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ABSTRACT

Femoral fractures in children represent a significant injury, accounting for approximately 1-2% of all pediatric
fractures. Due to the unique biomechanical and biological characteristics of the growing skeleton, diagnosis,
classification, and management differ markedly from adult fractures. This comprehensive review consolidates
current evidence on diagnostic approaches, emphasizing the importance of clinical examination complement-
ed by advanced imaging modalities. Various classification systems are discussed to facilitate standardized
assessment and guide treatment planning. Treatment strategies are tailored to age, fracture type, displacement,
and associated injuries, ranging from conservative methods like casting and traction to surgical interventions
such as flexible intramedullary nailing and plate fixation. Outcomes are generally favorable, with high union
rates and excellent functional recovery. The article underscores the importance of individualized treatment
plans and multidisciplinary management to optimize functional outcomes in pediatric patients. Advances in
diagnostic technology and surgical techniques continue to improve prognosis, emphasizing the need for ongo-
ing research to refine management protocols and minimize long-term sequelae in this vulnerable population.
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INTRODUCTION

Femoral fractures in children, accounting for only 1-2%
of all pediatric fractures, are relatively rare compared to other
pediatric injuries [1]. They represent a significant clinical
concern due to their potential impact on growth, develop-
ment, and long-term function [2]. These injuries often result
from falls, sports activities, or motor vehicle accidents and
exhibit considerable variation across different age groups,
reflecting the evolving anatomy and physiology of the pe-
diatric skeleton [2, 3]. Particularly in very young children,

ADDRESS FOR CORRESPONDENCE:

non-accidental injury (battered child syndrome) must be
considered, especially when the history is inconsistent with
the injury pattern or when fractures are multiple or atypical
for the reported mechanism. Accurate diagnosis relies on
a combination of thorough clinical assessment and appro-
priate imaging modalities, with particular attention to subtle
fractures and associated injuries [4, 5]. To facilitate effective
management, various classification systems have been devel-
oped based on fracture location, pattern, and severity, guid-
ing treatment decisions and prognostic evaluations. Manage-
ment strategies range from conservative approaches, such as
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spica casting, to surgical interventions including intramed-
ullary nailing and external fixation, tailored to the child’s
age, fracture characteristics, and overall health [6-8].
In addition, when evaluating pediatric fractures, clinicians
should remain vigilant for signs suggestive of underlying
oncological causes, such as osteosarcoma or Ewing sarco-
ma, which may present initially as pathological fractures.
Understanding the healing process and potential compli-
cations is essential for optimizing functional recovery and
minimizing long-term sequelae. While recent advances in
minimally invasive techniques and biomaterials have im-
proved treatment outcomes, challenges remain in standard-
izing care and ensuring that interventions are compatible
with ongoing growth — meaning they do not interfere with
the natural developmental processes, prevent deformities,
or compromise long-term functional outcomes in pediatric
populations [9, 10].

This review aims to synthesize current evidence, high-
light emerging trends, and discuss best practices in the di-
agnosis, classification, treatment, and follow-up of pedi-
atric femoral fractures.

ANATOMY AND DEVELOPMENT
OF THE FEMORAL

The femoral, the longest bone in the body, consists
of a proximal end with a spherical head, neck, and two
trochanters, and a shaft. The femoral head articulates
with the pelvis and features a fovea capitis connected
to the acetabulum via the round ligament [11]. Growth
occurs at the physes: the proximal physis, influenc-
ing the head and neck, and the distal physis, affecting
the condyles and shaft. Injury to these growth plates can
impair development, causing discrepancies or deformities
[1, 2, 11]. At birth, a single proximal physis forms two
ossification centers: the capital epiphysis ossifies between
4-6 months of age and closes around 18 years, while
the trochanteric apophysis ossifies at the age of 4 and
closes by 16-18 years [12]. The neck, 4-5 cm long, con-
nects the head to the shaft and varies in angle from 135° at
birth to about 130° in adulthood [2, 13]. The greater and
lesser trochanters serve as muscle attachment sites, with
the medial surface of the greater trochanter grooved for
the trochanteric fossa [11]. The blood supply is primarily
from the medial and lateral circumflex arteries, which are
branches of the profunda femoris (deep femoral) artery.
Additionally, the artery of the ligamentum teres (a branch
of the obturator artery) contributes to the vascularization
of the femoral head, particularly in children, and plays
a crucial role in maintaining blood flow during growth
[2, 14, 15]. Regarding innervation, the femoral nerve is
the main motor and sensory nerve supplying the anteri-
or thigh and the anterior hip joint capsule. The common
peroneal (fibular) nerve supplies the short head of the bi-
ceps femoris in the posterior thigh and, through its distal
branches, muscles of the anterior leg such as the tibialis

anterior, it represents only one component of the complex
neural network supplying the lower limb. The peroneal
nerve specifically innervates muscles such as the tibialis
anterior and the short head of the biceps femoris, but it is
only one component of the complex nerve network ser-
vicing the thigh and hip regions. A comprehensive un-
derstanding of the femoral neurovascular anatomy thus
involves these multiple arteries and nerves, which are
essential considerations during surgical procedures and
in the assessment of vascular or nerve injuries [2, 16, 17].

