to these patients, four underwent further surgery and were not evaluated for Stulberg
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outcome. None of the poor outcomes started as lateral pillar B, and patients over the
age of 8 with lateral pillar C had a 50% chance of a poor outcome, reflecting other
studies for this older age group. Center-edge angle increased from 25 to 42 on average
over the cohort, and extrusion index decreased from 0.21 to 0.08 over the entire cohort.

The four patients in Wenger’s series who required reoperation were older at diag-
nosis (average 9.5 years). One patient was still under covered and underwent shelf
augmentation with varus femoral osteotomy, one patient had impingement and
underwent cheilectomy, valgus femoral osteotomy, and shelf, and two patients had
hinge abduction and underwent procedures to address the femoral head defects and
subsequent knee alignment encouraging more knee varus.

In a follow-up study in 2012 [35], they wanted to assess changes in lateral cover-
age over time and followed 19 patients with 20 triple osteotomies who had sequen-
tial radiographs with blinded observers making readings including extrusion index,
center-edge angle, acetabular roof angle, and Sharp’s angle. They noted over mini-
mum 3 years that all radiographic parameters changed with mean center-edge angle
decreasing 6 degrees from 44 to 38, acetabular roof angle increased from —8 to —1,
and Sharp’s angle increased from 27 to 32 degrees. They found that no patient cor-
rected to center-edge angle of 44 or less or an acetabular roof angle of —6 or higher
(less coverage) ended with pincer morphology at minimum 3 years of follow-up.
They did note that all 20 patients achieved the first goal of containment with the
triple pelvic osteotomy, but 9 of the 20 had persistent pincer impingement at follow-
up highlighting the freedom created by the three-part osteotomy and the double-
edged sword this creates.

In the most recent paper out of his group, Wenger as senior author in 2015 [36]
wanted to evaluate whether patients treated in the later stage after femoral head
extrusion based on the modified Elizabethtown classification or the older (>8 years
of age) lateral pillar classification C patients had any benefit from containment with
triple osteotomy. They reviewed 54 patients with 56 hips who underwent triple pel-
vic osteotomy. The patients first undergo arthrogram with exam under anesthesia,
adductor tenotomy, and Petrie casting to evaluate for motion and ensure the hip is
containable as well as improve abduction prior to the triple osteotomy.

Although the results favor better outcomes for younger patients earlier in the
disease process with less affected hips (lower Catterall grade, less involved lateral
pillar classification), there were no statistically significant variables when evaluat-
ing an outcome of spherical femoral head. As mentioned there were trends: 74% of
patients younger than age 8 had a spherical femoral head at final follow-up com-
pared to 52% of patients older than age 8 with p = 0.085. Overall results were good
with 64% Stulberg I or II, 25% Stulberg 111, and six hips Stulberg IV or V. There
were two hips with arthritic changes at follow-up with one patient considering total
hip arthroplasty. Seven hips demonstrated radiographic findings of over coverage
with a Tonnis angle <10 degrees, and multiple hips demonstrated acetabular retro-
version based on presence of either positive cross over sign, ischial spine sign, or
both signs. Eleven hips required revision during the follow-up period with 7 hips
undergoing surgery for symptomatic impingement, 3 revisions for continued sub-
luxation (Fig. 6.6) and 1 revision for a pubic nonunion. Given the ability to perform
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Fig. 6.6 Anterior-posterior (a) and frog-lateral (b) radiographs of a 7-year-old boy with right hip
pain demonstrate severe Perthes disease with metaphyseal cysts. He recovered well from a triple
innominate osteotomy (c). 8-month postoperative anterior-posterior (d) and frog-lateral (e) radio-
graphs demonstrate repeat lateral extrusion. He underwent a right-side femoral varus osteotomy
(). 1-year postoperative anterior-posterior (g) and frog-lateral radiographs (h) demonstrate a well
contained and concentric hip joint
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“rim-trim” surgery to relieve this excessive impingement, the authors advocate tri-
ple innominate osteotomy as a good option for the more difficult Perthes patients:
older, later in disease process, more involved femoral head as a more advanced
containment method. Other options in this older patient population could also be a
varus osteotomy in addition to the triple pelvic osteotomy or a Ganz type periace-
tabular osteotomy (Fig. 6.7).

Fig. 6.7 Anterior-posterior (a) and frog-lateral (b) radiographs of a 15-year-old female with
healed Perthes disease and resulting deformity including coxa magna, breva, and acetabular defi-
ciency. A coronal MR image (¢) demonstrates an intact labrum with decreased femoral head-neck
offset and intact acetabular cartilage. The 3D CT image (d) demonstrates a femoral head-neck cam
lesion and anterolateral acetabular undercoverage. Intraoperative fluoroscopy images were
obtained during a femoral valgus osteotomy (e), periacetabular osteotomy, (f) and femoral head-
neck osteochondroplasty (g). 2-year postoperative anterior-posterior (h) and frog-lateral (i) radio-
graphs demonstrate appropriate healing of the femoral and pelvic osteotomies
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Fig. 6.7 (continued)

Conclusion

Work continues to further the treatment of Perthes disease. Young children with
less involved femoral heads continue to have a good outcome, although monitor-
ing and maintenance of motion are certainly required. For the younger patient
with more femoral head involvement or the older patient with relatively mild
disease, then simple containment with either innominate osteotomy as described
by Salter or proximal femoral varus osteotomy can provide containment to allow
the acetabulum to serve as a mold for remodeling of the newly formed bone to a
hopefully spherical shape for best long-term outcome. Early studies showed
older patients continued to have poor outcomes even with surgical interventions,
and so surgeons keep searching for options to improve outcomes for these
patients. Combining Salter with a varus derotational osteotomy as well as triple
pelvic osteotomy is popular method of advanced containment. While the out-
comes after these procedures are not perfect, they help improve on the natural
history for these older children with more advanced disease with historically
poor long-term outcomes.
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Treatment of Legg-Calvé-Perthes 7
Disease of the Hip by Joint Distraction

Dror Paley

Introduction

Management of Perthes disease remains controversial despite extensive literature
exploring this subject. Obtaining and maintaining hip range of motion are the only
principles of treatment that are universally agreed upon. Containment of the femoral
head within the acetabulum is thought to have a beneficial role, especially in patients
with more than 50% femoral head involvement [1]. Methods used to achieve con-
tainment include abduction bracing [2], femoral [3, 4] or innominate osteotomies
[5], and shelf procedures [6, 7]. However, these methods are contraindicated when
the degree of femoral head collapse and deformation prevent spherical hip motion
[3]. Unloading of the hip was originally considered important in the treatment of
Perthes disease [8]. Various methods, such as complete bed rest [8] and use of a
Snyder sling [9], have been tried toward this end, but little evidence exists to show
that these methods alter the natural history of the disease [10, 11]. The failure of
unloading may be related to the misconception that non-weight bearing is equiva-
lent to unloading. We now know that muscular forces on the non-weight bearing hip
can apply one to two times the body weight. To truly remove all compressive forces
from the hip, the muscular forces must be neutralized. This can be accomplished by
hip joint distraction with an external fixator. Distraction of the hip also can reduce
subluxation of the femoral head relative to the acetabulum.

Considering that the cartilage of the femoral head epiphysis actively proliferates
into the uncovered and presumably unloaded lateral regions of the extruded femoral
head [12], in 1989, I postulated that if the femoral head could be distracted back into
the acetabulum, the epiphyseal cartilage might proliferate to fill the gap between the
collapsed femoral head and the acetabulum. Furthermore, distraction would stretch
out the contracted capsule and muscles around the hip and improved hip range of
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motion could be expected. Finally, the repair process and neo-osteogenesis of the
femoral head could proceed without risking femoral head collapse. Based on this
theoretical rationale, I first applied hip joint distraction as a therapeutic approach to
Perthes disease in 1989. Although arthrodiatasis of the hip had been used and
applied for other pathologies such as chondrolysis [13], it had not been used during
the resorption phase of Perthes disease prior to this time to the author’s knowledge.

Surgical Procedure (Fig. 7.1 and 7.2)

The patient is positioned supine with no bump under the hip. The pelvis should
remain level and not tilted toward one side or another. The entire forequarter of the
limb, from midline anterior to midline posterior and from ribs to toes, was prepped
and draped free.

e Step 1: Arthrogram of hip joint.

Anteroposterior (AP), AP in 30 ° flexion, AP in maximum abduction, and frog
lateral fluoroscopic views are obtained with arthrographic dye in place. These are
used to assess degree of medial dye pool, hinge abduction, coxa magna, and
maximum flattening of the femoral head in the 30 ° flexed view.

e Step 2: Percutaneous adductor tenotomy.

The hip and knee are flexed and abducted, and the adductor longus tendon is
palpated at the groin and percutaneously cut with a number 15 blade. The hip and
knee are then extended and abducted, and the gracilis tendon is then palpated and
percutaneously cut at the groin.

e Step 3: Psoas tendon recession.

Make a 3—4 cm anterior groin line incision medial to the anterior inferior iliac
spine. Feel the femoral artery pulse and stay lateral to it. Identify the medial
border of the sartorius muscle and dissect deep and medial to it. The femoral
nerve lies on the iliopsoas muscle at its anteromedial border. The nerve is identi-
fied and retracted medially. Dissect down the medial side of the iliopsoas muscle
and on the undersurface of its medial border find the psoas tendon. Cut the ten-
don while leaving a continuous muscle bridge of the iliacus muscle.

e Step 4: Insert a flexion extension axis pin into the femoral head.

A horizontal line of the pelvis is marked on the drapes, guided by the image
intensifier (line across the top of both iliac crests or bottom of both ischial tuber-
osities). The affected lower limb is held with the patella forward, knee in exten-
sion, and hip in 15 degrees of abduction relative to the horizontal line of the
pelvis. With the image intensifier and a wire, mark a line over the diaphysis of the
femur and a point over the center of the acetabulum. Draw a line from the center
of the acetabulum point, perpendicular to the diaphyseal femoral line. Place the
image intensifier into the lateral view. The dye in the hip joint helps identify the
circumference of the femoral head. Draw a line representing the equator of the
femoral head in the sagittal plane on the lateral aspect of the hip. Insert a 2.5 mm
Steinmann pin into the center of the femoral head from the intersection point of
the AP line with the lateral line. This pin should be perpendicular to the shaft of
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Fig.7.1 (a) An 8-year and 10-month-old boy diagnosed with left-sided Perthes. There is already
a slight increase in medial joint space and a small break in Shenton’s line. The subchondral fracture
can be seen. (b) Four months later the femoral head suddenly collapsed with increased pain and
limitation of motion. There is more extrusion. (¢) Pre-op MRI showing increased medial joint
space, lateral extrusion and flattening of the femoral head. Note the marrow signal change in the
femoral epiphysis compared to the opposite side. (d) Arthrogram left femoral head showing the
flattening, extrusion, and medial dye pool. (e) Fixator placement starts with insertion of a center of
rotation Steinmann pin into the femoral head (left). The pin is placed superior to the center of the
head so that it ends after distraction in the center of the acetabulum. The unilateral external fixator
is mounted on this pin through the cannulation in the hinge (left center). The pelvic pins are
inserted at an oblique angle to the pelvis in order to abduct the hip (right center). A wire is inserted
first followed by a cannulated drill bit followed by the threaded half pin. The arch is connected to
the pins proximally. The hip is distracted acutely and the center of rotation pin removed and rein-
serted. Note that it lies in the center of the acetabulum and not the center of the femoral head which
has been moved distally (right). (f) AP radiograph of both femurs and pelvis showing the abducted
position of the left femur to the pelvis. There are four multiplanar pins in the pelvis and three in the
femur. The rail is parallel to the femur shaft. The hip is overdistracted and Shenton’s line is over-
reduced. The femoral head was moved medially and distally. (g) Only 2 months later the femoral
head height is already increased and fills the distraction space created. Note the arch on the distal
femur used to connect an anterior extension bar between the two arches. (h) Arthrogram of hip
joint after removal of the external fixator. Note the rounding of the femoral head. (i) Femoral head
immediately after removal. The lateral pillar is ossified, and the central portion, which has
expanded, has some dead bone evident in its center (white sequestrum). (j) AP and frog lateral
pelvis X-rays 4 years after distraction (age 13 years). The femoral head is now fully ossified. Both
femoral head physes are about to close. The femoral head shape can be classified as a Stulberg
Class 2. The acetabulum appears to be dysplastic due to the relative coxa magna. The patient has
full range of motion of left hip and has no limp. ((C) Dror Paley. Used with Permission)
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Fig. 7.1 (continued)

Fig.7.2 (a) A 9-year-old boy with left hip Perthes. There is subluxation (break in Shenton’s line
and increased medial joint space) and extrusion. The epiphysis is decreased in height. (b) Three
months later the hip is now fixed in adduction, which rapidly accelerates its deterioration. Hip
motion was greatly reduced and pain increased. (¢) Intraoperative fluoroscopic image showing hip
distractor placement. Steinmann pin located at center of acetabulum. The pins in the pelvis are
angled to hold the hip abducted. The flattening of the femoral head is outlined by the arthrographic
dye. (d) Immediate postoperative AP radiographic view following application of hinged external
fixation. The fixation of the hip holds it abducted relative to pelvis. Acute distraction of the joint
with residual dye in the joint is seen. The femoral head has been shifted medially to eliminate the
medial dye pool. There are four pins in the pelvis and four in the femur due to the larger size of the
patient. Shenton’s line is intentionally overcorrected. (e) AP radiograph of the hip 1 month after
distraction already shows the rapid resorption of the femoral head. The necrotic bone is more evi-
dent due to this resorption. (f) Standing AP radiograph of both lower limbs in bilateral hip abduc-
tion brace a month after removal of the fixator. (g) AP (top) and frog lateral (bottom) radiographs
2 years after distraction (age 11 years). The femoral head is re-ossified. Shenton’s line is intact.
The femoral head appears enlarged and is likely ellipsoid in shape. The hip range of motion is
almost the same as the opposite side with the exception of slight decrease in internal rotation. The
patient has not pain or limp. (h) AP (left) and frog lateral (right) at age 14. The femoral head is
fully ossified. The final femoral head shaped is classified as a Stulberg 2. There is no medial or
superior shift. (i) Final hip range of motion is symmetric: upper left, abduction; upper right, flex-
ion; lower left, internal rotation; lower right, external rotation. ((C) Dror Paley. Used with
Permission)
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Fig.7.2 (continued)
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Fig. 7.2 (continued)
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the femur, end in the center of the acetabulum and be in the midsaggital plane of
the femoral head. Because the hip is usually proximally migrated, the center of
rotation of the femoral head will be proximal to the center of the acetabulum. The
axis pins should be centered on the acetabulum and is therefore more distal to the
center of the femoral head.

e Step 5: Preconstruct a hinged monolateral external fixator

Use one of the following: Orthofix, Biomet Zimmer, SN modular rail system
(MRS), or Devise Orthopedics Drive Rail, and apply the cannulated hinge over
the axis pin (please note that the Biomet Zimmer device was developed by Dr.
David Feldman and the SN MRS and the Devise Drive Rail were developed by
Dr. Paley). These three systems all offer the ability to distract above or below the
hip hinge. The Orthofix device is limited to distracting only distal to the hinge.

