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ABSTRACT

Growth disturbances of the proximal femur, described in the medical literature as avascular necrosis, osteochondritis, or post-re-
duction epiphysitis, are associated almost exclusively with the treatment of developmental dysplasia of the hip. Some of these
disturbances can lead to later joint degeneration, with clinical, functional, and social implications. Various treatment-related factors
have been identified. However, preexisting idiosyncratic, morphological, and vascular factors also determine specific risk profiles.
This study aims to analyze the natural history of these disturbances and identify possible strategies to prevent them or reduce their
sequelae. Understanding hip growth, development, and vascular supply is essential to understanding their pathogenesis. Diagno-
sis and treatment of developmental dysplasia of the hip during the neonatal period remain the gold standard, given the extremely
low rates of treatment failure and residual abnormalities.

Keywords: Developmental dysplasia of the hip; femoral growth disturbance; natural history; children.

Level of Evidence: V

Alteraciones del crecimiento de la cadera en la infancia

RESUMEN

Las alteraciones del crecimiento del fémur proximal, referidas en la literatura médica como necrosis avascular, osteocondritis o
epifisitis posreduccional, se relacionan casi exclusivamente con la terapéutica empleada en la displasia del desarrollo de la ca-
dera. Algunas de ellas condicionan la ulterior degeneracion articular con sus implicancias clinicas, funcionales y sociales. Se han
individualizado una diversidad de factores relacionados con el tratamiento. Sin embargo, otras variables preexistentes idiosincra-
sicas, morfologicas y vasculares conFiguren perfiles de riesgo especificos. El objetivo de esta investigacion es analizar la historia
natural de estas alteraciones y establecer posibles formas de prevencion o reducir sus secuelas. Una sintesis del crecimiento, el
desarrollo y la vascularizacién de la cadera es imprescindible para la compresién de la patogenia. El diagndstico y el tratamiento
de la displasia del desarrollo en el periodo neonatal siguen siendo el método de referencia, dado las infimas tasas de fracaso
terapéutico y anomalias residuales.

Palabras clave: Displasia del desarrollo de la cadera; alteracién del crecimiento femoral; historia natural; nifios.

Nivel de Evidencia: V

INTRODUCTION

Proximal femoral growth disturbances (PFGDs) in childhood are morphological abnormalities involving the
epiphysis, physis, femoral neck, or a combination of these structures. Although PFGDs are predominantly asso-
ciated with the treatment of developmental dysplasia of the hip (DDH), they have also been observed in the con-
tralateral, nondysplastic hip after immobilization.' The untreated hip may also show signs of dysplasia at skeletal
maturity in 13%—40% of cases, consistent with the term “developmental dysplasia.”>* PFGDs may be transient
and reversible or permanent and irreversible, with various deformities and joint degeneration that remain clinically
silent for years, reflecting a discrepancy between radiographic and clinical findings.
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This study aims to analyze the natural history of PFGDs and identify ways to prevent or reduce their sequelae.
In DDH, the primary driver of deformity lies in the acetabulum, whereas in PFGDs, the initial changes occur in
the proximal femur and acetabular involvement is secondary. The terms avascular necrosis, post-reduction osteo-
chondritis, and epiphysitis are used synonymously in the scientific literature. Histological uncertainty has led many
investigators to favor the euphemism “proximal femoral growth disturbance.”!*¢ Proposed etiopathogenic mech-
anisms include mechanical factors (excessive joint pressure) and ischemia, hypotheses supported by experimental
studies in pigs.” These mechanisms may also interact (Figure 1).8
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Figure 1. A. Dissection of the right hip in the inguinal region (cadaveric specimen). Note the relationship of the pectineus
muscle and iliopsoas tendon to the medial circumflex femoral artery and its entry into the retrotrochanteric fossa (black
asterisk). (Dissection by Prof. Rodolfo Cosentino, MD.) B. Corresponding intraoperative photograph showing the course of
the medial circumflex femoral artery (solid arrow) and its relationship to the iliopsoas tendon (dashed arrow). The Farabeuf
retractors at the apex are positioned anterior to the femoral epiphysis. Arterial compression may occur between the iliopsoas
tendon and the pectineus muscle. In young children, the underdeveloped femoral neck makes the retinacular vessels more
susceptible to compression by the labrum during extreme abduction and internal rotation.
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The reported prevalence of PEGDs varies widely, from 0% to 73%, possibly reflecting differences in diagnostic
rigor and follow-up duration. Numerous predisposing factors have been described: age >6 months at reduction, an
unossified femoral head nucleus, greater cartilage volume, high dislocations, an inverted labrum, soft tissue inter-
position, nonconcentric reduction, preoperative traction, all surgical modalities, forceful reduction, immobilization
in 260° of abduction combined with internal rotation, prolonged immobilization, and surgery after failed treat-
ment."*'" In a prospective multicenter study of dysplastic hip dislocations, 20% of children already had epiphyseal
abnormalities and femoral neck widening before treatment. During follow-up, 42% met the criteria for PEGDs,
demonstrating that these abnormalities are not iatrogenic but pre-existing.® Similarly, a pretreatment MRI study
revealed impaired perfusion and an immature microcirculatory pattern.'””> Comparable findings have been reported
with real-time contrast-enhanced ultrasound (CEUS; Optison®).'* The prevalence of PFGDs with devices such as
the Pavlik harness, von Rosen splint, and Frejka pillow is exceptionally low, at 0%—1%. However, delaying treat-
ment by several weeks or persisting with treatment after failed reduction raises the risk above 25%.%'"'>!* Rates
of PFGDs following closed reduction under general anesthesia and various surgical procedures range from 20%
to 60%.* 4111416 Even without PFGDs, joint quality may deteriorate over time, as dysplasia cannot be regarded
solely as a mechanical fetal disorder. Regardless of treatment, the risk of PFGDs is related to the high position of
the proximal femur, underscoring the importance of classification systems with excellent intra- and interobserver
reliability (Figures 2 and 3)."7-%