EPIDEMIOLOGY

Proximal femoral fractures are rare in children, com-
prising less than 1% of pediatric fractures [18, 19]. Boys
tend to have a higher incidence, potentially due to greater
involvement in physical activities, though this varies by
population. In very young children, especially those under
2 years, fractures may result from non-accidental trauma,
and suspicious injury patterns should prompt thorough
investigation for potential abuse. Most cases (85-90%) re-
sult from high-energy trauma, such as falls from height,
motor vehicle accidents, or sports-related injuries, with
younger children often affected by falls or non-accidental
trauma, and older children by accidents [15, 20]. Low-en-
ergy fractures are uncommon and typically indicate un-
derlying bone or metabolic disorders [18]. Pathological
fractures, occurring with minimal trauma or even spon-
taneously, should raise suspicion of underlying neoplastic
processes such as osteosarcoma or Ewing sarcoma, which
are more prevalent in adolescents and can mimic trau-
matic fractures. In children without a history of high-en-
ergy trauma or known conditions, non-accidental injury
should be considered. Femoral shaft fractures are the most
frequent femoral fractures, with an incidence of 10-20 per
100,000 children, more common in boys, and exhibiting
a bimodal age distribution - peaks during toddlerhood
and adolescence — primarily due to falls and vehicle ac-
cidents [3, 20-22]. Mortality rates are low, usually relat-
ed to associated injuries rather than the fracture itself.
Distal femoral fractures are less common, accounting for
12-27% of femoral fractures, more prevalent in boys and
older children and adolescents [20, 21, 23].

IMAGING

Imaging is essential for femoral fractures to confirm
diagnosis, guide treatment, and predict outcomes by
considering factors like age, fracture pattern, displace-
ment, mechanism, vascular involvement, etc. [2, 24].
Plain radiography is the initial preferred modality, with
anteroposterior and lateral views being typically suffi-
cient. Special views, such as frog-leg or cross-table, can
aid diagnosis but should be used cautiously, especially
in acute trauma to avoid displacing fractures. Hip frac-
tures are evaluated similarly, with radiographs revealing
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fracture type, displacement, location, and angulation.
Magnetic resonance imaging (MRI) is particularly use-
ful for non-displaced or stress fractures and early de-
tection of avascular necrosis (AVN), which appears as
osteopenia, sclerosis, or collapse on radiographs and
is best confirmed by MRI. Bone scans can show AVN
through decreased uptake, though they are less sensi-
tive than MRI. For femoral shaft fractures, anteroposte-
rior (AP) and lateral radiographs assess comminution,
angulation, displacement, and shortening; computed
tomography (CT) or MRI may be needed for non-
displaced or stress fractures. Angiography is indicated if
pulses are diminished. Evaluation of distal femoral frac-
tures includes radiographs of the femoral, knee, and hip,
with MRI or CT used to assess displacement and physeal
injury. Throughout, minimizing radiation exposure is vi-
tal, and dose-reduction strategies should be employed to
ensure safety in pediatric imaging [24].

HIP FRACTURES IN CHILDREN

MECHANISMS OF INJURY

Most pediatric hip fractures are caused by a high-ener-
gy trauma, e.g., a car accident or a fall from a height (from
three meters or three times the child’s height) [19, 25].
Hip fractures resulting from low-energy trauma often
imply underlying conditions, such as malignant pro-
cesses, unicameral bone cyst (UBC), aneurysmal bone
cyst (ABC), fibrous dysplasia, osteogenesis imperfecta,
osteopenia, rickets, and skeletal immaturity [26]. Stress
fractures may occur in adolescents (1019 years of age)
who engage in athletics and long-distance running.
Rarely, stress fractures develop in children younger than
10 years of age who are not overly physically active. Child
abuse is also a possibility, especially if the child presents
without a history of high-energy trauma or pre-existing
pathology [26, 27].

CLINICAL PRESENTATION, PHYSICAL
EXAMINATION, AND DIAGNOSIS

The clinical presentation of femoral neck fractures
in the pediatric population is similar to presentation
in adults. Most children present with a history of high-
energy trauma, together with severe pain, and are unable
to move the limb. Additionally, the hip is usually swollen
and tender to palpation. In case of a displaced fracture,
the limb will be externally rotated, slightly adducted, and
shortened. In case of a displaced fracture of the femoral
head, the limb will be internally rotated, with adduction
and in flexion [2]. Children with an underlying bone con-
dition might present with a displaced hip fracture coupled
with a history of low-energy trauma [28]. Skeletally im-
mature individuals may come with a limp, referred pain
in the hip, thigh, or knee, and a history of low-energy

trauma [2]. Children with stress fractures can have a limp,
antalgic gait, and tenderness or pain in the hip, thigh, or
knee. Non-displaced fractures might not be so obvious,
often with only mild discomfort during passive motion
of the limb. Stress fractures and non-displaced fractures
are easily overlooked at first evaluation [18]. Prolonged
hip pain without major trauma suggests a pathological
or stress fracture [29]. Associated injuries such as head
and neck injuries, thoracoabdominal and musculoskele-
tal injuries are most common and clinicians should look
for them particularly in patients with a history of high-
energy trauma [2]. Diagnosis is made based on history
(mechanism of injury, symptom onset, pain characteris-
tics), physical examination (limb alignment, swelling, ten-
derness, range of motion, and neurovascular integrity),
and imaging. Anteroposterior radiograph of the pelvis,
AP radiograph of the internally rotated hip, and lateral
radiograph of the hip will confirm most hip fractures
[9, 26]. They will provide information such as the type
of fracture, location, and direction of the fracture line,
displacement amount, degree of angulation, and the loca-
tion of femoral epiphyses [2]. Anteroposterior radiograph
with the hip internally rotated is important in displaced
fractures, as externally rotated diaphysis can overlap and
prevent correct fracture recognition. Frog-leg radiographs
should be avoided, as they could cause great pain. Plain
radiography might not show stress fractures or non-
displaced fractures, and MRI or non-contrast CT will be
needed [18].