* Step 6: Insert the femoral frontal plane pins.

Adjust the distal clamp to the level desired on the femur (usually upper to
middle third). Insert three frontal plane pins with the femur kept in the patella
forward position. Leave room for lengthening on the distal fixator.

e Step 7: Insert two pins into the anterolateral pelvis.

Roll the operating room table toward the opposite side so that the operative
side is higher. Bring the image intensifier into the over the top position to take an
oblique AP of the affected hip. Visualize a triangle in the supra-acetabular region.
Drill a 1.8 mm wire into this triangle and then tap it in until a hollow sound from
hitting a cortex is heard. If the wire is also in the correct alignment on the AP so
that it is about 15 © of abduction to the horizontal line of the pelvis, then advance
the wire through the cortex. Use another wire to measure the length of the intraos-
seous part of the wire. Overdrill the wire with a 4.8 mm cannulated drill bit or in
smaller children a 3.2 mm cannulated drill bit. Insert a hydroxyapatite-coated
4.5-mm- or 6-mm-diameter half pin, respectively. Repeat the same for a second
pin either more proximal or more distal to the first.

e Step 8: Attach an arch to these first two pins so that the arch is in line with the
rest of the fixator based on the constraints of the fixator.

This arch will usually not be perpendicular to the pelvis due to the 15 ° abduc-
tion of the hip joint.

e Step 9: Add two more pelvic pins.

Add one transverse and one oblique pin to the pelvic arch for a total of 4 pins
in the pelvis. The transverse pin should be in the supra-acetabular region (most
distal pelvic pin). The oblique pin should be between the transverse and the two
anterior pins.

e Step 10: Test the hip motion. The hip should move easily in flexion-extension.
e Step 11: Using the fixator distract the hip joint acutely.

Perform an acute distraction of the hip joint so that Shenton’s line is over
reduced by up to 1 cm.

e Step 12: Reduce lateral subluxation of the hip.

After distraction the femur is shifted medially in the distal pin clamp by loos-
ening the set screws and pushing in the half pins. This reduces the medial dye
pool space. If the femoral head distraction is not apparent perform more distrac-
tion after reduction.
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e Step 13: Insert a posterolateral pin in the femoral pin clamp.
In the MRS and Drive Rail, a posterolateral half pin is added to the AP clamp
to achieve multiplanar fixation.
e Step 14: Add a hip extension bar.
Add a removable distraction rod anteriorly between the pelvic arch and the
distal femoral clamp. For easier attachment, a distal femoral arch can be added
to attach the hip distraction rod more anteriorly.

Postoperative Management of Distraction Treatment
for Perthes Disease

Physiotherapy is initiated after surgery, with emphasis on maintaining hip flexion
and extension range of motion. The therapist must clearly understand that they are
not to work on hip abduction, adduction, external rotation, or internal rotation
because this would stress the external fixation pin-bone interface. The patient and
therapist are taught to measure the true hip motion at the hip hinge rather than doing
so clinically (i.e., between the thigh and the spine) (Fig. 7.3). The patient is taught
how to perform flexion-extension exercises at home, supplementing the hour of
daily physical therapy. Patients are allowed 50% weight bearing, while the external
fixator is in place.

Fig. 7.3 Photographs of external fixator distraction of the hip for Perthes. The example is of a
Drive Rail (Devise Orthopedics, Memphis, TN). Upper left, side view supine; lower left, front
view supine; upper right, flexion of hip supine with fixator hinge flexion seen; lower right, flexion
of hip sitting. ((C) Dror Paley. Used with Permission)
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Physiotherapy is important for prevention and treatment of hip flexion contrac-
ture. Using the removable hip extension bar prevents this complication. The bar is
removed for therapy and inserted at least half the time during the day and all night
long. The fixator is left in place for 4 months in patients younger than 12 years and
for 5 months in patients 12 years and older. This usually correlates with radiograph
re-ossification of the lateral pillar.

Apparatus removal is performed under general anesthesia as an outpatient proce-
dure. Because of the osteoporosis of the femoral head and neck, manipulation of the
hip with the patient under anesthesia should not be performed after the removal to
avoid fracture of the hip or femur. A bilateral abduction brace (pelvic band with
bilateral thigh cuffs and hip hinges) set at 30 degrees of abduction per leg is applied
after the removal and is used both day and night for 6 weeks. Resumption of full
weight bearing begins on a gradual basis immediately after fixator removal, and full
weight bearing without crutches is achieved in approximately 4 weeks after removal.
After 6 weeks of full-time use, the abduction brace is used only at night for 6 months
(Fig. 7.2f). Running, jumping, and participation in sports are not allowed for 1 year
after treatment. Swimming, cycling, and walking are encouraged. The patient is
taught a series of five stretches called the Paley Perthes exercises (Fig. 7.4). These
should be performed twice daily until skeletal maturity.

Paley Perthes exercises (Fig. 7.4):

. Wide abduction standing

. Supine hip flexion

. Prone internal rotation stretches
. Prone external rotation stretches
. Prone hyperextension of the hip

[ OSSR

Results

Paley and Segev conducted a retrospective study of the first 16 consecutive patients
(18 hips) treated by hip joint distraction between July 1989 and July 1999. Fourteen
patients had Perthes disease, and two had avascular necrosis of the hip after slipped
capital femoral epiphysis The patient group was comprised of four girls and 12
boys. Two patients had bilateral hip involvement and received the same treatment
for both hips. One patient received repeat distraction treatment of the same hip. The
mean patient age at the time of disease onset was 9.1 years (range, 614 years). The
mean patient age at the time of surgery was 10.2 years (range, 6.5-15.6 years). All
patients with Perthes disease had whole-head involvement, and the cases were clas-
sified as Catterall IV [3, 12-14] or depending on the date of initial presentation to
the senior author. The two patients with slipped capital epiphysis experienced col-
lapse of the femoral head resulting from avascular necrosis.

All patients in this series had marked proximal migration and subluxation, which
are very poor prognostic factors for containment treatment. The surgical approach
and treatment protocol for all patients treated by distraction included gradual
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Fig.7.4 Paley Perthes exercises: patients and parents are taught to do these exercises two to three
times daily to obtain and maintain hip mobility. Standing wide abduction (left), maximum flexion
(knee to chest) (top center), hip hyperextension (top right), maximum internal rotation (bottom
center), maximum external rotation (bottom right). ((C) Dror Paley. Used with Permission)

distraction at half a mm per day until Shenton’s line was over-reduced. The external
fixator remained in place for 4 months. All the data were collected for clinical docu-
mentation in a prospective fashion by the treating author. All patients, while under
general anesthesia, underwent intraoperative arthrography of the hip at the time of
external fixator application and post-distraction arthrography of the hip at the time
of fixator removal. Patients were examined every 6 months for the first 2 years and
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then annually for the remainder of the study period. Clinical observations were
evaluated and recorded by the senior author at each follow-up visit and included
subjective pain and activity levels, bilateral hip range of motion (flexion, fixed flex-
ion deformity, abduction, adduction, prone internal and external rotation), knee
range of motion, Trendelenburg test, clinical gait assessment, and anteroposterior
plus frog leg view pelvic radiographs. The average time from surgery to most recent
follow-up visit was 6.7 years (range, 3.5-13.4 years). The clinical evaluations and
final follow-up radiographs were tabulated and analyzed.

Based on the total arc of hip range of motion, a clinical sphericity index was
calculated to describe how close the hip motion was to being spherical. This index
was calculated by dividing the total arc of motion in all three planes of motion
(flexion-extension, abduction-adduction, and internal-external rotation) of the dis-
eased hip by 270 degrees, which is the average normal total hip range of motion.
The clinical sphericity index is expressed as a percentage of normal total range of
motion. The hip was considered to move spherically if the index was greater than
two-thirds (67%) of the normal range.

We also calculated the sphericity of the femoral head using measurements
derived from pre- and post-distraction arthrograms. The ratios between the largest
diameter of the femoral head divided by the lesser diameter (two times the lesser
radius, perpendicular to the largest diameter and bisecting it in its middle) on the
anteroposterior and lateral view arthrograms were added together and divided by 2
to calculate an index. A normal index for a spherical femoral head is 1 [15]. The
closer the index is to 1, the more spherical is the head. The initial and final arthro-
gram ratios were compared.

The final follow-up radiographs, including those of patients who were not skel-
etally mature, were graded using the Stulberg [16] classification system. The fol-
lowing radiographic parameters were measured on the preoperative and final
radiographs for the operated and normal hips: sharp acetabular angle, central edge
angle, proximal migration of Shenton’s line, and distance of the medial border of
the femoral head from the tear drop. Closure of the proximal femoral physis on the
normal side was noted and considered to be evidence of hip skeletal maturity. A
premature closure of the diseased hip physis relative to the normal hip also was noted.

Fifteen patients had complained of varying degrees of pain before surgery. At
final follow-up, only one patient complained of mild pain that did not require anal-
gesics and did not interfere with daily activities. All patients returned to full school
and/or work activities, including sports without limitation. All patients expressed
satisfaction with the results and indicated vast improvement in their function com-
pared with their pre-treatment abilities. Fifteen patients walked with a limp before
the operation, compared with only one patient who walked with mild lurch gait at
final follow-up. Fifteen patients had positive Trendelenburg sign before the opera-
tion, compared with only one with positive Trendelenburg sign at final follow-up.
All patients had full ipsilateral knee range of motion before surgery and at final
follow-up.

All our patients experienced marked limitation of motion on the affected side at
presentation. At final follow-up, the mean flexion-extension arc of motion was 100
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degrees (range, 90—130 degrees). The mean abduction-adduction arc of motion was
54 degrees (range, 25-75 degrees). The mean internal-external rotation arc of
motion was 58 degrees (range, 0-90 degrees). The mean total hip arc of motion was
214 degrees (range, 115-285 degrees). The mean arc of motion for the treated hip
was 79% of normal (range, 43—100%). At final follow-up, 16 of 18 hips that under-
went hip joint distraction had their range of motion restored to at least two-thirds
normal; two hips had a range of motion below functional range.

During distraction, early, rapid osteoporosis of the femoral head was consistently
observed, revealing sclerotic dead bone. This was followed by gradual ossification
of the lateral pillar, which usually was completed by 4 months. All patients except
two underwent external fixator application after femoral head collapse and during
the resorption phase. Two patients underwent application of the external fixator just
after the initial subchondral fracture. In both of these cases, the femoral head re-
collapsed after fixator removal and subsequently went through a resorption phase.
One of these patients underwent a second distraction treatment, and complete suc-
cess was achieved the second time.

At the most recent follow-up visit, nine patients had reached skeletal maturity as
judged by closure of the femoral capital epiphysis in the normal hip. Three hips
showed signs of premature physeal closure on the operated side. The mean preop-
erative Sharp acetabular angle was 45 degrees (range, 40-50 degrees) and at final
follow-up was 44 degrees (range, 35-50 degrees). The mean preoperative center
edge angle was 19 degrees (range, 0-30 degrees) and increased to 24 degrees (range,
15-35 degrees) postoperatively. The difference between pre- and postoperative
Sharp acetabular angles was not significant (P = 0.094); the increase in the center
edge angle after treatment was marginally significant (P = 0.051).

The mean proximal migration measured as a break in Shenton’s line was 7 mm
(range, 0—14 mm) preoperatively and improved to 2 mm (range, 0—12 mm) at the
most recent follow-up visit. This difference was statistically significant (P = 0.002).
The average distance from the medial femoral head to the teardrop was 13 mm pre-
operatively (range, 8—16 mm) compared with 11 mm (range, 6—18 mm) postopera-
tively, which was statistically significant (P = 0.022). The mean radiographic
sphericity index improved from 1.29 (range, 1.1-1.6) at the time of frame applica-
tion to 1.17 (range, 1.0-1.59) at the time of frame removal, which was statistically
significant (P = 0.001). The Stulberg [17] classification based on the most recent
radiographs was as follows: Class I, one hip; Class II, five hips; Class III, eight hips;
and Class 1V, four hips.

Complications

Most patients developed minor pin tract infections, which were successfully treated
with oral antibiotics. The fixator on one patient had to be removed after only
2 months because of severe pin tract infection. This patient developed recurrent
stiffness and subluxation of the hip after the first removal. After the second treat-
ment, the patient was able to maintain a mobile hip with spherical hip motion.
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One patient sustained a fractured neck of the femur caused by a fall on the day of
fixator removal. The fracture was treated by screw fixation and healed uneventfully.

Two patients each underwent a second application of the fixator for contralateral
Perthes disease at 3 years and 3 months and at 1 year and 4 months, respectively,
after the index distraction treatment. One patient underwent treatment of Perthes
disease shortly after a subchondral fracture of the hip. The course of treatment by
distraction was uneventful. However, after fixator removal, the femoral head pro-
ceeded to undergo resorption, collapse, and subluxation. Reapplication of the exter-
nal fixator a year later, during the maximum resorption phase, led to an excellent
final result.

As an addendum to this study, I decided to review the radiographs and results of
as many patients that could be located in 2009. This represented a 20 year follow-up
on the earliest patient. Only 13 of the total hips and 11 of the total patients could be
found. All of the Stulberg 4 cases were in the follow-up group. It is interesting to
note that all of the Stulberg 4 cases had evidence of degenerative changes, while
none of the Stulberg 1, 2 or 3 cases did. Only two of the four Stulberg 4 cases were
symptomatic, while the others were not. Femoroacetabular impingement (FAI) was
present in all of the Stulberg 3 and 4 cases reviewed. We were unaware of FAI when
we first conducted this study. Some of the Stulberg 3 cases were subsequently
treated by femoral head reduction osteotomy. The Stulberg grade did not change at
final follow-up in 2009. The result grading also did not change since the two painful
Stulberg 4 cases were the same symptomatic cases in the original study. It is clear
that the four Stulberg 4 cases will all require a hip replacement. It is likely that the
Stulberg 3 cases will require some treatment for FAI which could include hip
arthroscopy or surgical dislocation of the hip with osteochondroplasty or femoral
head reduction osteotomy [17].