Rev Asoc Argent Ortop Traumatol 2026; 91 (5): 510-518 * ISSN 1852-7434 (online) m



M. G. Miranda, C. S. Fernandez

Figure 2. Topographic classifications of the unossified femoral epiphysis based on anteroposterior radiographs of both hips.
In all three systems, grade I is normal, indicating that at least one-third of the femoral metaphysis lies medial to Perkins’ line.
A. Tonnis classification: a horizontal line through the acetabular roofs and the vertical Perkins’ line. B. Right hip: Terjesen
parameters, using the vertical Perkins’ lines and the horizontal Hilgenreiner’s line through the triradiate cartilages. The
medial metaphyseal point indicates the epiphyseal position. Left hip: International Hip Dysplasia Institute IHDI) method,
using the resultant vector between the lines described in B. A midpoint on the metaphysis provides an objective reference for
the epiphyseal position and, consequently, the level of dislocation.

Figure 3. Anteroposterior hip radiographs of a 5-month-old girl showing grade II right hip dislocation according to all
three classification systems. A. Tonnis. B. Terjesen. C. International Hip Dysplasia Institute (IHDI). Note the metaphyseal
reference point in the latter two systems. D. Anteroposterior hip radiograph of a 7-month-old girl showing grade III
dislocation according to the Terjesen and IHDI classifications.

HIP GROWTH AND DEVELOPMENT

The proximal femur and acetabulum arise from the same embryonic mesenchyme. During the eleventh week of
intrauterine life, the fully formed hip begins to differentiate into cartilage, following the pattern of endochondral
ossification, supplemented after birth by periosteal bone apposition. In the newborn, both joint components consist
of hyaline cartilage (Figure 4).!

The femoral epiphysis and greater trochanteric apophysis are spherical chondroepiphyses. Their growth is cen-
tripetal, driven by the metabolic activity of peripheral epiphyseal chondrocytes, whereas ossification is centrifugal
and radial, proceeding from the center toward the periphery. The proximal femoral growth plate is linear and re-
sembles an inverted L with three segments: the physeal or discoid segment, perpendicular to the femoral neck axis;
the cervicotrochanteric segment; and the isthmus, which connects the other two and contributes to femoral neck
thickness.! The calcification front of this configuration may occasionally be visible on radiographs as Harris lines.
Interruption or distortion of these lines is considered predictive of PFGDs (O’Brien’s sign) (Figure 5).!
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Figure 4. A-C. Transillumination images of the hip of a neonatal cadaveric specimen at 38 weeks’ gestation, showing
the fibro-hyaline composition of both joint components. A. Disarticulated specimen: 1. Acetabulum. 2. Femoral
chondroepiphysis. 3. Greater trochanteric chondroepiphysis. 4. Osseous femoral metaphysis (yellow asterisk). B. Hip
in situ. Capsule and labrum (black arrow), underdeveloped femoral neck, and trochanteric region at the entry site of the
posterosuperior retinacular vessels (dotted arrow). C. Enlarged view of B. White arrows indicate the physis. From left to
right: discoid cartilage, isthmus, and femoral neck. Greater trochanter and retrotrochanteric fossa (black asterisk), entry of the
posterosuperior retinacular arteries (black arrow), and artery of the ligamentum teres (dotted arrow). D. Apical view of the
femoral epiphysis and neck of a 25-week fetus. Greater trochanter (black asterisk) and the previously described retinacular
vessels forming a rich branching network (yellow arrow). (Reproduced from: Teot L, Deschamps F. Atlas d’Echographie de
la hanche dans la premiere année de la vie, 1987. With permission from Sauramps Medical.)
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Figure 5. A and B. Coronal T1-weighted MRI of the hip of a 4-year-old child. Yellow asterisk: femoral chondroepiphysis;
black asterisk: greater trochanter. The proximal femoral physis forms an inverted L with three continuous segments: 1.
Femoral discoid cartilage. 2. Isthmus. 3. Femoral neck. C. Anteroposterior radiograph of the left hip of a 4-month-old child in
slight internal rotation. Arrows indicate Harris lines that mirror the morphology of the physis.