CLASSIFICATION

Proximal femoral fractures are classified using
the Delbet classification into four types (excluding stress
and insufficiency fractures), which helps predict long-
term outcomes, complications, and guide treatment de-
cisions [19, 26]. For fractures involving the growth plate
(physeal injuries), the Salter-Harris classification pro-
vides additional detail regarding the fracture pattern and
potential growth disturbance. Delbet type IA is a trans-
physeal fracture without proximal fragment dislocation,
while type IB is a transphyseal fracture with proximal
fragment dislocation [2]. Both subtypes are at the high-
est risk of developing osteonecrosis, while type IB,
according to some reports, progresses to osteonecrosis
in most cases regardless of treatment option [30]. Del-
bet type II are transcervical fractures. They are the most
common pediatric proximal femoral fracture type and
account for 40-50% of fractures [2, 31]. The most com-
mon complication is osteonecrosis, and the best predic-
tor of AVN is initial fracture displacement [18]. Delbet
type III are cervicotrochanteric fractures, which occur
through the base of the neck. Delbet type IV are intertro-
chanteric (fractures occur between the greater and lesser
trochanter). They are the least common type of fracture
and have the best prognosis. They progress into osteone-
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crosis in less than 10% cases, and complications such as
coxa vara and non-union develop rarely. Stress fractures
and proximal metaphysis fractures in newborns do not fit
into the Delbet classification [2]. Stress fractures in chil-
dren are described by anatomic location, type (tension
or compression), and imaging characteristics and are not
categorized under any formal classification. Other classi-
fication systems have been developed to address specific
fracture characteristics, growth plate involvement, and to
guide treatment strategies. These include the Ratliff clas-
sification, the AO Pediatric Comprehensive Classification
of Fractures, and the Salter-Harris and Peterson classifi-
cations for physeal injuries [32-34]. The Ratliff system
primarily focuses on the anatomical pattern and stability
of proximal femoral fractures, categorizing them into in-
tracapsular, extracapsular, and mixed types. It emphasizes
the fracture’s relation to the capsule and vascular supply,
which is pertinent when considering the risk of AVN
and planning surgical intervention. While less detailed
in the anatomical subdivision than the Delbet classifica-
tion, it provides a framework for understanding fracture
stability and vascular compromise [32]. The AO Pediat-
ric Comprehensive Classification of Fractures is a uni-
versally recognized system that details pediatric fractures
based on anatomical location, fracture morphology, and
growth plate involvement. It categorizes proximal femoral
fractures into specific groups, including those involving
the femoral neck, head, and trochanteric region, with
subgroups delineating fracture pattern (e.g., displaced vs.
non-displaced) and physeal involvement. This classifica-
tion is particularly useful in research for standardizing
reporting and facilitating comparative studies across dif-
ferent treatment modalities [33]. For fractures involving
the proximal femoral growth plate (physeal fractures),
the Salter-Harris classification remains the gold stan-
dard, describing fractures based on the involvement
of the growth plate and metaphysis. Types I through V
provide insight into the potential for growth disturbance
and guide management decisions. The Peterson classifica-
tion is a modification that considers the fracture’s location
relative to the physis and the presence of displacement,
offering additional detail pertinent to surgical planning
[34]. While the Delbet classification remains predomi-
nant in clinical practice for pediatric proximal femoral
fractures, especially in predicting osteonecrosis risk, in-
tegrating other systems enhances comprehensive assess-
ment.

TREATMENT

Hip fractures in children can be managed operatively
or nonoperatively. Nonoperative treatment is rarely indi-
cated but may be appropriate in children younger than
2 years (or 4 years in some cases) old with Delbet fracture
types IA, IL III, or IV that are non-displaced or minimally
displaced, i.e., fractures that are inherently stable and unlike-

ly to displace further with conservative management [18].
The recommended technique is closed reduction and
immobilization using a spica cast, splinting, traction,
or a Pavlik harness [35]. Immobilization typically lasts
6-12 weeks, depending on the fracture type and fixation
stability. The acceptable alignment criteria for type II in-
clude an angulation of less than 5°, cortical translation
of less than 2 mm, and no signs of malrotation; for types
III and IV, an angulation of less than 10° is permissible.
Operative treatment includes emergency open reduction
and internal fixation (ORIF) with capsulotomy, closed
reduction percutaneous pinning, or ORIF with pin/
screw fixation or with a sliding hip screw. The goal is to
achieve anatomical reduction, stable fixation, and preserve
the proximal femoral physis to reduce growth disorders.
Early surgical intervention (within 24 hours) is generally
preferable to reduce the risk of complications. Emergen-
cy ORIF is indicated in open hip fractures, vessel injury,
fractures with significant displacement, and concomi-
tant hip or epiphyseal dislocation [2]. It is not clear from
the literature whether capsulotomy or joint aspiration in
those cases decreases the risk of osteonecrosis, but it is
recommended by some authors as it does not add sig-
nificant harm [36]. Smooth or threaded pins/K-wires are
used in younger children, while cannulated screws are
preferred in older children for better fixation [37, 38].
Open reduction and internal fixation with pins and screws
is recommended for type I, II, and III fractures if closed
reduction is unsuccessful. Open reduction and internal
fixation with a sliding hip screw may be considered for
displaced type IV fractures in older children (typically
over 8-10 years), where the bone size is sufficient to ac-
commodate the implant (Table 1, 2) [38].

COMPLICATIONS

Complications after hip fractures are common and
include AVN, coxa vara, non-union, infection, and pre-
mature physeal closure. Avascular necrosis of the femoral
head is the most common and devastating complication,
with different reported rates for types I-IV [2]. Overall
AVN rate is 29-43% by various authors, with type I having
the highest incidence rate and type IV the lowest. Most
authors agree that age (older than 11 years), fracture type
(more often with Delbet type I), and definitive treatment
after 36 h are significant predictors of AVN, though some
include displacement as a factor as well [39]. Older chil-
dren with Delbet type I and II fractures have the highest
risk [40]. Avascular necrosis may become visible on plain
radiographs 6-8 weeks after the fracture, but radiographic
signs could take up to two years to fully develop. Magnetic
resonance imaging, however, can detect AVN as early as
2-3 weeks after the fracture, making it the gold standard for
early detection [41]. Most cases become radiographically
evident within the first year. Ratliff’s classification of AVN
can be used to describe severity: type I is total necrosis
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TABLE 1. Surgical or non-surgical treatment based on age and body weight