Discussion

The natural history of Perthes disease and avascular necrosis of the hip joint is
directly related to patient age at time of disease onset and amount of femoral head
involvement [18-21]. Older age and whole femoral head involvement are poor
prognostic factors [22-25]. Treatment by bed rest, non-weight bearing, and abduc-
tion orthosis is of limited value and is not well tolerated [1, 2, 8, 26, 27]. Range-of-
motion exercises and various forms of surgical containment have constituted the
mainstay of treatment for Perthes disease [28-30] that for children older than
6 years, any method of treatment offers a better prognosis than no treatment.
Containment treatment in patients older than 11 years leads to only 40% satisfactory
results [12, 14] compared with an overall age-independent success rate of
70-90% [18].

Stiffness, subluxation, and femoral head collapse are considered contraindica-
tions to surgical containment treatment. Therefore, the worst cases often are not
treatable with containment. Abduction bracing is a nonsurgical containment treat-
ment method. It is fraught with problems of noncompliance, especially in older
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children, and can lead to hip stiffness unless prescribed in conjunction with aggres-
sive physical therapy [27]. Varus femoral osteotomy can achieve the greatest degree
of femoral head containment [3]. The resulting coxa vara deformity may not remodel
and therefore may produce a long-term limp due to abductor muscle dysfunction
because the abductor lever arm and muscle tension are altered [31]. A pelvic oste-
otomy alone for containment is more limited in its amount of coverage [32, 33]. All
these methods are contraindicated if the hip is stiff, especially if it cannot abduct
sufficiently; these hips are suitable for a salvage procedure.

Both varus femoral and pelvic osteotomy methods distort the anatomy and have
limited ability to change the shape of an already collapsed femoral head or to reduce
subluxation [28].

The distraction we describe is not limited by hip stiffness, degree of femoral
head deformity, or subluxation. Although distraction is performed with the hip in 15
degrees of abduction, the primary goal is not containment. The epiphyseal cartilage
of the femoral head is not primarily damaged from the loss of circulation to the
femoral head. Instead, it reacts by proliferating outside the acetabulum, leading to
coxa magna and lateral ossification. The cartilage also proliferates medial to the
femoral head when the femoral head has migrated laterally, and superiorly [15]
proliferation or ossification is not observed superior to the femoral head, where it is
in contact with the acetabulum. Because the femoral head cartilage seems to have
the potential to grow in the unstressed regions inside and outside the acetabulum, I
postulated that if the femoral head were pulled away from the acetabulum and kept
there, the epiphyseal cartilage might proliferate into the acetabulum and fill the
space created by the previous collapse. The acetabulum would act as a sort of mold
for the femoral head. In many ways, this is similar to the theory behind containment.
Pulling the femoral head down also would reduce the apparent subluxation of the
hip, especially the break in Shenton’s line. In cases in which collapse has not
occurred or has not progressed to maximum, dead bone may be resorbed under the
protection of the distractor. If the distractor remains in place long enough, new bone
formation can replace removed bone, preventing collapse after fixator removal.
Herring [14] noted that once the lateral pillar has re-ossified, no further collapse is
to be expected. Therefore, we chose re-ossification of the lateral pillar as a satisfac-
tory end point for fixator removal.

The radiographic findings obtained during distraction revealed very rapid pro-
gression of osteoporosis of the femoral head and neck. The dead bone could readily
be distinguished from the live bone by its white sclerotic appearance; the remainder
of the femoral head and neck appeared osteoporotic. At approximately 6—8 weeks
after surgery, new ossification of the lateral pillar was observed. The lateral pillar
was fully reconstituted by 4 months after initiation of the distraction treatment. In
children older than 12 years, this took up to 5 months.

Mose [34] and Stulberg [16] showed that femoral head sphericity and congru-
ency with the acetabulum are directly related to the long-term prognosis. Distraction
leads to improved femoral head radiographic sphericity. Our results documented an
average sphericity index improvement from 1.29 before treatment to 1.17 at frame
removal, indicating increased roundness of the head and improved joint
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congruency. These findings were corroborated by the clinical range-of-motion
results. All our patients experienced improved hip range of motion with distraction
treatment. The clinical sphericity index increased, on average, to 79% at last follow-
up. If we can assume that when something moves like a sphere, it must be shaped
like a sphere, it can be said that most of these hips demonstrated spherical three-
dimensional motion.

We also observed that distraction did not change the shape of the acetabulum, as
evidenced by the lack of change in Sharp angle. The position of the femoral head in
the acetabulum, as judged by the center head angle, did change. In 12 of 18 cases,
sustained reduction of a previously subluxed femoral head occurred, as revealed by
a reduction of Shenton’s line and a decrease in lateral migration distance. This, too,
is consistent with improved hip biomechanics and presumably improved longevity
of the hip.

Clinically, the patients were active and had little if any gait abnormality, pain, or
weakness after distraction treatment. At the most recent follow-up examinations, all
except one of our patients was free from pain, limp, and Trendelenburg sign. All of
our patients could walk normally and took part in normal daily activities, including
sports, and were happy with their outcomes. Considering that 12 of 16 patients in
this study were older than 8 years and that 7 were older than 10 years, the prognosis
expected with conventional treatment would not be so favorable. Our overall results
with distraction were 95% satisfactory based on pain and limp. Containment of the
hip by femoral osteotomy, when performed in older patients with hip subluxation,
may cause an “incongruent incongruency’ situation and worsen the condition of the
joint [35-37].

Distraction treatment of the hip has been termed arthrodiastasis and has been
used for stiffness of the hip after trauma, chondrolysis, slipped capital femoral
epiphysis, avascular necrosis, Perthes disease, and other conditions [38, 39]. Often
combined with capsulectomy and arthrolysis, it has not been used as the primary
treatment for Perthes disease [38] . One study showed unsatisfactory results of such
an application that included use of an Ilizarov external fixator without a hinge [40].
The authors who presented that study have since adopted the hinge distraction
method reported herein for the primary treatment of Perthes disease and have
achieved vastly improved results Guarniero [41] presented the results of a compara-
tive study of two groups of patients diagnosed with Perthes disease, treated by varus
femoral osteotomy or hip joint distraction. They reported consistently good results
for both groups of patients and noted that the femoral head underwent remodeling
faster in the patients treated by hip joint distraction.

Segev who learned this technique during his fellowship with Paley reported on
16 of his own patients with Perthes treated by distraction. The average age was
12 years, which is a much older group of patients than most and therefore would be
expected to have a very poor prognosis. All patients had improved range of motion
and improved pain scores. This demonstrated improved prognosis over that expected
for such an older group of patients [42—44].

Minimal interference with osseous architecture and relative simplicity of hip
joint distraction combined with a low complication rate renders this treatment an
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attractive alternative for more advanced and later-onset cases of Perthes disease.
According to Stulberg et al. [17], the most important prognostic factor that affects
outcome is residual deformity of the femoral head, coupled with hip joint incongru-
ity. Class I and II spherical hips are compatible with normal longevity of the hip;
Class IIT and IV hips with aspherical congruency usually deteriorate during the sixth
decade of life; and Class V hips with incongruity usually degenerate by the fourth
decade. This series did not include any cases of incongruity (Class V). Six spherical
hips (Class I and II) and 12 aspherical congruity hips (Class III and IV) were
included. The long-term prognosis for these patients, therefore, is relatively good,
considering that 8 of 18 hips were in patients who were older than 9 years at onset
of disease.

In the author’s series, we proceeded with treatment once stiffness, subluxation,
and collapse were evident in the presence of whole-head involvement in all except
two cases in which the treatment was performed immediately after subchondral
fracture occurred. The femoral head went on to re-collapse after fixator removal in
both patients. One of them underwent reapplication of the fixator and a second dis-
traction treatment without tendon release more than 1 year after the first distraction
treatment; a satisfactory result was achieved. Another patient also underwent a sec-
ond distraction treatment. This patient was a boy who suffered severe deep soft tis-
sue infection of the pelvic pin sites because of poor compliance and poor personal
hygiene. For the second distraction treatment, he was treated at a pediatric rehabili-
tation center; no subsequent difficulty occurred at the pin sites, and an excellent
result was achieved after the second treatment. The final results in both of these
cases were as good as those achieved by the remainder of the patients after success-
ful one-time treatment. Because distraction does not distort the anatomy, it can be
reapplied if it fails the first time. In retrospect, both of the reapplications were avoid-
able (too early treatment in one case and poor home hygiene in the other). Based on
our results, we conclude that immediately after subchondral fracture is too early to
apply treatment. Treatment should not be implemented until femoral head resorp-
tion is evident, with or without subluxation and collapse. Ideally, the best timing for
distraction is 1 day before collapse would occur. Of course such timing is impossi-
ble to determine. As such, distraction should be applied during the resorption phase,
preferably prior to collapse. Once collapse occurs, the femoral head is misshapen.
Distraction or not the femoral head cannot be returned perfectly to its precollapse
shape. Applying distraction as soon as possible after collapse gives the best chance
of returning it to as close as possible to its precollapse shape.

Although we did not have a control group at our institution and because most
other clinical series would have considered many of the cases in this series to be too
severe for conventional containment approaches, we think it is reasonable to con-
clude that hip joint distraction combined with adductor tenotomy and psoas reces-
sion leads to results that are as good as or better than the results of traditional
containment treatment methods for patients with Perthes disease and for patients
with avascular necrosis after slipped capital femoral epiphysis. In contrast the study
previously referred to by Guarniero did have a control group of patients treated by
varus osteotomy. The healing of the Perthes head involvement was twice as fast in
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the distraction group as in the varus osteotomy group. This finding was similar to
the results observed in this study. A major advantage of hip joint distraction is that
it is indicated even in cases in which marked stiffness, subluxation, or deformity of
the femoral head is present and is not contraindicated for older children. Distraction
treatment is particularly indicated for older children with more severe at-risk and
poor prognostic signs. In conclusion, distraction treatment offers many theoretical
and practical advantages over conventional containment treatment approaches and
is a valuable addition to the armamentarium of the orthopedic surgeon who is faced
with managing the difficult problem posed by Perthes disease.

Finally, although the sphericity of the femoral head is improved with distraction,
once the femoral head is larger or misshapen into a more ellipsoid or saddle shape,
it will ultimately suffer from femoroacetabular impingement. This will lead to pain,
labral tear, and joint degeneration. Joint distraction is therefore not the definitive
treatment to prevent arthritis of the hip. It is a good alternative to femoral and pelvic
osteotomies and is this author’s preferred method of treatment for whole-head
involvement cases during the resorption phase, which lead to subluxation and col-
lapse of the femoral head. Once the femoral head is fully ossified, and the final
shape can be determined, the only treatment that can restore sphericity to the femo-
ral head is the femoral head reduction osteotomy [17]. Therefore, hip distraction can
be considered a temporizing method to treat Perthes at an earlier stage irrespective
of age and prevent fixed subluxation and more severe deformation of the femoral
head. The more definitive joint preservation treatment however is femoral head
reshaping by surgical hip dislocation with osteochondroplasty or femoral head
reduction osteotomy.
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Disease
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Introduction

The goal of treatment in Legg-Calvé-Perthes disease (LCPD) is to prevent defor-
mity of the femoral head and henceforth prevent degenerative changes of the hip in
adult life, which could manifest itself at an early age [1-3].
The basic principle of treatment is the prevention of abnormal forces acting on
the femoral head during its vulnerable phases of revascularization and bone healing.
The four basic goals of treatment are:

. To eliminate hip irritability

. To restore and maintain a good range of hip motion

. To prevent femoral head extrusion and subluxation

. To obtain a femoral head as spherical as possible when healed

O R S

The selected method depends upon several factors:

(a) Clinical symptoms and physical findings
(b) Radiographic femoral head appearance
(c) Parents’ ability to carry out treatment

It is possible to conclude that the main focus of the treatment of LCPD is to allow
repair of the femoral head under optimal biomechanical conditions. When surgical
treatment is indicated, it should interfere as little as possible with the child’s psy-
chological and physical development.
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The contemporary concept of treatment is containment of the head deeply within
the acetabulum. This may, during the phase of softening, allow the anterolateral seg-
ment of the head to be molded by the socket and prevented from bulging outwards,
as discussed by Lloyd-Roberts and Fixsen [4].

Either the surgical procedure of osteotomy of the pelvis or femur can be used to
obtain femoral head containment. The osteotomy can be a femoral varus osteotomy
or the innominate Salter osteotomy of the iliac bone with similar results [5, 6].

Varus osteotomy has been used in this hospital since 1965. In three previous
studies done at our institution, Cordeiro [7, 8] and Guarniero et al. [9, 10] analyzed
the role of intertrochanteric osteotomy of the femur in the treatment of 52 cases of
LCPD showing 56.6% of good and fair results and few complications. The main
conclusion of these studies is that the age of the patient influenced the results.
Patients operated upon the age of 9 years or older had poor radiologic and clinical
results. The intertrochanteric varus osteotomy is a good method of treatment for the
ages of 4-9 years old. The varus osteotomy may avoid or delay the appearance of
osteoarthritis of the hip [9, 10].

The choice of the type of osteotomy should take into account several factors,
among them, the patient’s age and the surgeon’s experience. Many papers do not
show significant difference in the results among the two types of osteotomy, femoral
varus or acetabular. Furthermore, according to Joseph et al. [11], femoral osteotomy
seems to be more reliable.

Trying to improve the outcome in LCPD, we started using the arthrodiastasis of
the hip with an external monolateral fixator, creating negative pressure over the
avascular femoral head in the active phase of the disease [12]. According to Paley
[13] cartilage in LCPD is very bioactive and tends to proliferate in unloaded regions
of the hip joint, and the distraction obtained with the external fixator takes the load
off the femoral head, creating a space for the proliferation of the cartilage and shap-
ing itself to the acetabular cavity.

Arthrodiastasis of the hip is a relatively new method of treatment. It does not
change the anatomy of the joint. It provides a way to bypass loading forces of the
joint which negates the harmful effect of stress on articular surfaces thereby pro-
moting healing of the areas of necrosis.