Physiological physeal closure begins in the lateral, superior, and slightly posterior regions of the physis and
then progresses in all directions.?"”> The blood supply comes from an extracapsular vascular network at the base of
the femoral neck, supplied by the circumflex arteries. The medial circumflex artery passes between the iliopsoas
muscle, enters the joint through the retrotrochanteric fossa, and gives rise to the retinacular vessels, particularly the
posterosuperior vessels, which provide 80% of the blood supply to the epiphysis, isthmus, and much of the femoral
metaphysis. The anterior retinacular branches arising from the lateral circumflex artery provide a supplementary
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supply. This vascular network forms a bipartite system: the retinacular vessels perfuse the epiphyseal ossification
center and physis for the synthesis of ground substance and osteoid, while the metaphyseal system contributes to
substrate mineralization and bone resorption according to the Hueter—Volkmann law. This vascular network does
not follow a fixed pattern; it shows substantial anatomical variation according to sex, ethnicity, the number and
diameter of the arteries, and the variable presence of intra-articular vascular rings.

Classification and characterization of PFGDs

Several authors have proposed classifications of PFGDs. In chronological order, these include: Salter and Kostu-
ik,” Bucholtz and Ogden,> Kalamchi and MacEwen,” and Kruczynski* (Figure 6). All have moderate interobserver
reliability.® Given their similarity and widespread use in the specialized literature, the Kalamchi-MacEwen and
Bucholtz—Ogden classifications will be considered together in this analysis. Type I is characterized by delayed os-
sification and an appearance of epiphyseal fragmentation. Although reversible, these changes may precede lesions
with a poorer prognosis (Figure 7).

Figure 6. Coronal T1-weighted MRI of the hip of a 4-year-old child illustrating the
classifications. A. Bucholtz and Ogden (combined with Kalamchi and MacEwen). I. Femoral
epiphyseal fragmentation. II. Isthmic epiphysiodesis. III. Severe physeal damage. IV. Medial
lesion. B. Kruczynski. The difference lies in the numerical assignments. Type V represents
global damage, indicated by the white circle.

Figure 7. Anteroposterior and lateral hip radiographs. A and B. A 9-month-old girl with grade III right hip dislocation
according to the Terjesen and International Hip Dysplasia Institute (IHDI) classifications and an uncalcified epiphyseal
ossification center. Previous treatment consisted of an unsuccessful trial of a Pavlik harness, followed by unsuccessful closed
reduction and hip spica casting under general anesthesia. Hilgenreiner’s angle (alpha): 40°. C and D. Anteroposterior and lateral
hip radiographs at 13 years of age, showing the outcome of open reduction through a medial approach using the Weinstein—
Ponseti technique. Severin grade IA. Absence or fragmentation of the femoral epiphysis may be transient and reversible.
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The type II pattern has a prevalence of 25% and is defined by epiphysiodesis or a lateral physeal bar, which
causes valgus tilt of the epiphysis relative to the femoral neck and may lead to secondary subluxation (Figure 8A).
One study evaluated 58 hips in 48 patients with type I PFGDs treated by closed reduction (n = 36) or surgery
through an inguinal approach (n = 22), with a follow-up of 21 years (range, 10-55). The abnormality became ra-
diographically apparent at 10 years of age (range, 4—14). Outcomes were classified as Severin groups I/II in 59%
of hips; the remainder had unsatisfactory outcomes (Table).***

Table. Severin radiographic classification
I. Normal hip a. CEA >19° at ages 6-13 years
CEA >25° from age 14 years onward
b. CEA 15°-19° at ages 6-13 years
CEA 20°-25° from age 14 years onward

II. Moderate deformity a and b. Same CEA values as in group I
III. Dysplasia without subluxation CEA <15° at ages 613 years and <20° at ages >14 years
IV. Subluxation Moderate: CEA positive or zero

Severe: CEA negative
V. Dislocation Femoral head articulating with the upper part of the original acetabulum

VI. Redislocation Femoral head in a neoacetabulum

CEA = cervicoepiphyseal angle.”