Parameters
Age

Indication for surgery

Type of surgical treatment

Infants (< 1year)

Conservative management is preferred if fracture
is minimally displaced; surgery is indicated for
displaced fractures

CRPP is preferred if surgical intervention is necessary

Toddlers (1-3 years)

Displaced fractures generally require surgical
fixation; non-displaced may be managed
conservatively

CRPP for displaced fractures;
ORIF if closed reduction fails or is not feasible

Children (4—12 years)

Displaced or unstable fractures require surgical
fixation

ORIF with cannulated screws or pins;
plate fixation in complex or comminuted cases

Adolescents (> 13 years)

Similar to adults, displaced fractures require surgical

ORIF with cannulated screws or plates;

indicates need for more robust fixation

treatment plate fixation for complex or comminuted fractures
Body weight
< 20kg Displaced fractures typically require surgical fixation; CRPP preferred for appropriate cases;
conservative if fracture is minimally displaced ORIF if reduction is difficult
20—-40kg Surgical fixation indicated for displaced or unstable ORIF with cannulated screws;
fractures plate fixation for complex cases
> 40 kg Surgical treatment similar to adults; ORIF with cannulated screws or plates;

plate fixation in comminuted or unstable fractures

CRPP — closed reduction and percutaneous pinning, ORIF — open reduction and internal fixation

TABLE 2. Surgical treatment based on Delbet fracture classification

Type
[ (transphyseal)

Indication for surgery

Usually requires prompt surgical intervention
due to high risk of avascular necrosis

Type of surgical treatment
CRPP (if suitable) or ORIF

Il (transcervical)

Usually displaced; surgical fixation recommended
to prevent complications

CRPP or ORIF with cannulated screws

1l (cervicotrochanteric)

Displaced fractures generally require surgical fixation

CRPP or ORIF; in complex cases, plate fixation

IV (intertrochanteric)

on displacement

Usually more stable; management depends

CRPP for minimally displaced; ORIF or plate fixation
for displaced or comminuted fractures

CRPP — closed reduction and percutaneous pinning, ORIF — open reduction and internal fixation

of the neck and head, type II is necrosis of the epiphysis,
and type III is necrosis of the neck, sparing the epiphysis
[38]. Management of AVN and other complications often
involves limiting weight-bearing until revascularization oc-
curs, with some cases requiring surgical procedures such
as osteotomy or arthrodesis if deformities develop. Coxa
vara develops from malreduction, loss of reduction, delayed
union, or premature physeal closure, occurring in 13-30%
of cases, and leads to pain, gait abnormalities, and poor hip
mechanics [15, 36]. It is prevented by anatomical reduction
and rigid internal fixation that avoids crossing the growth
plate, with valgus osteotomy as a corrective measure
if needed. Infections are rare (around 1%) but can present as
prolonged pain, redness, and fever; they are managed with
surgical debridement and antibiotics [2]. Lack of union,
limb length discrepancies, growth disturbances, and ab-
normal bone healing are important late complications that
can significantly impact function. Non-union or delayed
union may occur, particularly in cases with significant
soft tissue injury or infection, necessitating surgical inter-

vention such as bone grafting or osteotomy. Limb growth
disorders, including limb length discrepancy and deformi-
ties, can result from physeal injury or premature closure;
these are managed with growth modulation procedures or
lengthening techniques. It is essential to monitor patients
longitudinally with clinical and radiographic assessments
to detect these issues early and implement appropriate cor-
rective measures. Regarding the management of AVN and
other complications, weight-bearing protocols are tailored
to the individual case, and decompression with grafting may
be performed in selected situations to promote revascular-
ization and healing.

FEMORAL SHAFT FRACTURES

MECHANISMS OF INJURY

The usual mechanism of femoral shaft fracture differs
with the age of the child. If the child has not started to
walk or is < 3 years, most femoral fractures will be a re-
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sult of non-accidental trauma, which has been shown in
multiple studies [1, 3]. Younger children (< 10 years) usu-
ally fall from a height, while older children (> 10 years)
are mostly injured in collisions involving motor vehicles,
bicycles, scooters, etc. [42]. Other possible mechanisms
include underlying conditions (such as osteogenesis im-
perfecta, osteopenia, and benign or malignant bone tu-
mors), as well as injuries in high-energy or high-velocity
sports, and rarely, obstetrical trauma (difficult delivery or
breech presentation).

CLINICAL PRESENTATION, PHYSICAL
EXAMINATION, AND DIAGNOSIS

A femoral fracture can be diagnosed on clinical
presentation and examination. History of instability
of the limb and inability to walk or high-energy trau-
ma, e.g., fall from a height, motor vehicle or bicycle
crash, should raise suspicion. Localized pain and swell-
ing, along with visible deformity, crepitus, or shorten-
ing of the limb, are usual tell-tale signs. Skin should be
inspected for possible open fracture. Proximal femoral
fracture signs, such as external rotation and hip pain,
can point to a shaft fracture as they sometimes break
together. Compartment syndrome is rare but will pres-
ent with increasing pain and swelling of the limb or, less
often, with pallor, paresthesia, pulselessness, and paral-
ysis. One should bear in mind to search for associated
injuries in children with femoral shaft fracture, especial-
ly if the child is hemodynamically unstable. Head, neck,
thoracoabdominal, and extremity associated injuries are
all plausible, with head and thoracoabdominal injuries
being the most dangerous. Anteroposterior and lateral
plain radiographs of the femoral from hip to knee joint
are needed to evaluate and confirm the fracture and to
exclude associated injuries. Additional body parts ra-
diographs or CT scans will be done based on suspected
associated injuries, especially in high-energy trauma [2].
If child abuse is suspected (dubious history report, multi-
ple fractures), additional skeletal radiographs and evalu-
ation of possible associated injuries should be undertak-
en. A transverse bone fracture should alert the physician
to probable non-accidental trauma [43].