We have been applying this method since 1992 as an alternative to femoral oste-
otomy in surgical treatment for LCPD [12].

Femoral Varus Osteotomy
Indication

The main indication for a femoral osteotomy is the tendency for lateralization of the
femoral head and when the proximal femoral epiphysis is seen well contained in the
abduction on the radiographic image. In this situation, containment can be achieved
by varus intertrochanteric osteotomy with or without rotation as described by
Axer [14].
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According to Chung [15] varus osteotomy is used in patients with LCPD to con-
tain the femoral head by rotating it medially so the articular margin falls within the
acetabulum lip and the osteotomy redistributes pressure by shifting the weight-
bearing surface to the lateral, usually intact, femoral head margin.

Varus osteotomy alone is contraindicated if the femoral head is severely sublux-
ated and the lateral margin of the head cannot be contained within the lateral acetab-
ular lip. The procedure is also contraindicated in severe coxa magna in which coxa
vara is already present.

Using the Catterall [16] classification, the indication for surgery is mainly
reserved for cases in groups III and IV, “at risk,” in older children, generally over
8 years old.

The indication for surgical treatment in the younger child is based on the pres-
ence of the so-called radiographical “risk factors.”

Surgical Technique Considerations
The surgical technique follows three main points:

1. Intertrochanteric varus osteotomy
2. Medial displacement of the femoral shaft
3. Bone fixation with a metallic plate and screws

The varus angulation should be no less than 110 ° but should allow containment
of the femoral head epiphysis.

The osteotomy is usually held securely with threaded screws and a side plate or
blade plate. Cordeiro [7, 8] described the fixation with Ottolenghi’s plate (Figs. 8.1,
8.2, 8.3, 8.4, and 8.5).

After operation the patient is kept in a cast, a 1Yz hip spica, for 6-8 weeks.

After cast removal the patient remains another 6 weeks in touch weight bearing
with crutches.

The patient must be examined every 4 weeks after the operation.

Advantages of Femoral Varus Osteotomy

e The proximal femoral osteotomy decompresses the head.

e The surgeons usually are very well familiarized with the technique.
Disadvantages of Femoral Varus Osteotomy

e This type of osteotomy requires internal fixation and subsequent plate removal.
e In some cases is observed a slight shortening of the operated leg (femur).
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Fig. 8.1 Patient aged
8 years. Catterall IIT

Hip Distraction: Arthrodiastasis

Hip distraction is a relatively new method for the treatment of Legg-Calve-Perthes
disease (LCPD). The technique has been used in this institution for LCPD since
1995, and the results are very promising [12, 17, 18] .

We agree with Hosny [19] that joint distraction attempts to neutralize muscular
and weight-bearing forces on the femoral epiphysis, induce neovascularization, and
prevent head deformation. Another advantage of distraction is that it does not
change the anatomy of the proximal femur in patients with LCPD. Hip distraction
seems to be a valid treatment option for LCPD patients where poor results are
expected from conventional treatment.
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T —————

Fig. 8.2 Cordeiro’s technique for femoral varus osteotomy
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Fig.8.3 Same patient.
Long-term result

Fig. 8.4 Patient male
10 years and 5 months of
age. Catterall IIT
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Fig. 8.5 Five years after
operation. Good result

Our protocol for hip distraction is unilateral disease, active phase of the disease
(necrosis or fragmentation), age of the patient above 6 years, Catterall groups III
and IV, and hip subluxation under 50% [12].

The distraction can be done with a monolateral external fixator (Fig. 8.6) or with
a circular framed Ilizarov’s fixator (Fig. 8.7). In Figs. 8.8, 8.9, 8.10, 8.11, 8.12, 8.13,
8.14, and 8.15 are illustrated the main points of the surgical procedure. Note in
Figs. 8.8, 8.9, and 8.15 is an important step of the procedure — the correction of the
Shenton’s line.
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Fig. 8.6 Example of
distraction with a
monolateral external
fixator. The arrow points to
“new bone formation” just
after 1 month of distraction

Fig. 8.7 Example of
distraction with an
Ilizarov’s circular
external fixator




8 Comparison Between Distraction and Femoral Varus Osteotomy in the Treatment... 123

Fig. 8.8 Shenton’s line
just before distraction

Fig. 8.9 Immediate
postoperative. Correction
of the Shenton’s line

Fig. 8.10 External
monolateral fixator in place
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Fig.8.11 The procedure
is controlled by image
intensifier

Fig. 8.12 Positioning the
proximal pair of
Schanz screws

Comparison Between Distraction and Femoral
Varus Osteotomy

Between 1995 and 1998, a prospective comparative study was done in this service
aiming to evaluate the time period of femoral head reossification (remodeling)
between two groups of patients (“FVO” and “distraction””) with LCPD submitted to
surgical treatment. In the “FVO group,” 18 patients were submitted to femoral varus
osteotomy; and in “distraction group,” 18 patients were submitted to hip distraction
with a monolateral external fixator.
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Fig. 8.13 Beginning of
the distraction

Fig.8.14 The end of the
distraction

This study was approved by the Institutional Review Board on Ethics and
Research of this university. The indication for surgical treatment was exactly the
same in both groups: all patients aged 6 years old or above, presenting unilateral hip
involvement with pain and decrease in the joint motion. The patients were in
Catterall groups III or I'V. In Table 8.1 is shown the result concerning the time period
of femoral head reossification.

The time period for new bone formation has been shortened with the usage of
distraction with a monolateral external fixator. The average period with distraction
was 3.16 months and with femoral varus osteotomy was 7.16 months. In Table 8.2
is shown the evaluation concerning Stulberg’s classification, at skeletal maturity.

From this study we concluded that distraction is a viable alternative in the treat-
ment of LCPD and tends toward better healing and radiographic outcome than VDO.
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Fig.8.15 Note the
overcorrection of the
Shenton’s line (arrow)

Table 8.1 Time period Time period (months) FVO group Distraction group
for femoral head reossifica- R it s 4 2
tion (months) Maximum 11 4.5

Average 7.16 3.16

Table 8.2 Stulberg’s classification at skeletal maturity of both groups

Group FVO Distraction Total
1 2 1 3

11 5 11 16
111 8 1 9
v 3 4 7
\'% 0 1 1
Total 18 18 36
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Femoral Head Reduction Osteotomy 9
for Coxa Magna and Nonspherical

Femoral Head for Legg-Calvé-Perthes

Disease

Dror Paley

Femoral head sphericity is the key to joint preservation and longevity in Perthes
disease. There is no controversy that a spherical femoral head has the best prognosis
after Perthes disease [1, 2]. The Stulberg classification correlates well with natural
history after Perthes disease [1]. Stulberg Class I and II are both spherical femoral
heads. Stulberg Class III, IV, and V are all aspherical elongated femoral heads all
referred to as coxa magna but also described as ellipsoid, mushroom shaped, saddle
shaped, flattened, etc. Although a Class III has a better prognosis than a Class IV or
V, they all lead to pain, femoroacetabular impingement, labral tears, degenerative
changes to the femoral head and acetabulum, and loss of range of motion and limp.
Most have symptoms as early as the teen age years, although radiographic degen-
erative changes may not manifest in Class III for two or three decades. The goal of
containment and distraction treatment by brace/osteotomy or external fixation
respectively is to prevent or reverse loss of sphericity of the femoral head. Once it is
present at the end of treatment, it leads to damage to the labrum and joint cartilage.
Until recently, restoring the sphericity of the femoral head was not an option.
Cheilectomy [3] and valgus osteotomy [4] were considered salvage procedures
which produced short term benefits.

More recently, safe surgical dislocation combined with relative neck lengthening
and trochanteric transfer have made it possible to improve reshaping techniques of
the deformed femoral head [5, 6]. Osteochondroplasty of the anterolateral femoral
head may be indicated, especially if the remainder of the femoral head is spherical
and lacks degenerative changes. Unfortunately, the majority of cases of deformed
femoral heads have degenerative changes corresponding to contact with the rim of
the acetabulum, while the more anterolateral extruded femoral head has well pre-
served excellent hyaline cartilage covering it. In such cases osteochondroplasty
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would resect the healthy cartilage while preserving the degenerated cartilage. This
may explain why ‘cheilectomy’ usually failed for Perthes disease [3].

In 2001, Reinhold Ganz from Bern, Switzerland, performed an intra-articular
osteotomy of the central third of the femoral head and reduced the lateral cartilage
to the medial preserved portion of the femoral head [5]. The lateral segment of the
femoral head was mobilized on its vascular pedicle. The vascular pedicle to the
medial femoral head was also preserved. This technique is ideal for the femoral
head deformity following Perthes. As mentioned above, the lateral part of the femo-
ral head usually has well-preserved cartilage because it never enters the acetabulum
due to the enlarged femoral head. Meanwhile the adjacent cartilage that is imping-
ing on the acetabular rim is usually damaged and is therefore ideal to be resected.
The sooner this procedure is performed, the less degeneration there is to the femoral
head and acetabulum. For this reason the ideal age to perform this procedure is
before secondary changes occur, such as age 9-16 years. This chapter will examine
the improving and evolving techniques of femoral head reduction osteotomy
(FHRO) and their indications and results [7-10].

Goals of Treatment

e Convert an aspherical shaped femoral head to a spherical shaped femoral head.
¢ Eliminate any residual femoroacetabular impingement by osteochondroplasty.
e Reduction of coxa magna to normal sized femoral head.

e Change from coxa breva to a relatively longer femoral neck.

e Advance the overgrown greater trochanter.

¢ Identify and repair labral tear.

e Restore normal femoral head coverage.

Treatment Strategy

e Determine preoperatively whether the elongation of the femoral head is perpen-
dicular to the femoral neck or not (Fig. 9.1). If perpendicular then a Ganz-type
(Fig. 9.2a) FHRO is preferred, while if it is more horizontal, then the Paley type
is preferred (Fig. 9.2b)

e Determine preoperatively whether this is a type A or type B (Fig. 9.3a, b). Type
A requires a uniplanar reduction with parallel bone cuts, while type B requires a
biplanar osteotomy with convergent bone cuts (wedge resection).

e Measure the opposite normal shaped femoral head and acetabulum and measure
the ipsilateral femoral head and acetabulum.

e Determine the amount of reduction needed on AP and lateral views.

e Plan the amount of transfer needed to move the greater trochanter laterally and
distally so that the tip of the greater trochanter is at the level of the center of the
femoral head and is twice the radius of the femoral head away from the center of
the joint.
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Fig. 9.1 Tllustration of Type 1 elongated femoral head with elongation perpendicular to femoral
neck (left) vs. Type 2 elongated femoral head with elongation not perpendicular to femoral neck.
((C) Dror Paley. Used with permission)

Surgical Details of Femoral Head Reduction Osteotomy

Step 1: Anesthesia, positioning and draping: An epidural is placed by the anes-
thesia service with a catheter running up the back on the nonoperative side. A
urinary catheter is inserted. The patient should be placed on their side on a bean-
bag on a radiolucent table in the lateral decubitus position with the operative side
up. The ipsilateral arm should be appropriately padded and supported on an arm-
rest. An axillary roll is utilized for the arm on the opposite side, and there is soft
protection of boney prominences including the peroneal nerve as it crosses the
fibular neck on the leg that is down. The entire operative side should be prepped
and draped free from the nipple to the toes. The drapes should extend from the
mid buttocks to the scrotal/labial-thigh fold. The lower limb should be com-
pletely free of the drapes. A sterile pocket should be created using drapes or a
special pouch and fixed to the anterior side of the patient in line with the hip.
Place a bump under the operative knee to abduct the operative hip.

Step 2: Incision to and through fascia lata: An approximately 15-cm-long inci-
sion centered on the greater trochanter (GT) is made to and through the fascia
lata (Fig. 9.4a). The fascia is separated from the gluteus maximus (GMax) mus-
cle anteriorly to reflect this muscle posteriorly (Fig. 9.4b, c¢). This avoids splitting
and denervating the anterior portion of this muscle.



GANZ FEMORAL HEAD REDUCTION
HIP POSTERIOR VIEW

PALEY TYPE A FEMORAL HEAD REDUCTION
HIP POSTERIOR VIEW

Fig.9.2 (a) Ganz-type FHRO with cuts parallel to the femoral neck applied to Type 1 and femoral
head elongations. (b) Paley-type FHRO with cuts perpendicular to the femoral head applied to
Type 2 femoral head elongations. ((C) Dror Paley. Used with permission)
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TYPE A TYPE B
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Fig. 9.3 (a) Illustration of saddle shaped right coxa magna, coxa breva with overgrown greater
trochanter. The saddle part of the femoral head is where the femoroacetabular impingement occurs.
(b) Superior view of (i) Type A coxa magna with lateral elongation of femoral head and (ii) Type
B coxa magna with lateral elongation with anterior protrusion. ((C) Dror Paley. Used with
permission)

e Step 3: Trochanteric bursa and piriformis muscle: Enter the trochanteric bursa
(Fig. 9.4¢) and identify the inferior edge of the piriformis tendon and the poste-
rior edge of the gluteus medius muscle (Fig. 9.5a). The posterior border of the
gluteus medius is very distinct. The terminal branch of the inferior gluteal artery
(which anastomoses with the medial femoral circumflex artery) runs along the
inferior border of the piriformis muscle. Also identify the junction between the
gluteus maximus tendon and the posterior edge of the vastus lateralis.
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e Step 4: Retract gluteus medius and minimus muscles: Identify the junction of the
gluteus medius and its underlying gluteus minimus and the superior border of the
piriformis muscle (Fig. 9.5b). The gluteus medius is more superficial than the
deeper piriformis. The piriformis is in a more superficial layer than the gluteus
minimus. The border of these three muscles interdigitate with each other such
that the posterior border of the gluteus medius slightly overlies the superior bor-
der of the piriformis which slightly overlies the posterior border of the gluteus
minimus. Separate and retract distally the superior border of the piriformis from
the posterior borders of the two glutei. Undermine the gluteus minimus to find
the interval between this muscle and the underlying capsule. Insert a Z retractor
into this interval to lift the glutei away from the capsule (Fig. 9.5¢).

e Step 5: Elevate and retract the vastus lateralis: Using a cautery elevate the poste-
rior border of the vastus lateralis off the femur. This is just anterior to the GMax
tendon. Insert a Hohmann elevator to elevate this muscle (Fig. 9.5¢).