Another study included 155 dislocated hips treated by closed reduction at a mean age of 15 months. Type II
PFGDs were present in 23% and were detected at a mean age of 8.9 years (range, 3—12). Sixty-six percent were
classified as Severin grades I/II, while the remainder had suboptimal outcomes (Figures 8A and 9).%

Figure 8. Anteroposterior radiographs. A. A 6-year-old boy with a lesion of the physeal isthmus following joint infection
(yellow arrow), resulting in valgus tilt of the epiphysis. Type II proximal femoral growth disturbance. B. A 20-month-old girl
with a previously undiagnosed Tonnis grade III left hip dislocation. Treatment consisted of open reduction through a Smith—
Petersen approach, adductor longus tenotomy, Salter osteotomy, and femoral derotation and shortening osteotomies. C. Type
III proximal femoral growth disturbance with evident dysplasia, coxa vara, and relative elevation of the greater trochanter.
D. Preoperative radiograph of a previously untreated 7-year-old girl showing a type IV proximal femoral growth disturbance.
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Figure 9. A girl aged 10 years and 10 months presenting with a limp, a positive Trendelenburg sign, and thigh pain. Coronal
images of both hips. A. Radiograph showing valgus tilt of both epiphyses and isthmic epiphysiodesis of both femoral necks,
defining a type II proximal femoral growth disturbance according to Bucholz and Ogden/Kalamchi and MacEwen, or type 111
according to Kruczynski (black arrows). Reimers’ migration percentage is 20%. Alsberg’s angle, which describes the angular
relationship between the physis and femoral shaft, is 90° (reference value, 65°). Note the crossover sign of the acetabular
lines, suggesting retroversion (yellow arrows). B. Corresponding CT and MRI findings showing the eccentric physeal bridge
at the isthmus (yellow arrows).

This phenomenon appears to reproduce physiological proximal femoral physeal closure prematurely.”

Type III PFGDs have a prevalence of 14%—-30% and are the most damaging deformities, causing progressive
joint and functional deterioration. They involve severe epiphyseal and physeal damage, leading to reduced femo-
ral neck growth and varus deformity, lower limb shortening, relative elevation of the greater trochanter with glu-
teus medius dysfunction, and coxa magna. Severe ischemia is the presumed cause (Figures 8B and C, 10A-C).?

In a study that followed 29 hips in 22 patients over four decades, the abnormality became radiographically
visible a mean of 10 months (range, 5—-19) after closed reduction or surgery through an inguinal approach. High
dislocations (Tonnis grade IV) had an odds ratio of 3.43 for joint deterioration compared with grades II and III.
At skeletal maturity, 90% of hips were classified as Severin grades III/IV. By 39 years of age, 32% of patients
had undergone total hip replacement (Table).>2*

In light of these findings, some surgeons opted for an anterolateral approach combined with femoral and
pelvic osteotomies. The results were also disappointing, however, as 32% developed type II/IIl PFGDs (Figure
7B and C)." Thus, type III PFGD represents the worst treatment outcome, regardless of the method used. Type
IV is a medial epiphyseal-metaphyseal defect characteristic of longstanding dislocations or subluxations and is
observed before any treatment (Figure 8D) Finally, 25% of cases show unclassifiable or mixed patterns (Figure
10D and E).

, [ _ & E
Figure 10. AP and lateral radiographs of both hips. A. A 4-month-old girl with bilateral grade II dysplasia according to the
Terjesen and International Hip Dysplasia Institute (IHDI) classifications, treated with closed reduction and immobilization.

B. Follow-up at 10 months showing epiphyseal hypoplasia and an apparently underdeveloped femoral neck. C. At 30 years of age,
coxa vara with relative elevation of the greater trochanter and reversal of its relationship to the joint. These are classic sequelae

of a type III proximal femoral growth disturbance according to Bucholz and Ogden/Kalamchi and MacEwen. D. A 13-year-old
girl with a history of Tonnis grade IV left hip dislocation. After unsuccessful treatment with a Pavlik harness, open reduction

was performed at 5 months of age through a Smith—Petersen approach. Mixed proximal femoral growth disturbance. The
anteroposterior radiograph clearly shows a type II lesion (yellow arrow indicating epiphysiodesis), while the lateral view shows a
shortened, widened femoral neck and evident coxa magna, consistent with type III according to Bucholz and Ogden/Kalamchi and
MacEwen.
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CONCLUSIONS

The gold standard for preventing PFGDs or mitigating their sequelae is neonatal or perinatal diagnosis and
treatment of DDH. Beyond the epidemiological and treatment-related variables associated with DDH, individual
anatomical characteristics (both morphological and vascular) also predispose patients to PFGDs, as demonstrated
by advances in imaging technology and recent clinical research. Following children throughout growth is essential
for a definitive and accurate assessment of the outcome.
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