CLASSIFICATION

Femoral shaft fracture can be classified with the AO
Classification based on the radiographic evaluation and
the soft tissue condition. Radiographs are examined for
fracture location (proximal, middle, and distal third of di-
aphysis), configuration (transverse, spiral, or oblique),
angulation, comminution, and the amount of shortening,
translation, and displacement. Fracture can be further
depicted as open (fracture exposed to the external envi-
ronment) or closed based on the physical examination
and stable (transverse and oblique) or unstable (spiral and

comminuted) [2]. The amount of comminution can be
classified with the Winquist classification system, which
assesses the stability of the fracture and guides treatment
decisions [44]. The Gustilo open fracture classification
categorizes open fractures into five categories based on
the wound size, the extent of soft tissue damage, and
the extent of contamination. It helps with making treat-
ment decisions [45].

TREATMENT

Definitive treatment varies greatly and depends on
the age and weight of the child, type of fracture, hemody-
namic stability, and the surgeon’s preferences. There are
operative and nonoperative treatment options. Usually,
children younger than 6 years will be treated nonoper-
atively, although in some cases of high-energy trauma
and multiple associated injuries, flexible intramedullary
nails might be needed [46]. If the child is younger than
12 months, fractures can be treated with a splint or spica
cast. For neonates, a padded tongue depressor wrapped
with a cotton roll provides an effective immobiliza-
tion. A Pavlik harness can be used instead, if the child
is younger than 4 months or up to 6 months if smaller
in proportion [35]. Spica cast can be used for children
aged 0-6 years if there is a closed fracture, shortening
< 2 cm, and not polytraumatized. Fractures with short-
ening > 2 cm will require skin or skeletal traction with
delayed spica casting [47]. Fractures with angulation
> 10° will need closed reduction under sedation. Older
children (> 6 years) are usually treated operatively, and
the modality differs by age, weight, skeletal maturity, and
fracture type. For patients aged 6-12 years with a stable
fracture, closed reduction with flexible intramedullary
nailing is the treatment of choice [47, 48]. There is some
variability in the literature regarding the type of intra-
medullary nails used, with titanium nails and Enders
stainless steel nails both described in different studies.
Unstable fractures (highly comminuted or spiral) or in
children weighing more than 49 kilos should be treated
with submuscular bridge plating [49]. Children older
than 12 and weighing more than 49 kilos will be treat-
ed with antegrade rigid intramedullary nail fixation [22].
The piriformis fossa entry point is associated with a small
risk of osteonecrosis of the femoral head in skeletally im-
mature, younger children [50]. That is why the approach
below the greater trochanteric physis, or more laterally,
is used until skeletal maturity allows for entry into
the piriformis fossa in adolescence [51]. In this age group,
submuscular bridge plating is used in severely commi-
nuted fractures. In older children approaching skeletal
maturity, the femoral shaft may be better suited for plate
fixation due to the size and density of the bone. External
fixation is reserved for severe soft tissue injury, open frac-
tures, and multiple trauma (Table 3, 4) [2, 6].
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TABLE 3. Surgical or non-surgical treatment based on age and body weight

Parameters Non-surgical treatment Surgical treatment Notes
Age
< 2years Usually spica casting Rarely indicated; if needed, flexible nails Due to high remodeling potential,
or external fixation conservative treatment is preferred
2—6 years Spica casting or traction Consider intramedullary nailing Favor conservative approach is favored
(elastic or titanium nails) if fracture is unless specific circumstances warrant
unstable or displaced surgery
6—12 years Spica casting or traction Flexible nails, external fixation Surgical fixation is increasingly indicated
(ifindicated) for displaced or unstable fractures. External
fixation may be specifically indicated in this
age group in selected cases
> 12 years Often surgical, especially Intramedullary nails (rigid or flexible), Surgical treatment becomes the standard
with unstable fractures plate fixation in older children
Body weight
< 20kg Spica casting Usually flexible or elastic nails Conservative conservative approach
is preferred due to ease and remodeling
capacity
20-49 kg (asting or traction Flexible nails, external fixation Surgical options are considered more often
with displacement or instability
>49kg Often surgical Rigid intramedullary nailing, plate fixation Surgery becomes more common due
to reduced remodeling potential

TABLE 4. Surgical or non-surgical treatment based on fracture type

Fracture type Non-surgical treatment Surgical treatment Notes

Displaced, Typically traction and casting Flexible intramedullary nailing, Surgical treatment is preferred for unstable
unstable initially, but may require surgery | external fixation, or plate fixation or significantly displaced fractures
Transverse and Spica casting Usually not indicated, unless | Conservative management is usually sufficient

non-displaced

other factors required so

Oblique or
spiral fractures

(asting if stable,
or traction

Consider internal fixation if
fracture is unstable or displaced

Stability guides treatment choice

Comminuted Often traction or casting Usually external fixation or plate Surgical approach depends on fracture
fractures fixation complexity
COMPLICATIONS and anatomy (prolonged immobilization) are deep vein