* Step 6: Cauterize the posterior border of the GT: Connect a virtual line between
the elevated vastus and the elevated glutei. Use a cautery to mark this line along

4 LATERAL DECUBITUS

© 2017 The Paley Foundation, all rights reserved

Fig. 9.4 (a) Lateral decubitus position with midlateral incision (i). The incision goes straight
through skin, subcutaneous fat (ii), and fascia lata (iii). (b) The fascia is split longitudinally the
entire length of the incision (iv, v) and then separated anteriorly from the underlying gluteus maxi-
mus (GMAX). (c) The gluteus maximus is reflected posteriorly from its anterior edge so as not to
split and denervate it (viii, ix). The trochanteric bursa is opened (x) to expose the greater trochanter
(xi). ((C) Dror Paley. Used with permission)
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Fig. 9.4 (continued)
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INFERIOR GLUTEAL ARTERY
22013 o Py Formbation, o8 righes reserrd

GLUTEUS MINIMUS
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Fig. 9.5 (a) The posterior border of the gluteus medius (GMED) is very distinct. The inferior
gluteal artery helps define the inferior border of the piriformis muscle. The trochanteric branch of
the medial femoral circumflex artery (MFCA) is readily seen on the greater trochanter. The gluteus
maximus tendon is seen inserting into the femur. The Vastus lateralis muscle is lifted off of the
femur. (b) The gluteus minimus can be seen by reflecting the piriformis muscle distally. The
GMED is slightly superficial to the Piriformis which is slightly superficial to the gluteus minimus.
(¢) The space under the gluteus minimus is dissected (i) so that a Z retractor can be inserted
beneath it overtops the capsule (ii). The Z retractor is used to expose the underlying capsule (iii).
A Hohmann elevator is lifting the Vastus Lateralis off the femur. ((C) Dror Paley. Used with
permission)
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the trochanteric ridge. This serves to cauterize the trochanteric vessels which are
branches of the medial femoral circumflex vessels (Fig. 9.6a, b).

e Step 7: GT osteotomy: Use a saw to cut from posterior to anterior along the tro-
chanteric ridge (Fig. 9.6¢). The thickness of the lateral portion of the GT should
be approximately 1.5 cm (Fig. 9.6b). The distal end of the cut should not pene-
trate the lateral femoral cortex to avoid subtrochanteric notching. The plane of
this cut should be in line with the true lateral (maximum profile) of the GT not-
withstanding the rotation at the knee.

e Step 8: Cut the soft tissues around the GT: The soft tissues around the GT should
be cut with a sharp serrated curved scissors. At the proximal end, insert one leg
of the scissors under the gluteal flap and the other end in the osteotomy (Fig. 9.6d).
Orient the curve of the scissors concave toward the femur, to allow them to con-
form to the hip capsule and go around the corner anteriorly (Fig. 9.6e). Make

©2017 The Paley Foundation, all ruw

Fig. 9.6 (a) A lateral view of the greater trochanter is shown with the external rotator muscles
inserting medial to the posterior trochanteric ridge. Underlying these running along the periosteum
is the ascending branch of the MFCA (i) as it courses toward the piriformis fossa and anastomoses
with the inferior gluteal artery. (b) The line for the trochanteric osteotomy is marked with a cau-
tery. This line is defined along the trochanteric ridge between the insertion of the vastus lateralis
distally and the Z retractor proximally. The trochanteric artery is intentionally cauterized. The
thickness of the trochanteric segment is 1.5 cm. (¢) Osteotomy of the greater trochanter is carried
out with an oscillating saw. (d) The mobile trochanter is mobilized by cutting the soft tissues on its
superior, medial, and inferior sides. At the upper end any tendinous extension from the piriformis
is released. (e) The superomedial side of the trochanter is released. (f) The inferomedial side of the
trochanter is released. ((C) Dror Paley. Used with permission)
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Fig. 9.6 (continued)
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Fig. 9.6 (continued)
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Fig. 9.6 (continued)

sure that the piriformis muscle remains posterior to the scissors. The piriformis
tendon should remain connected to the stable portion of the GT with no more
than a third of it still attached to the mobile GT (Fig. 9.6d). Release the part of
the piriformis tendon connected to the mobile GT. Distally, do the same placing
one leg of the scissors between the femur and the vastus and the other leg inside
the osteotomy (Fig. 9.6f). The two cuts will converge on each other and free the
GT osteotomy so it can be “flipped.”

e Step 9: Insert 2 Hohmann elevators: Flex the hip and remove the bump from
under the knee and allow the leg to adduct. Bluntly dissect under the muscle flap
to the anterior inferior iliac spine (AIIS). Place a Hohmann elevator around the
AIIS with care to stay between bone and muscle on the inside of the pelvis
(Fig. 9.7a). Use a Cobb elevator to sweep the gluteus minimus muscle off of the
capsule and lateral wall of the ilium. Impact a Hohmann elevator through the
lateral wall of the ilium to retract the glutei proximally (Fig. 9.7b). These two
elevators, which are 90 ° to each other, stay in place for the duration of the
procedure.

e Stepl0: Z Capsulotomy: Make a Z-shaped capsulotomy. The intermediate limb
of the Z (lateral to medial) is located at 11 o’clock for a left hip and 1 o’clock for
aright hip with 12 o’clock being the top of the hip joint (Fig. 9.7c). Take care not
to cut the labrum (Fig. 9.7d). Make one limb of the Z anterolateral and one limb
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Fig.9.7 (a) The hip is flexed and a Hohmann elevator is inserted around the anterior inferior iliac
spine (AILS). The branch of the lateral femoral circumflex artery should be spared if possible. (b)
The gluteus minimus is elevated off of the capsule and lateral ilium. A Hohmann elevator is
impacted into the lateral ilium to help retract the soft tissues. The two Hohmann’s are 90 ° to each
other and should be retracted separately with separate hands in two different directions for best
exposure. (¢) The Z-shaped capsulotomy has the distal arm lateral and the proximal arm medial. It
is shown for right and left hips. (d) The anterior part of the capsulotomy. (e) After the entire cap-
sulotomy is completed, the hip can start to be dislocated and the ligamentum teres cut with curved
right angle scissors (i). ((C) Dror Paley. Used with permission)
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RIGHT HIP LEFT HIP

1% Incision: lateral to medial at 1 O'clock 1% Incision: lateral to medial at 11 O'clock
© 2017 The Paley Foundation, all rights reserved
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Fig. 9.7 (continued)
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Fig. 9.7 (continued)

posterior-medial. Leave a cuff of capsule at both limbs in order to sew into and
also to preserve the relationship of the capsule to the labrum.

e Step 11: Cut ligamentum teres: To be able to dislocate the hip cut the ligamentum
teres with a long curved scissors (e.g., Jorgenson’s) (Fig. 9.7e).

e Step 12: Dislocate the hip: Flex and externally rotate the hip to dislocate it
(Fig. 9.8).

e Step 13: Resect the ligamentum teres: resect the remnant of the ligamentum both
in the acetabulum and from the femoral head. Clean out the cotyloid notch from
soft tissues (Fig. 9.8).

e Step 14: Inspect and repair the labrum: Inspect the labrum with a blunt hook to
look for a partial or complete labral tear. If the labrum is torn resect and repair
according to the pattern of the tear. Use suture anchors in the acetabular rim to
anchor the labrum back to bone

e Step 15: Measure the size of the acetabulum: Use spherical acetabular sizers to
measure the diameter of the acetabulum (Fig. 9.9a).
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Fig. 9.8 The leg is crossed over the opposite leg and dropped into a sterile bag. The hip is now
dislocated. The ligamentum teres and any pulvinar can be excised. The labrum can be probed for
tears. ((C) Dror Paley. Used with permission)

Step 16: Size the femoral head: Use femoral head spherical templates to assess
the sphericity of different parts of the femoral head (Fig. 9.9b, c), starting with a
template corresponding to the acetabular template. The femoral head can be
sized for its curvature in different planes. Mark the medial femoral head where
the sizer leaves the round. Do the same for the lateral portion of the femoral head.
Using this method the femoral head can be mapped for its sphericity.

Step 17: Retinacular flap: Reduce the hip back into joint. Do a subperiosteal dis-
section of the posterior femur starting at the level of the lesser trochanter and
working proximally up to the level of the piriformis fossa (Fig. 9.10). The reti-
nacular vessels are elevated with the periosteum.

Step 18: Mark the vertical osteotomy lines: Redislocate the hip and mark the
osteotomy lines. There are two osteotomy patterns: Ganz-parallel to the femoral
neck and (Fig. 9.2a); Paley (Fig. 9.2b)- perpendicular to the femoral head.
Furthermore there are two types of osteotomy pairings: (A) parallel cuts
(Fig. 9.11a) and (B) non-parallel cuts (Fig. 9.11b). These are illustrated for the
Paley type but not for the Ganz type since the former is the more common defor-
mity pattern. For both A and B types the final diameter of the femoral head is the
same and should correspond to the template diameter of the acetabulum.
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e Step 19: Mark the horizontal osteotomy line: Mark this line distal enough to
include the anterior part of the piriformis fossa but not too deep to narrow the
femoral neck too much (Fig. 9.11a, b).

e Step 20: Make the vertical osteotomies (Figs. 9.12a—e and 9.13a—e): Use a thin
saw to make the horizontal cut first and then make the vertical cuts. Do not cut
all the way to the posterior head/neck. After making most of the cut with the saw,
complete the posterior part of the osteotomy with an osteotome. Crack the back
of the osteotomy to avoid disrupting any retinacular vessels that may be attached.

e Step 21: Remove the intercalary segment: Remove the middle segment created
by the osteotomies (Fig. 9.12e and 9.13e).

e Step 22: Mobilize the lateral segment: Mobilize the lateral segment by lifting it
from anterior to posterior hinging on the retinacular flap (Fig. 9.14a). Carefully
strip the retinaculum off of the neck to remain on the mobile lateral segment.
This allows it to move from lateral to medial to close the defect without tethering
or tearing the retinaculum (Fig. 9.14b).

© 2017 The Paley Foundation, all rights reserved

Fig.9.9 (a) The acetabulum is sized (i). A femoral head template of the same size as the acetabu-
lum (in this case 46 mm) is used to check the sphericity of the medial femoral head. (b) The femo-
ral head is template along its medial and lateral sides as well as along its medial and lateral superior
surfaces. It is important to note where the femoral head leaves the round. This is shown for Type
A. (¢) The same is done for a Type B case. Note the anterior bump and incongruity. ((C) Dror Paley.
Used with permission)
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Fig. 9.9 (continued)
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TYPEB

Fig. 9.9 (continued)
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Fig. 9.10 The hip is reduced into joint again and the periosteum at the back of the femur is
stripped carefully and extended proximally to help separate the retinaculum from the lateral femur.
This moves the MFCA away from the lateral femur. ((C) Dror Paley. Used with permission)

e Step 23: Reduce the femoral head: Adjust the lateral segment so that the poste-
rior congruity is as perfect as possible (Fig. 9.14b). If there is a step, make sure
it is anterior.

e Step 24: Fix the femoral head with headless screws: Fix the segments with two
parallel k-wires and then measure and drill over these and insert two parallel
variable pitch headless screws(Fig. 9.15a). The variable pitch thread compresses
the intra-articular osteotomy line.

e Step 25: Insert a third headless screw perpendicular to the osteotomy at the base
of the lateral fragment: Drill a wire, cannulated drill, measure, and then insert a
headless screw (Fig. 9.15b).

e Step 26: Osteochondroplasty: Perform an osteochondroplasty on any incongru-
ous anterior aspects of the femoral head to avoid impingement and to eliminate
any incongruity from the reduction.

e Step 27: Insert prophylactic screw for femoral neck: Drill a guide wire from the
fovea retrograde into the femoral neck through the lateral femoral cortex.
Measure and insert an antegrade cannulated screw up the femoral neck
(Fig. 9.15¢, d).
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Fig.9.11 (a) The femoral head is marked at the borders of where it leaves the round based on the
femoral head spherical templates. Since the medial part measures 30 mm and since the total diam-
eter of the reduced femoral head is 46 mm, then the lateral segment should be 16 mm. Since the
coxa magna is Type A, the planned osteotomy lines are parallel. The baseline runs just below the
ridge of the femoral head and distal to the anterior piriformis fossa. It is still superior to the most
posterior piriformis fossa. The stable trochanter will be part of the lateral fragment. (b) For Type B
the two lines are convergent posteriorly. The dimensions of the medial and lateral parts of the
femoral head are the same as for Type A and add up to a 46 mm diameter femoral head. ((C) Dror
Paley. Used with permission)
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Fig.9.11 (continued)




9 Femoral Head Reduction Osteotomy for Coxa Magna and Nonspherical... 151

a

—
r: P ‘

TYPE A | parallel Osteotomy

i © 2017 The Paley Foundation, all rights reserved

© 2017 The Paley Foundation, all rights reserved

Fig.9.12 (a) The osteotomy lines are outlined in white; parallel cuts. (b) The cautery is used to
mark the anterior baseline cut (i). A very thin saw is then used to make the horizontal baseline cut
posterior aspect of the osteotomies and to pry out the intercalary segment (i). (d) The fragment is
sharply dissected off of any posterior retinacular tissues. (e) The intercalary middle segment is
removed. ((C) Dror Paley. Used with permission)
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Fig.9.12 (continued)
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Fig.9.12 (continued)

e Step 28: Resect the stable trochanter: Reduce the femoral head into joint. In this
position, resect the stable trochanter with great care not to damage the retinacular
flap (Fig. 9.16a, b).

e Step 29: Capsular repair: Repair the Z capsulotomy taking up some of the redun-
dancy to prevent subluxation (Fig. 9.17a).

e Step 30: Transfer the mobile trochanter: Fix the mobile trochanter into place
more distal and lateral than before. Aim to lower the tip of the greater trochanter
to the level of the center of the femoral head. Insert two 3.2 mm drill bits and fix
the trochanter at the desired level (Fig. 9.17b). Use another same length drill bit,
to measure the length of each screw and then replace each drill bit with a 4.5 mm
screw with washer (Fig. 9.17c).