Overall, complications in femoral shaft fractures
are not common. They present either shortly after
the high-energy trauma or after a period of time, where
treatment modality and altered anatomy and physiology
impact the type of complications. Infection, compartment
syndrome, and neurovascular damage are complications
that present shortly after the trauma [2]. Nerve injuries
are usually transient and rarely result in nerve palsy, while
vascular damage, evaluated with angiography or Doppler,
requires urgent surgical treatment [52]. Infection presents
a week after the operation or sometimes several weeks
or months later as non-union. Patients should be closely
monitored through regular clinical examinations and
radiographic assessments during the healing process to
detect early signs of complications. Vigilant observation
allows for timely intervention, minimizing long-term se-
quelae. Complications ensuing from altered physiology

thrombosis, fat embolism, and cast syndrome (duodenum
obstructive compression). Delayed complications include
leg length discrepancy, rotational and angular deformity,
delayed union and non-union, and other complications
arising from specific treatment modalities. Pavlik har-
ness has a minimal complication rate, but there is a risk
of femoral nerve palsy [2]. Spica cast treatment is often
followed by skin complications (ranging from redness and
skin irritation to blisters and excoriations) [53]. Traction
of the injured limb can lead to nerve palsies, especially in
heavier children and prolonged surgery time [2]. Pin-tract
infection is a common complication from external fixa-
tion; other possible complications are refracture (result
of early frame removal) and prolonged time to union [54].
Infection can be prevented by good pin care, pre-drilling
of the pin holes, and short antibiotic treatment. Avascular
necrosis of the femoral head is a possible complication
after inserting rigid nails in skeletally immature children
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through the piriformis fossa [2]. Leg length discrepancy is
the most common complication of femoral shaft fracture
and is a result of either overgrowth (accelerated growth)
or shortening at the fracture location [44]. Overgrowth is
more common in younger children, boys, and those with
comminuted or long oblique fractures. Leg length dis-
crepancy is treated based on the anticipated discrepancy
at skeletal maturity. For a difference of 0-2 cm, observa-
tion or a shoe lift is recommended. If the discrepancy is
2-5 cm, shoe lift, temporary or permanent contralateral
epiphysiodesis is the treatment of choice. A difference
of more than 5 cm is treated with a lengthening procedure
like distraction osteogenesis. A discrepancy of more than
15-20 cm is treated with prosthetic fitting [2]. Non-union
is rare and associated with infection or severe soft tissue
damage [46]. Treatment includes either dynamization
of the solid intramedullary nail by removing the distal
locking screws or curettage of the fibrous non-union and
bone grafting with autograft or demineralized bone ma-
trix. Rigid fixation with plate or flexible intramedullary
rods usually follows. Delayed union is mostly a result
of using the external fixator and is treated by dynamiza-
tion of the fixator or by removing the fixator and doing
internal fixation with intramedullary rods, plates, and
screws [2].

DISTAL FEMORAL FRACTURES

MECHANISMS OF INJURY

The mechanism of injury mostly differs with the pa-
tient’s age. Newborns can suffer from obstetrical trauma
(causes being e.g. breech delivery, fast labor and delivery),
which is not always recognized immediately and can be
difficult to diagnose [55]. In infants and young children,
falls from a significant height and abuse are common
causes [3]. Children with a distal femoral fracture who are
not walking yet, especially if a corner fracture, are highly
suspicious of non-accidental trauma [56]. Falling from
a height or being involved in a motor vehicle, bicycle, or
scooter accident is a common cause of injury for school-
age children. The usual mechanism in adolescence is
engagement in high-energy sports (e.g., football, skiing)
or motor vehicle accidents [57].

CLINICAL PRESENTATION, PHYSICAL
EXAMINATION, AND DIAGNOSIS

The patient mostly has a history of high-energy
trauma. Newborns present usually with swelling, red-
ness, decreased and painful mobility of the affected limb
after traumatic delivery. The child may be irritable when
handled, and crepitus can be observed on motion. Local
signs are often overlooked as they are not apparent, and
diagnosis can be made days later [55]. Older patients will

be in severe pain and unable to walk with a swollen distal
femoral. The knee might be tense and swollen, along with
visible deformity, and hamstring muscle spasm will often
cause knee flexion. Skin should be searched for open skin
lesions and open fractures. Careful neurovascular exam-
ination ought to be performed in all patients. Cold and
pale limb, absent distal pulses, and swelling in the pop-
liteal fossa call for urgent Doppler assessment or ankle
brachial pressure index to evaluate potential vascular
injury. Foot drop and foot sensory deficit point to pero-
neal or tibial nerve injury. Soft tissue should be palpated
often during the first 48 hours to assess for possible com-
partment syndrome (signs being deep burning pain, di-
minished or loss of sensation, pallor, paresthesia, muscle
weakness, paralysis) [2]. Associated injuries are common,
especially in patients with a history of significant trauma,
and should be thoroughly examined [3]. Anteroposteri-
or and lateral plain radiograph of the femoral, knee, and
hip should be done to confirm the diagnosis and rule out
associated injuries. An oblique view can sometimes aid
in the diagnosis of minimally displaced or non-displaced
fractures when bone tenderness is present and standard
radiographs do not show a fracture. A computed tomog-
raphy scan helps with calculating the amount of displace-
ment at the fracture site, while an MRI shows internal
knee derangement and confirms physeal fracture. Com-
puted tomography angiography should be done when
physical examination or ultrasound suggests vascular in-
jury. Newborn femoral fractures might be hard to diag-
nose with plain radiography, so MRI or ultrasound could
be used instead [2, 58].

CLASSIFICATION

Distal femoral fractures are classified as physeal or
metaphyseal fractures. Metaphyseal fractures are also
called transverse distal metaphyseal fractures or su-
pracondylar femoral fractures [23]. Physeal fractures
are further classified into five types using the Salter-
Harris classification. Type I has a fracture line extending
through the physis, separating it from the metaphysis.
A type II fracture runs partially through the physis and
out of the metaphysis, creating a triangular metaphyse-
al fragment. Type III has a fracture plane going through
a portion of the physis and across the epiphysis. In type IV,
the fracture extends through the metaphysis, physis,
and epiphysis, while type V represents crush injury to
the physis, where the growth region is compressed or
damaged without a clear fracture line [2]. The Salter-
Harris classification describes physeal (growth plate)
fractures of the distal femoral and, when combined with
injury mechanism and displacement, assists in predicting
outcomes and complications. While useful, it should be
complemented by other assessment tools for comprehen-
sive management (Table 5) [57].
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TABLE 5. Surgical or non-surgical treatment based on Salter-Harris classification

SH type Non-surgical treatment Surgical treatment [
I Usually conservative if non-displaced; Surgery is generally not required High potential for remodeling,
immobilization in cast unless displaced or unstable especially in younger children
I Often managed conservatively Indicated if fracture is displaced or Most common SH fracture; good
if fracture is minimally displaced unstable; fixation with screws or pins prognosis with proper treatment
M Usually surgical to restore joint Typically requires ORIF Displaced Type Ill fractures often need
congruity if displaced surgical stabilization
v Usually surgical due to intra-articular Surgical fixation is necessary to High risk of growth disturbance
involvement restore anatomy and joint surface and deformity if untreated
v Usually requires surgical intervention Surgery to minimize growth Typically poor prognosis; early
due to physeal damage disturbance; may need physeal bar intervention is critical
resection

SH — Salter-Harris, ORIF — open reduction and internal fixation

TABLE 6. Surgical or non-surgical treatment based on age and body weight

Parameters Non-surgical treatment Surgical treatment Notes
Age
< 5years Displaced or non-displaced fractures; Usually reserved for complex, Conservative treatment is preferred
generally non-surgical approach is unstable, or open fractures in young children due to high
favored due to remodeling potential remodeling capacity
5-10 years Minimally displaced fractures Indicated for displaced, unstable, Surgical intervention is often
or comminuted fractures preferred for displaced fractures
> 10 years Generally surgical for displaced ORIF Non-surgical approach is considered
fractures due to limited remodeling only in very specific, stable cases
Body weight
< 20kg Often suitable for conservative Surgical fixation for displaced Weight influences fixation choice;
management, especially if fracture or unstable fractures less invasive methods are preferred
is minimally displaced in lighter children
20-40kg May be considered for non-displaced Usually for displaced fractures; Increased weight necessitates
or minimally displaced fractures fixation methods vary surgical stabilization
> 40 kg Conservative management is less Surgical fixation with more robust Higher body weight correlates with
common surgery is more likely hardware (e.g., plates, screws) increased surgical indication due
needed if fracture is displaced to stability concerns

ORIF — open reduction and internal fixation

TREATMENT

Treatment modality depends on the age of the patient,
type of fracture, displacement, and associated injuries.
Options include conservative treatment with splinting
or casting and operative treatment with closed or open
reduction and external or internal fixation with a stabiliz-
ing implant. Overall, non-displaced and stable fractures
can be treated conservatively with long leg casting and
should be closely overseen for displacement. If displace-
ment occurs, closed reduction and fixation should be per-
formed [2]. Infants up to 6 months with metaphyseal or
diaphyseal fractures can be treated with splinting (tongue
depressor with cotton padding). Metaphyseal or diaphy-
seal fractures in children from 6 months to 5 years can be
treated with long leg casting, and for children older than
5 years, various types of fixation devices are available,

such as pins, screws, flexible nails, plates, and external
fixators. Fractures involving physis in younger children
or fractures that are stable after reduction can be treated
with long leg casting alone, though some authors argue
that all physis fractures require fixation [59]. Reduction
should always be attempted under sedation or anesthe-
sia. Periosteum might be interposited, which will require
open reduction [60]. Salter-Harris II, III, and IV with
large metaphyseal/epiphyseal fragments should be fixated
with screws that do not violate the physis. Kirschner wires
can be placed across or near the physis in a cross-pin con-
figuration when required. Children with distal femoral
fractures need to be monitored for some time (frequen-
cy and duration depend on the surgeon, type of fracture,
reduction, age, and operative technique), and injuries to
the growth plate have to be monitored for at least one year
(Table 6) [2].
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COMPLICATIONS

Complications can be acute or late. Acute complica-
tions are compartment syndrome, injury of the popliteal
artery or peroneal nerve, and infection [2]. Peroneal
nerve palsy generally shows spontaneous recovery over
time, although the extent and timing of recovery can
vary among patients [59]. Infection mostly presents ear-
ly with fever, redness, and secretion, but can sometimes
manifest months later as non-union. Late complications
include physeal arrest with leg length discrepancy or an-
gular deformity, loss of knee motion, and non-union [2].
Leg length discrepancy is common, and risk factors in-
clude high-energy trauma and severely comminuted or
displaced fractures. Anderson-Green tables or Moseley
straight-line graph can be used to calculate projected dis-
crepancy at skeletal maturity. When the discrepancy is
2 cm or less, no treatment is needed; for 2-5 cm of dis-
crepancy, options include contralateral epiphysiodesis in
skeletally immature patients or femoral lengthening pro-
cedures in skeletally mature individuals. Discrepancies
above that will require femoral lengthening procedures.
Angular deformity is less common than leg length dis-
crepancy and should be treated with osteotomy or epiph-
ysiodesis when angulation is more than 5° [2, 61]. Loss
of knee motion is common after a distal femoral fracture,
especially with cast immobilization, but usually resolves
with physical therapy. Non-union is an uncommon out-
come that is usually associated with severe soft tissue
injury, significant bone loss, or infection. Management
of non-union often requires surgical intervention, includ-
ing fibrous tissue removal and bone grafting to promote
healing [2]. To mitigate the risk of complications, it is
important to identify patients with high-energy trauma,
severely comminuted or displaced fractures, and delayed
presentations, as these factors are associated with an in-
creased likelihood of non-union and deformity. Regular
clinical and radiographic monitoring during the initial
weeks post-injury allows for early detection of issues such
as infection or non-union, facilitating timely intervention.
Preventive strategies include meticulous surgical tech-
nique, proper fracture stabilization, early mobilization,
and strict adherence to aseptic protocols, all of which
contribute to reducing the incidence of complications.