Postoperative Care

Place the operative leg on a CPM machine in the recovery room. The patient stays
on CPM for 20 hours a day for about a week. After that they use CPM half the day
on and half the day off and all night long for five more weeks. When ambulating the
patient uses a unilateral hip 5 ° hip abduction brace. Physical therapy is instituted
allowing only passive hip abduction and flexion. No external rotation or adduction
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Fig. 9.13 (a) The osteotomy lines are outlined in white; nonparallel cuts. (b) The cautery is used
to mark the anterior baseline cut (i). A very thin saw is then used to make the horizontal baseline cut
posterior aspect of the osteotomies and to pry out the intercalary segment (i). (d) The fragment is
sharply dissected off of any posterior retinacular tissues. (e) The intercalary wedge shaped middle
segment is removed. This removes the anterior bump with it. ((C) Dror Paley. Used with permission)
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Fig.9.13 (continued)



156 D. Paley

ANTERIOR

POSTERIOR

ii
© 2017 The Paley Foundation, all rights reserved

TYPEB

Fig.9.13 (continued)

past the midline is permitted for 6 weeks. The patient is allowed touch down weight
bearing for 12 weeks using a walker or crutches. Active assisted and active range of
motion is permitted between 6 and 12 weeks. Muscle strengthening and full weight
bearing without crutches begins after 12 weeks.

Postoperative Considerations

After healing of the FHRO, the hip should be assessed for the need for a periace-
tabular osteotomy (PAO). The need for a PAO may be obvious or subtle after the
FHRO. It is not recommended to do the PAO at the time of the FHRO unless there
is gross instability. In most cases the PAO is performed six or more months after
the FHRO.

Leg length discrepancy can be treated by contralateral femoral epiphysiodesis in
skeletally immature patients. Lengthening using an implantable lengthening rod is
another option preferably after skeletal maturity.
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Case Examples

Patient 1 (Fig. 9.18): An 11-year-old girl with history of left sided Perthes disease
since age 6. Previously treated by range of motion but no bracing or surgery. Pre-op
range of motion was 0-90 ° flexion, no internal rotation and 30 ° external rotation,
abduction 10 ° with pain. She had a limp with obvious lurch to the left.

Femoral head was elongated horizontally, not perpendicular to the femoral neck.
A Ganz-type FHRO was performed as one of the author’s first such operations in
2007. Osteochondroplasty was also carried out. The femoral head impingement was
easily seen. The cartilage outside the acetabulum was well preserved, and all of the
degenerative changes corresponded to impingement with the acetabular rim. After
the FHRO the reduced hip did not impinge. Her femoral head shape changed from
a Stulberg class IV to Stulberg Class I after surgery. Postoperative radiographs did
not deteriorate even 10 years after the original surgery. While currently a Paley type

< TYPE A
A ‘ © 2017 The Paley Foundation, all rights reserved
\

Fig. 9.14 (a) The lateral segment is mobilized posteriorly to connect this dissection with the
original retinacular flap dissection. (b) The untethered lateral fragment can now be moved medi-
ally without putting tension on or tearing the retinacular flap. The trochanter moves medially with
the segment which maintains the stability of the retinacular flap. This is shown for both Type A
(upper) and Type B (lower). ((C) Dror Paley. Used with permission)
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Fig.9.14 (continued)
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Fig. 9.15 (a) The lateral mobile femoral head is reduced to the stable medial femoral head.
Priority should be given to matching the posterior aspects of the two parts since the anterior part
can be shaved off with the osteochondroplasty method. Two wires are inserted in parallel to each
other and perpendicular to the osteotomy line. After measuring and drilling, two variable pitch
headless screws are inserted into the femoral head from lateral to medial. (b) A third headless
screw is drilled and inserted perpendicular to the baseline osteotomy. (¢) A wire is drilled from the
fovea down the femoral neck and out the lateral side of the femur. A hole is drilled for a cannulated
screw with a cannulated drill. (d) A cannulated screw is inserted to prevent fracture of the femoral
neck. ((C) Dror Paley. Used with permission)
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Fig.9.15 (continued)
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Fig.9.15 (continued)
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Fig.9.16 (a) The femoral head is reduced into joint. The stable trochanter is excised carefully so
as not to injure the retinacular vessels. (b) A superior view shows the femoral head mostly covered
by the acetabulum after the FHRO. ((C) Dror Paley. Used with permission)
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Fig.9.16 (continued)

L

Fig.9.17 (a) The capsule is closed and any redundant capsule is advanced to maintain joint sta-
bility. (b) The greater trochanter is advanced laterally and distally and then fixed with two 3.2 mm
drill bits. The tip of the greater trochanter should be at the level of the center of the femoral head.
(c) The drill bits are replaced with two 4.5 mm screws with washers. ((C) Dror Paley. Used with
permission)
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Fig.9.18 (a) AP and frog lateral radiographs of pelvis of an 11-year-old girl with left coxa magna,
coxa breva, coxa vara, and overgrown trochanter sequelae from previous Perthes. The elongation
of the femoral head is not perpendicular to the femoral neck. (b) Intraoperative photograph after
trochanteric osteotomy and capsulotomy but before dislocation. Note the amount of the femoral
head that sits permanently outside the acetabulum. This lateral cartilage appears pristine. (c)
Intraoperative photograph showing the indentation of the femoral head created by the labrum and
acetabular rim. This produces the saddle shape. (d) Intraoperative photograph at time of disloca-
tion showing that despite being only 11 years old, degenerative changes already exist in the region
corresponding to the concavity of the femoral head. (e) Intraoperative photograph of the dislocated
femoral head from a superior view. The enlarged lateral portion is too big to enter the acetabulum.
(f) Intraoperative photograph showing anterior profile view. The femoral head has a saddle shape.
The medial part is spherical. The lateral part is also round. The concave central part is misshapen
and had degenerative changes. Performing a “cheilectomy” would remove the lateral part of the
femoral head and leave the depressed, degenerative central part in a weight bearing location. (g)
Intraoperative photograph showing the Ganz-type lateral osteotomy parallel to the femoral neck
but at an oblique angle to the femoral head. The entire piriformis fossa is contained with the lateral
segment. The femoral head template shows where the medial part leaves the round and defines
where to make the medial osteotomy. (h) Intraoperative photograph showing two reference wires
inserted to guide the medial cut (left superior wire) and the resection of the intercalary segment
(right lateral wire). (i) Intraoperative photograph showing the resection of the intercalary segment
after two parallel osteotomies (A type) also parallel to the femoral neck. Notice the narrowing of
the femoral neck over a long length. (j) Intraoperative photograph showing advancement of the
lateral mobile femoral head to the medial stable femoral head. The prominent anterolateral incon-
gruity of the femoral head neck junction will be resected with an osteochondroplasty. (k)
Intraoperative photograph after the reduction from a superior end on view. (1) Intraoperative pho-
tograph showing anterior profile view of the femoral head after the reduction and osteochondro-
plasty. The femoral head sphericity has been restored. (m) Postoperative AP pelvis radiographs
after FHRO. The femoral head is well contained. The lateral portion of the femoral head sits under
the dome of the acetabulum. The femoral head appears round on both AP and lateral views and
would be classified as a Stulberg Class 1 femoral head. (n) Clinical photographs 1 year after sur-
gery showing restoration of full and symmetric range of motion of both hips. (0) AP and frog lat-
eral radiographs of the pelvis 10 years after FHRO. The joint space is well maintained. The femoral
head is perfectly round. The remnant of stable trochanter was never resected and remains like an
exostosis on the femoral neck. She underwent a derotation osteotomy by another surgeon 1 year
prior. It is notable that the acetabulum is dysplastic although she remains completely asymptom-
atic. ((C) Dror Paley. Used with permission)



9 Femoral Head Reduction Osteotomy for Coxa Magna and Nonspherical... 165

Fig.9.18 (continued)
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Fig.9.18 (continued)
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Fig.9.18 (continued)

of FHRO would be performed based on the pathoanatomy, the result from the Ganz
type is excellent. She did undergo a derotation osteotomy of the femur for external
femoral torsion. She has some lack of coverage that may require a PAO in the future.
Arguably she should already have had one except that she is completely
asymptomatic.

Patient 2 (Fig. 9.19): A 15-year-old girl with history of left-sided Perthes disease
since age 8, treated nonoperatively with rest, casting, and physical therapy. She
developed left hip pain a year prior to presentation. The pain was brought on by
activity and prolonged sitting. She had a mild lurch to the left, which got worse as
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Fig. 9.19 (a) Preoperative AP and frog lateral radiographs of 15 year old girl with left coxa
magna, coxa breva, and overgrown trochanter sequelae from previous Perthes. (b) 3D CT AP and
lat views showing left Coxa magna and uncovered, elongated femoral head. The elongation is not
perpendicular to the femoral neck. (¢) Postoperative AP radiograph showing healed Paley-type A
femoral head reduction osteotomy with level of greater trochanter restored and relative neck
lengthening. The femoral head coverage is inadequate and a PAO is required. (d) Final AP radio-
graph after FHRO and Ganz-type PAO. There is excellent coverage of the femoral head. (e) AP
femur radiograph after implantable limb lengthening to equalize limb lengths. The femoral head
remains round, located, well covered, and the hip shows excellent joint space with no degenera-
tion. (f) Intraoperative photograph showing superior view of femoral head after dislocation. The
diameter of the femoral head is measured with a caliper. This is a Type A femoral head with mini-
mal to no cartilage degeneration. (g) Intraoperative photograph showing acetabular sizer in place
(blue). The profile view of the femoral head shows the saddle shape. (h) Intraoperative photograph
showing femoral spherical template corresponding to acetabular size measured. The lateral edge of
the template is where the femoral head leaves the round. A mark should be made in line with this
edge. (i) Intraoperative photograph showing the line and a caliper measuring the width of the
medial femoral head at the point where the femoral head leaves the round based on a laterally
placed femoral head template. (j) Intraoperative photograph showing lateral part of femoral head
measured for the remainder of the diameter of the femoral head after the planned reduction. This
width is marked. (k) Intraoperative photograph showing the femoral head marked with two parallel
lines for osteotomy resection of the central portion of the femoral head (A type). (1) Intraoperative
photograph from anterior view of the femoral head showing the baseline osteotomy perpendicular
to the two parallel femoral head osteotomy lines. These femoral head lines are perpendicular to the
femoral head joint surface and not parallel to the femoral neck. The baseline is extends laterally to
exit into the trochanteric osteotomy. (m) Intraoperative photograph showing the femoral head oste-
otomy is being made with a thin sagittal saw which is being cooled with water. (n) Intraoperative
photograph showing the lateral fragment reduced to the medial fragment and being fixed with a
headless variable pitch screw. Note that the posterior reduction is prioritized. The guidewires for
the headless screws are perpendicular to the intra-articular osteotomy in order to offer maximum
interfragmentary compression. (0) Intraoperative photograph showing the reduced femoral head.
The two headless screws are buried under the cartilage. The posterior femoral head is very congru-
ous and spherical. There is mild anterior incongruity. The lateral femoral protrudes anteriorly
beyond the medial femoral head. (p) Intraoperative photograph showing the anterior femoral head
incongruity. The spherical template rests on the posterior femoral head and demonstrates the step
off relative to the anterior femoral head. (q) Intraoperative photograph of spherical templating of
posterior femoral head at the osteotomy. (r) Intraoperative photographs after osteochondroplasty
resection of the incongruous anterolateral part of the femoral head. ((C) Dror Paley. Used with
permission)
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Fig.9.19 (continued)
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Fig.9.19 (continued)
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Fig.9.19 (continued)
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the day progressed. On examination she had pain on flexion with internal rotation of
the hip. The hip range of motion was flexion 0-90 °, internal rotation 5 °, external
rotation 45 °, adduction 20 °, and abduction 15 °.

The femoral head was elongated horizontally such that the perpendicular to this
axis is not in line with the femoral neck. A Paley-type FHRO was performed.
Intraoperative photographs show the step-by-step measurements confirming this
was a type A. Two parallel cuts were made. An anterolateral osteochondroplasty
eliminated any incongruity from the reduction. Her femoral head would be classi-
fied as a Stulberg Class III before surgery and Stulberg Class I after the FHRO. The
femoral head was insufficiently covered due to previous acetabular remodeling. A
PAO was performed 6 months after the FHRO. The patient currently has no limp or
pin in the hip and has equal and symmetric full hip range of motion to the opposite
side. Final radiographs 2 years after FHRO confirm good reduction, coverage, and
joint space maintenance of the hip joint.

Patient 3 (Fig. 9.20): A 14-year-old boy with history of right-sided Perthes since
age 11, treated nonoperatively by range of motion exercises. He became signifi-
cantly disabled by the progressive collapse and misshapen femoral head. He had a
significant antalgic lurch to the right. On examination his hip flexion was 0-90 °
with obligatory external rotation. He had 45 ° prone hip internal rotation and 10 °
prone hip external rotation. His hip abduction was 15 °. He had a leg length
discrepancy.

Intraoperative photographs confirm that there is ample degeneration in the cen-
tral portion but that the cartilage on the lateral rim is well preserved. The elongation
of the femoral head is not perpendicular to the neck, and there is a large anterolat-
eral bump which makes this a type B. This lends itself to a wedge resection of the
anterolateral bump with nonparallel cuts restoring the femoral head sphericity.
Postoperative radiographs demonstrate the transformation from a Stulberg Class V
to a Stulberg Class I femoral head.

Four years after his Paley-type FHRO, he underwent lengthening with an
implantable limb lengthening device to equalize his limb lengths. Ten years after the
FHRO, he has no pain in his right hip and walks and runs with no limp. He has equal
and full range of motion to his opposite hip. His hip abduction and external rotation
movements increased significantly after surgery. His hip no longer has obligatory
external rotation with flexion. He is showing no signs of any deterioration in the
joint clinically or radiographically.

Pearls and Pitfalls

1. Prognosis improves with better preserved femoral and acetabular cartilage.
Degenerative changes in the non-resected areas theoretically worsen the
prognosis.

2. The younger the patient (age 9-16 years) often the better the outcome.

3. Preoperative planning of the size of the wedge or rectangle to be taken is essen-
tial in aiding operative execution.
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4. The retinacular flap is a key component to the operation and should be performed
in stages as described in the operative discussion.

5. The femoral neck screw protect against fracture of the femoral neck.

6. The capsule at the end of the reduction is capacious and should be advanced to
prevent lateral subluxation.

7. Be certain the trochanter is well fixed. In older/larger patients, three screws are
preferred.

Fig.9.20 (a) AP and frog lateral radiographs of the pelvis at age 11 years, showing Perthes dis-
ease affecting the right hip. There is whole head involvement and early collapse with a break in
Shenton’s line. There is already coxa magna with extrusion of the femoral head (proximal and
lateral migration) and the greater trochanter already appears to be overgrowing and the femoral
neck is already shorter than the opposite side. (b) Preoperative photographs showing hip range of
motion. There is excellent flexion and extension but limited external rotation. There is no photo-
graph of his hip abduction but it is limited. (¢) Preoperative AP radiograph (left) compared to
postoperative AP radiograph (right) after Paley-type FHRO. The femoral head went from a
Stulberg Class 5 to a Stulberg Class 1. (d) Preoperative frog lateral radiograph (left) compared to
postoperative frog lateral radiograph (right) after Paley-type FHRO. The femoral head went from
a Stulberg Class 5 to a Stulberg Class 1. (e) Intraoperative photograph showing superior view of
Type B femoral head. Note the large anterolateral bump. There is already significant damage to the
central femoral head cartilage. Note that the lateral femoral head has excellent cartilage. (f)
Intraoperative photograph showing superior view of the wedge shaped osteotomy resecting the
anterior bump. (g) Intraoperative osteotomy showing superior view with the wedge removed. The
wedge contains the most damaged cartilage. (h) Intraoperative photograph showing superior view
of the osteotomy wedge closed, creating a spherical femoral head. (i) Intraoperative photograph
from anterior view. The spherical template fits perfectly on the femoral head. Notice that the oste-
otomy line is perpendicular to the femoral head and not parallel to the femoral neck (Paley type).
Correspondingly, the baseline osteotomy is perpendicular to the femoral head osteotomy and in
line with the femoral head reduction. (j) Postoperative hip range of motion 10 years after FHRO
surgery and 6 years after leg lengthening surgery showing excellent range of motion with improved
hip abduction and external rotation. The range of motion is now symmetric to the opposite side.
Note there is no lurch or Trendelenburg when in single leg stance (left). (k, 1) Ten-year follow-up
AP (k) and frog lateral (I) pelvis radiographs show excellent preservation of the femoral head
shape and location with no evidence of any degenerative changes in the joint. Arguably, there is
some relative dysplasia of the acetabulum and it would have been reasonable to do a PAO. The
patient remains asymptomatic which is why he has not undergone further surgery. (m) Ten-year
follow-up standing orthoroentgenogram demonstrating equal leg lengths and normal alignment.
((C) Dror Paley. Used with permission)
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Fig.9.20 (continued)
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Fig.9.20 (continued)
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Fig.9.20 (continued)
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8. The presence of an open physis is not a contraindication due to risk of avascular
necrosis as once thought. It is important to close the physis to avoid a bifid femo-
ral head from developing.

9. Both the Ganz and Paley types of FHRO narrow the femoral neck and run the
risk of fracture. It is therefore important to use a prophylactic screw to protect the
femoral neck. The Ganz type leads to a long segment of narrowed femoral neck
thus increasing the lever arm on the narrowed region compared to the Paley type.

Outcome of Ganz- and Paley-Type FHRO

Ganz (2009) [5] reported the results of the first 11 patients treated with the Ganz
FHRO: The patients ranged in age from 9 to 15 years. In three hips, postoperative
instability was treated by a femoral varus osteotomy in two and a periacetabular
osteotomy (PAO) in one to stabilize the hip. Subsequently the next three cases were
treated with PAO at the time of the FHRO. Ganz et al. (2010) [11] reported on their
first 14 FHROs since 2001 (presumably including the 11 patients previously men-
tioned). Eight hips also had a PAO at the same time as the index procedure, while
three had a PAO performed at a later date. In one case a varus intertrochanteric
osteotomy was performed to treat subluxation, and in another a Colonna was per-
formed at the same time. Therefore, only 1 of their 14 cases did not have an addi-
tional procedure. None of the 14 cases developed avascular necrosis. No other
details on this group were reported.

Seibenrock et al. (2014) [9] published a series of 11 hips treated by the Ganz
FHRO. The Ganz osteotomy was used both in cases with elongation of the femoral
head perpendicular to the femoral neck and not perpendicular to the femoral neck.
The mean age was 13 years 6 months (range 7-23 years). Follow-up was a mean of
5 years (range 1-10). The mean extrusion index decreased from an average of
47-21% after FHRO. Ten of the hips were rated as Stulberg Class Il in 5, Class III
in 4, and Class IV in 1. The Merle d’ Aubigne score did not improve from prep to
postop. No hip developed AVN. Five of 11 hips had concomitant pelvic osteotomy
surgery for coverage. Another five hips had a triple pelvic osteotomy an average of
2.3 years after the FHRO. There was an improvement in pain score after surgery.

Paley (2011) [8] reported on 20 cases of Ganz FHRO performed for cases with
femoral head elongation perpendicular and not perpendicular to the femoral neck.
The mean age was 14 years (range 10-23). Fourteen (70%) of the 20 had improved
range of motion, no pain or minimal to no limp and were considered good or excel-
lent (satisfactory) results. Six (30%) of the 20 had significant pain, limp and or
stiffness and were considered fair or poor (unsatisfactory) results. The follow-up at
the time of the report was 2.7 years (range 1-5). Unpublished updated follow-up on
the satisfactory group has shown no deterioration with a mean follow-up of 9 years
with range from 7 to 11 years. Only five cases in this study had a pelvic osteotomy,
all of which were in the satisfactory group. Several appear to be uncovered and
would benefit from a coverage procedure (Fig. 9.18).
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Paley et al. reviewed a second series of FHRO performed between 2010 and
2016 that were no included in the first series (unpublished). There were 25 hips in
24 patients in this second series. During the time of the first series, the author did
not recognize the difference between the Ganz and the Paley type of osteotomy. The
Paley type of osteotomy evolved out of the Ganz type until it became evident that
the two osteotomies were quite distinct and that they each had different indications.
In the second series, the author recognized this distinction and applied the Ganz
osteotomy selectively when the femoral head elongation was perpendicular to the
femoral neck. Similarly, the Paley type of osteotomy was applied when the femoral
head elongation was not perpendicular to the femoral neck. There were 19 Paley
and 6 Ganz FHRO performed. The mean follow-up was 3 years (range 1-6 years).
The Harris hip score improved from 57 to 84 in the Ganz group and 65 to 87 in the
Paley group. Sphericity as defined as mm away from a perfect Mose circle diameter
on AP/LAT view went from 12/9 mm pre-op on Ganz to 8/7 and 12/11 on Paley to
6/6. The extrusion index went from 31% pre-op in Ganz to 13.3% postop vs 34.3%
pre-op in Paley to 18.7% post-op. Using the previous satisfactory and unsatisfactory
result score from Paley 2011, the current results showed 4 satisfactory and 2 unsat-
isfactory for Ganz vs 16 satisfactory vs 3 unsatisfactory for Paley. There were two
cases of AVN both in Ganz osteotomies.

These results suggest that tailoring the FHRO to always be perpendicular to the
femoral head elongation axis may be preferable to always making the osteotomy
parallel to the femoral neck. Critical examination of some of the author’s as well as
Siebenrock’s [9] Ganz-type FHRO when used in cases with elongation not perpen-
dicular to the femoral neck demonstrates less than ideal reshaping of the femoral
head. Furthermore, making the osteotomy parallel to the femoral neck is more limit-
ing in the amount that can be reduced. Osteotomy perpendicular to the femoral head
elongation axis increases the amount that can be reduced safely.

A third technique of femoral head reduction osteotomy was published by Burian
et al. (2013) [10]. They performed an anteromedial wedge resection of the femoral
head. They dislocated the hip through an anterior approach without performing an
osteotomy of the greater trochanter. They then created a wedge with its apex distal
and medial in the calcar region and with its base superiorly in the femoral head. This
allows them to advance the more mobile medial segment of the femoral head toward
the lateral side. No relative neck lengthening or distalization of the overgrown
greater trochanter is possible with this approach. This method does offer two signifi-
cant advantages over the Ganz and Paley FHRO. First it avoids dissection in the
region of the piriformis fossa, thus reducing the risk of avascular necrosis. Second,
in cases with elongation of the femoral head in a more medial direction, which have
a large overhang medially that is not well centered on the femoral neck, both the
Ganz and the Paley FHRO are difficult to perform. This last situation may be the
ideal indication for the Burian FHRO.
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Summary

Surgical dislocation of the femoral head allows for intra-articular osteotomy of the
femoral head and neck to reshape the femoral head and try and restore its sphericity.
This can be accomplished by simple resection of parts of the periphery of the femo-
ral head and neck (osteochondroplasty) or by more complex resection of intercalary
parts of the femoral head and neck (femoral head reduction osteotomy). Due to the
different patterns of deformity of the femoral head, the orientation of the osteotomy
will change accordingly. Three types of FHRO have been developed by different
surgeons, each of which has its own indications. An understanding of these indica-
tions as they relate to femoral head geometry allows the surgeon to base the choice
of osteotomy on pathoanatomy.

Acknowledgments The author wishes to thank Pamela Boullier Ross who illustrated all of the
illustrations used in this manuscript. The author would also like to thank the Paley Foundation for
giving permission to Springer to reproduce these figures in this book chapter.
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Introduction

Legg-Calve-Perthes disease (LCPD) is typically considered an idiopathic avascular
necrosis of the pediatric femoral head. There has been a considerable debate regard-
ing its etiology. Hypotheses include vascular, thrombophilic, inflammatory, and
environmental sources [1-7]. While the inciting insult remains unclear, previous
authors have described the pathophysiologic stages of LCPD at both the micro-
scopic and macroscopic levels.

As elucidated in the previous chapters, the treatment of LCPD traditionally
involves either observation with activity modification or surgery, depending largely
on the patient’s age and stage of the disease [8]. The role of biologic or pharmaceu-
tical treatment in LCPD has not been established. Such medical management could
offer a new strategy or an adjuvant treatment by which to alter the course of the
disorder, especially for those patients who have not yet developed advanced disease.
While the etiology of LCPD has not yet been determined, the known aspects of its
pathophysiology provide opportunities for biologic intervention. Specifically, mod-
ulation of bone resorption, bone formation, and inflammation carry the potential to
alter disease progression.
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Bone Resorption

The fragmentation stage of LCPD is marked by a period of increased bone resorp-
tion. This manifests radiographically as lucencies within the femoral head and can
last between 3 and 12 months before re-ossification begins. During this stage, an
imbalance between bone resorption and formation results in a predominance of
osteoclasts and replacement of necrotic bone with fibrovascular granulation tissue
[9]. The femoral head is thus left vulnerable to further damage with repeated
loading.

Investigators have sought to target bone resorption in order to alter the pathologic
repair process and prevent future deformity. One method by which to accomplish
this goal is modulation of the RANK (receptor activator of NF-kff) and RANKL
(RANK ligand) pathway. Interaction between RANK and RANKL plays a key role
in osteoclast regulation. RANKL is secreted by osteoblasts and binds to the RANK
receptor on osteoclast progenitors and mature osteoclasts to stimulate bone resorp-
tion. In regulation of the process, osteoprotegerin (OPG) binds to RANKL to pre-
vent its interaction with RANK, thereby inhibiting osteoclast differentiation and
activation (Fig. 10.1) [10-13]. The RANK/RANKL/OPG system therefore provides
a potential therapeutic target against bone resorption in LCPD.

RANKL inhibitors such as denosumab have been studied for treatment of post-
menopausal osteoporosis and may prevent resorption in LCPD [14]. Human studies
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Fig. 10.1 Depiction of interactions between RANK, RANKL, and OPG. (a) Binding of RANK to
RANKL stimulates osteoclast activation. OPG binds to RANKL to inhibit this pathway. (b) The
process of bone resorption involves chloride channels and vacuolar adenosine triphosphatase,
among other factors. These may serve as therapeutic targets for the treatment of LCPD in the
future. Abbreviations: avp; avf; integrin, CLCN7 chloride channel 7 (H*Cl~ exchange transporter
7), CSF-1 macrophage colony-stimulating factor 1, CSF-1R macrophage colony-stimulating fac-
tor 1 receptor, MMP-9 matrix metalloproteinase 9, OPG osteoprotegerin, RANK receptor activator
of nuclear factor kB, RANKL receptor activator of nuclear factor kB ligand, TRAP tartrate-
resistant acid phosphatase, V-ATPase vacuolar-type H*-ATPase. (Adapted from Adamopoulos and
Mellins [13])
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are currently lacking, but Kim et al. evaluated the effect of exogenous OPG in 18
male piglets that underwent induced infarction of the femoral head. Radiographic
analysis during the reparative phase of the disease showed improved femoral head
morphology in animals treated with OPG compared to controls. The experimental
group also had a reduction in the number of osteoclasts and better trabecular frame-
work than controls. There was no effect on long-bone growth [15].

Bisphosphonates also modulate bone resorption and present another potential
option in LCPD. These drugs are effective in several adult conditions and show
early promise in post-traumatic avascular necrosis in children [16-19]. They are
currently the most widely studied inhibitor of osteoclastic resorption in LCPD,
though most research has been performed in animal models. Nitrogen-containing
bisphosphonates, the most recent generation of these drugs, inhibit farnesyl pyro-
phosphatase, an enzyme in the HMG-CoA (3-hydroxy-3-methylglutaryl-coenzyme
A) reductase pathway [20]. This inhibits microtubule formation in the ruffled bor-
ders of osteoclasts and induces apoptosis of these cells, thereby decreasing bone
resorption [21].

In a systematic review of the literature, Young et al. found early promise in
bisphosphonate use, though only a few articles met their inclusion criteria. Three
Level IV clinical studies involved bisphosphonate administration in children. While
none of these included patients with LCPD- the etiology of osteonecrosis was post-
traumatic in one and malignancy-related in the others, subjective improvements
were seen in pain and gait in 24 of 29 individuals. Of eight animal studies analyzed
in their review, the authors found that seven found decreased femoral head defor-
mity and six reported improved trabecular structure in subjects treated with bisphos-
phonates [22]. Another review of the literature specific to LCPD reports similar
findings, primarily in animal studies [23]. Therefore, while there is a lack of human
research in bisphosphonate use for LCPD, these drugs show early promise in exper-
imental investigations.

Little et al. studied the effect of zoledronate on the spontaneously hypertensive
rat, a previously established model of LCPD. One hundred twenty rats were divided
into three groups: monthly saline administration, weekly zoledronate, or monthly
zoledronate. Fifteen weeks later, bone mineral density was 18% higher with weekly
zoledronate and 21% higher with monthly administration. “Flat” femoral heads, as
calculated by epiphyseal quotient, were found in 32% of the controls but in only
12% of those rats given zoledronate weekly and 3% of those receiving the drug
monthly. However, a 2.3-2.6% decrease in femoral length was also found in ani-
mals that received zoledronate [24], questioning the impact of bisphosphonates
on growth.

Kim and colleagues stratified 24 piglets into three groups: a control group that
received saline, another that received prophylactic ibandronate (a bisphosphonate)
prior to induction of ischemic necrosis and a third that received ibandronate after
ischemia. At 8 weeks, subjects receiving ibandronate pre- and post-ischemia had
better-preserved femoral head morphology and trabecular framework (Fig. 10.2).
Bisphosphonate use resulted in long-bone growth inhibition in this study as well,
again raising the question of optimal dosage and delivery of the drug [25]. However,
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Fig. 10.2 Representative
images from the work of
Kim et al. demonstrating
femoral head morphology
in piglets that received
saline, prophylactic
ibandronate, or post-
ischemic ibandronate. A
normal, unaffected hip is
shown as a control.
(Adapted from Kim

et al. [25])
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the previously referenced systematic review reported that while decreased long
bone growth was seen in six experimental studies with high-dose bisphosphonates
in fast-growing animals, such growth inhibition has not been seen in human

research [22].

The same authors then evaluated the local bioavailability of parenteral ibandro-
nate in 15 piglets at various stages of femoral head revascularization and repair.
Drug levels were similar to controls when there was no revascularization but
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increased significantly in subjects undergoing revascularization. Therefore, the
optimal timing of bisphosphonate administration might be when revascularization
has begun, as it may not be accessible to a completely infarcted head. Clinically, this
could potentially be confirmed by bone scan or perfusion magnetic resonance imag-
ing [26].

While the above research is promising, the adverse effects and optimal dosing of
bisphosphonates in LCPD remain unclear. Hogler et al. studied the short-term safety
profile of parenteral zoledronate in 34 children with various musculoskeletal disor-
ders. They found that the frequencies of post-infusion flu-like symptoms, hypocal-
cemia, and hypophosphatemia were all above 75%. There were no renal effects after
three infusions. Dosing was between 0.02 and 0.025 mg/kg in 26 patients and
0.05 mg/kg in the other 8. The authors report that side effects were typically stron-
gest after the first infusion compared to subsequent administrations. The electrolyte
abnormalities did not cause symptoms in this cohort, and side effects were easily
managed. The authors suggest that a first dose less than 0.02 mg/kg may be prudent
and that premedication and calcium supplementation should be considered [27].
Along these lines, Munns and colleagues evaluated 63 children who received intra-
venous zoledronate for a variety of conditions. When compared to higher doses, an
initial dose of 0.0125 mg/kg reduced the rate and magnitude of hypocalcemia but
not the incidence of flu-like symptoms [28].

In one of the only studies that include children with LCPD treated with bisphos-
phonates, Johannesen et al. evaluated the systemic effects of zoledronate. Their
cohort included 17 patients with LCPD and 20 with post-traumatic avascular necro-
sis, all of whom were treated for at least 12 months. Children received an initial
intravenous dose of 0.0125 mg/kg, followed by subsequent infusions of 0.025 mg/
kg. Markers of bone turnover were decreased and parathyroid hormone levels
increased during the first 12 months, but subsequently stabilized. Bone modeling
was reduced, but there were no fractures, spondylolisthesis, or osteonecrosis of the
jaw. Importantly, age-adjusted bone mineral density in the lumbar spine and total
body increased significantly, more so in the LCPD group than in post-traumatic
patients. Given this significant increase with concomitant decrease in bone model-
ing, the authors were unable to provide a firm safety profile of zoledronate in chil-
dren with LCPD [29].

Given the concerns about the safety profile of systemic bisphosphonates, Aya-ay
et al. sought to evaluate the effect of ibandronate injected directly into the femoral
heads of 27 piglets. The drug was almost completely localized to the femoral head
48 hours later. At 3 weeks, 50% of the original dose was retained in the femoral
head with 30% remaining after 7 weeks. Radiographic analysis showed that sub-
jects receiving intraosseous ibandronate showed better preservation of the femoral
head than those injected with saline. The authors suggest that while it would be
more invasive than systemic administration, intraosseous bisphosphonates could
provide a safer, more localized treatment option. Furthermore, while the bioavail-
ability of systemic bisphosphonates is dependent on the vascularity of the femoral
head, vascular status does not impact local injection [30].
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Although human studies of bisphosphonates in LCPD are scarce and the safety
profile is just beginning to be defined, experimental studies show early promise.
There is currently a randomized clinical trial in progress in Australia comparing
parenteral zoledronate to standard LCPD treatments (Clinical Trial Registration
ACTRN12610000407099). Such research will help elucidate the efficacy and safety
of bisphosphonate use in LCPD.

Bone Formation

While many experimental models have modulated bone resorption in the biologic
treatment of LCPD, upregulation of bone formation is another potential therapeutic
target. This method could be especially important because while bisphosphonate
treatment preserved the trabecular framework of the femoral head and prevented
further deformity, it was also associated with a lack of bone turnover and remodel-
ing [25]. Along these lines, authors have hypothesized that the addition of anabolic
medications could achieve even better preservation of the femoral head with
improved remodeling.

Several authors have evaluated bone morphogenic proteins (BMPs) in animal
studies. BMPs are osteoinductive proteins produced by osteoprogenitor cells and
osteoblasts to promote differentiation of mesenchymal cells into osteoblasts [31—
34]. Specifically, BMPs activate a transmembrane serine/threonine kinase receptor,
leading to activation of intracellular signaling molecules, Smads, that regulate the
transcription of targeted genes [35]. This ultimately results in new bone formation.
While BMPs have been studied in the context of spine fusion and fracture non-
union, their role in LCPD is unclear [31, 36-40].

In an experiment that was the first of its kind, Vandermeer et al. studied the
impact of combined ibandronate and BMP-2 on the osteonecrotic femoral heads of
immature pigs. These agents were injected directly into the femoral head. There
were four experimental groups: normal hips, saline injection, ibandronate alone,
and ibandronate with BMP-2. Subjects receiving ibandronate and BMP-2 had sig-
nificantly better femoral head morphology and greater trabecular volume, thickness,
and number. These hips also had decreased osteoclast number and larger osteoblast
surface value than controls (Fig. 10.3). Of note, the subjects in this group were addi-
tionally noted to have heterotopic ossification within the joint capsule. The authors
report that while this finding could be due to the dosage or injection technique,
further investigation is required [41].

The same center subsequently administered BMP-2 and ibandronate during non-
weight bearing (NWB) treatment of ischemic femoral head osteonecrosis in 18 pig-
lets. The authors postulated that while NWB treatment is protective in LCPD, it
promotes bone resorption without bone formation. They therefore hypothesized that
administration of ibandronate and BMP-2 could modulate bone resorption and for-
mation during NWB. Compared to the NWB-only and BMP-2 with NWB groups,
subjects receiving both ibandronate and BMP-2 while remaining NWB had less
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Fig. 10.3 Vandermeer et al. compared the histology of normal femoral heads with those receiving
saline, ibandronate (IB), or IB with BMP-2. On the left column, low-magnification views demon-
strate improved trabecular preservation and sphericity in the treatment groups. Of note, the
IB + BMP-2 group has a “head within a head” appearance with thickened central trabeculae. The
right column shows osteoblasts along the trabecular surface in the control group (red arrows) but
absence of these cells in the saline group (blue arrows) and IB-only group. The IB + BMP-2 sub-
jects show osteoblasts lining the trabeculae (black arrows), similar to controls. (Adapted from
Vandermeer et al. [41])
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Fig. 10.4 Histomorphometric images from the work of Kim et al. show improved trabecular
framework (black outline) with increased calcein-labeled surfaces (green outline, indicating new
bone formation) in animals receiving both BMP-2 and ibandronate (IB) during non-weight bearing
(NWB) compared to NWB alone and BMP-2 alone. (Adapted from Kim et al. [42])

femoral head deformation and higher bone volume. These animals also had lower
osteoclast number and increased bone formation (Fig. 10.4). Four subjects that
received both medications had capsular heterotopic ossification, while none of the
BMP-only animals did [42]. Of note, the authors halved the dose of BMP-2 com-
pared to their previous study and also changed the method and rate of infusion.
However, the reason behind the presence of heterotopic ossification in the dual-
medication group and its absence in the BMP-only group remains unclear. Another
group of investigators used a sucrose acetate isobutyrate carrier (rather than saline)
to deliver these agents and suggested that modification of this system could result in
less heterotopic ossification in future studies [43]. Therefore, administration of
BMP-2 and bisphosphonates appears to have some efficacy during NWB treatment
of LCPD, but heterotopic ossification remains a concern.

Previous studies have described the mechanism by which statin medications
increase BMP-2 expression [44-46]. Along these lines, Zou et al. evaluated the
effect of a locally injected bisphosphonate (clodronate) with subsequent simvastatin
injection in a porcine model. Compared to animals receiving only one of these med-
ications or neither drug, those who received clodronate with simvastatin showed no
gross radiographic collapse and superior trabecular framework. Heterotopic ossifi-
cation was not seen in any subjects. The authors suggest that the synergy between
an initial anti-resorptive burst followed by sustained osteogenic stimulation may
provide a biological approach for the treatment of LCPD [47]. Specifically, sus-
tained delivery of a statin might allow for better control of side effects than the use
of a BMP.
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Another drug that has been studied in rat model LCPD is strontium [48].
Strontium activates the calcium receptors on the osteoclasts and osteoblasts through
the OPG/RANKL system. Shown to have a positive effect on postmenopausal
osteoporosis [49], study is needed on whether direct injection into the avascular
femoral head or given systemically in human subjects is safe and can help prevent
collapse.

While research on the modulation of bone formation in LCPD is less robust than
that of bisphosphonate use, early animal studies show promise for new techniques
in the treatment of LCPD. Specifically, concurrent or staged administration of
bisphosphonates with either a BMP or statin may provide improved bone formation
and remodeling compared to bisphosphonates alone. However, heterotopic ossifica-
tion remains a concern and further study is needed prior to human use.

Inflammation

The fragmentation phase of LCPD has been found to be a period of increased
inflammation. Little and Kim initially postulated that inflammatory factors such as
tumor necrosis factor-alpha (TNF-a) and interleukins (IL) may play a role in the
inhibition of bone formation. Specifically, they cite the ability of these cytokines to
block osteoblast differentiation in diseases like rheumatoid arthritis [50]. If LCPD
involves a similar pathophysiology, these inflammatory mediators could serve as a
therapeutic target.

Kim, Kamiya, and associates later found that LCPD results in chronic hip
synovitis and increased intra-articular IL-6. Serial MRI was performed on 28 chil-
dren and synovial fluid was taken from 13. Compared to the unaffected hip, MRI
showed a fivefold increase in synovial fluid volume at the initial visit and three-
fold increase at latest follow-up. IL-6 levels were significantly increased in LCPD,
but not IL-1 or TNF-a [49]. Of note, IL-6 has previously been shown to stimulate
osteoclasts while inhibiting osteoblasts [51-54]. The same authors subsequently
showed that IL-6 production depends on hypoxia-inducible factor-1 (HIF-1) and
that tocilizumab — an IL-6 receptor blocker — decreased the presence of inflamma-
tory cytokines in an animal model [55]. This links the hypoxia caused by ischemia
with inflammatory changes and proposed another therapeutic avenue in LCPD
(Fig. 10.5). Therefore, while inflammation has not been studied as extensively as
bone resorption and formation in LCPD, it may have important pathophysiologic
implications.

Future Directions

A great deal of research is still necessary prior to the use of biologic treatments in
LCPD. Early studies are promising, but the overwhelming majority were performed
utilizing animal models. Bisphosphonates are the most widely studied medication at
present, and a randomized clinical trial is currently in progress in Australia. Further
study of RANKL inhibitors as well as agents like cathepsin K inhibitors and
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Fig. 10.5 Schematic overview of the link between hypoxia and inflammation, as proposed by
Yamaguchi et al. Ischemia results in hypoxia, which stimulates HIF-1 production by chondrocytes.
This leads to increased IL-6 production, which is released into the synovial fluid. The eventual
result is proliferation of synovial cells, IL-1f, and TNF-a. Tocilizumab, an IL-6 receptor blocker,
can dampen this response. (Adapted from Yamaguchi et al. [55])

inhibitors of osteoclastic chloride channels or vacuolar adenosine triphosphatase
may provide additional options for modulation of bone resorption (Fig. 10.1) [13,
56-58]. Anabolic medications, such as BMPs and statins, also carry potential, but
the optimal dosing, delivery systems, efficacy, and safety must be better defined.

Tocilizumab, an IL-6 inhibitor, was previously shown to be effective and safe in
adult rheumatoid arthritis and idiopathic juvenile arthritis [59-63]. According to
recent experimental research, it may eventually be an option for Perthes disease.
Future work will likely evaluate the effect of IL-6 inhibition on bone remodeling, as
this cytokine is known to stimulate osteoclasts and inhibit osteoblasts. As previ-
ously noted, Yamaguchi et al. elucidated the link between hypoxia (increased HIF-1)
and inflammation (increased IL-6) [53]. Other studies have also correlated HIF-1
stimulation with increased production of vascular endothelial growth factor (VEGF)
and expression of Sox9, a transcription factor that upregulates chondrocyte differ-
entiation [64—66]. These all serve as possible lines of future study.

Other etiologies of Perthes disease — including vascular pathology, thrombo-
philia, and abnormal lipid metabolism — are less established [1-3, 5-7]. Further
molecular-level study of these theories may lead to additional therapeutic targets in
the future. In the meantime, evaluation of human efficacy and safety of agents that
modify bone resorption, bone formation, or inflammation appears to be the next
logical step in investigation.
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Conclusion

While pharmaceuticals have not traditionally been a part of the therapeutic algo-
rithm in Perthes disease, recent animal and laboratory studies show great promise
for biological treatment of this disorder. Modulators of bone resorption, such as
bisphosphonates and RANKL inhibitors, are the most studied agents and are start-
ing to be evaluated in children. Anabolic agents like BMPs and statins may eventu-
ally provide a strong adjunct to bisphosphonates, but delivery techniques and dosage
must be perfected prior to human application. Finally, the regulation of inflamma-
tory cytokines has the potential to impact the pathophysiology and symptomatology
of LCPD. Further research on these and other agents may ultimately provide bio-
logic options for the treatment of Perthes disease.
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