PATHOLOGICAL FRACTURES OF THE FEMORAL

Pathological fractures in children often occur due to
benign or malignant bone lesions that weaken the fem-
oral’s structural integrity. The most common cystic le-
sions involved are UBC, ABC, and, less frequently, fibrous
dysplasia or ossifying fibromas [2, 62]. Unicameral bone
cysts are especially prevalent in the pediatric population,
typically affecting the proximal humerus and femoral
[63]. These lesions appear as well-defined radiolucent
zones with sclerotic borders on imaging, often occupying

the metaphysis, and are characterized by cortical thinning
that predisposes to fracture. Fractures usually traverse
the cystic area, following the line of least resistance, due to
the lack of normal lamellar bone. Radiologically, MRI can
help assess cyst content and soft tissue involvement, aiding
diagnosis and treatment planning [64]. The cysts’ ongo-
ing osteolytic activity, combined with mechanical stress,
increases fracture risk, especially in larger cysts. Post-
fracture, the cyst may serve as a focus for healing; however,
recurrence remains common if residual tissue persists.
Management varies from conservative immobilization for
stable fractures to surgical procedures such as curettage,
bone grafting, and internal fixation to restore stability and
prevent recurrence [65, 66]. Minimally invasive options
like percutaneous steroid injections or decompression are
also being explored with varying success (Table 7) [67].

FEMORAL STRESS FRACTURES

Femoral stress fractures are overuse injuries caused
by repetitive mechanical loading that exceeds the bone’s
capacity for repair and remodeling. While more common
in adults, they are increasingly recognized in children and
adolescents engaged in high-impact sports or activities
involving lower limb stress [68]. The pathophysiology in-
volves an imbalance in bone remodeling, with osteoclastic
resorption surpassing osteoblastic formation, leading to
microdamage accumulation that can progress to a clini-
cally significant fracture [69]. Predisposing factors include
sudden increases in training intensity, biomechanical
abnormalities, nutritional deficiencies, and underlying
conditions like osteoporosis or metabolic disorders [68].
They are reported more often in females, possibly related
to the female athlete triad - disordered eating, amenor-
rhea, and osteoporosis - that impairs bone health [70].
Although rare in children, these fractures are often un-
derdiagnosed due to diagnostic challenges. Affected in-
dividuals typically present with insidious groin, thigh, or
anterior hip pain that worsens with activity and improves
with rest; progression may include tenderness, swelling,
and decreased range of motion [68]. Imaging is essential:
radiographs may initially appear normal but later show
cortical lucencies or sclerosis, while MRI is preferred for
early detection of periosteal and marrow edema along
fracture lines [71]. Differential diagnoses include osteoid
osteoma, AVN, osteomyelitis, and soft tissue injuries. Most
fractures occur in the subtrochanteric region, with femo-
ral neck fractures posing higher risks of displacement and
AVN if untreated. Management is primarily conservative —
rest, activity modification, and gradual return — while sur-
gical fixation is reserved for displaced or high-risk fractures
[72, 73]. Early diagnosis and treatment are vital, as delayed
management can lead to complete fractures and compli-
cations. Prevention involves gradual training, proper
biomechanics, nutritional optimization, and screening for
bone health issues in high-risk individuals [74].

184

Pediatria Polska — Polish Journal of Paediatrics 2026; 101



Femoral fractures in children — diagnostic approaches, classifications, treatment strategies, and outcomes: a comprehensive review

*SUOLDIAPISUO) SISouboid pup ‘Suoldo JUaLLIDAL) ‘YUAWIIDaI J0J SUOHDIIPU] ‘SAINID3Y [DIBOJOIPDI PUD [DIIUIP ‘SUOIPUOD SIA0D 3|qD} Y[

UOI3RZI]IqR)S 3INYDRI) PUE [013U0D uoiezijiqess [evibing sapueubijew Jayjo Jo ‘elwayna| SuoIs3)

Jown} uo sasndoj Juawileal) ‘sisouboad 131004 Adesayroipes/Adesayroway) | swordwis d1waisAs ‘ainyoely jedibojoyied ‘ewo}se|qoinau 0} A1epuodas A|ens J11RISRIS
saInyoely ysu-ybiy ui uonexy [edbing

Adesayy jedishyd S9U0Q INIq

31| Jo A1jenb sanosdwi “ysu ainyoely ‘uojezijiqowwi :31ed daisoddng 01 buipes| sisayauks uabej|0d AP epapadwi

sONpaJ uawabeuew buiobuo ‘3jqeriep | A1suap suoq seanul 0} sazeuoydsoydsig BLWINEJ} [BWIUIW YHM S3IN}IeI £q pazuzyoeieyd Japiosip [eHuabuo) SIs3uaboalsQ
Sa5e) payda|as ul Adelaylolpey

SPI0J31S021110) (ewojnuelb

buyjeib suoq + abenain) J1jiydouisod)

Juswiesl) sjeudoidde SuoIs3| 3|qels suois3| 2134|03150 pazijero| buisned s1s01£001s1y

yum a1el buieay ybiy qua|xa Ajjeiausn “newoldwAse 10) UONRAIISHQ buijjams pazijero| ‘ured ‘ainyelq s|[92 sueyJabue jo uonessyijoid [euop) 192 sueysabue

uo13e3u3sald 1e $In2d0 NIkl i s
ybuy ‘sisoubeip Al1ea yum sanosdwi sisouboig

Adeiayyoipel lo/pue
£1364ns y3Im [013u0) 2307
Adesaylowsay)

UOISUIX3 3NSSI} 1JOS
‘swordwiAs d1wa)sAs ‘ainydely [eaibojoyred

siskydeip sypaye
U}J0 “Jown} || punol |jews yueubijepy

ewodies buimy

sisoubeip 1e abeys ‘asuodsal

Adeiayrowsayd aanesadolsod
uonendwe Jo £1361ns bueds-quiry

swoydwiAs d1wa)sAs ‘ssew

uoioeal
[ea1souad aaissaibbe ‘pioayso bupnpoid

Jowny uo spuadap sisouboud ‘3jqerep Adesayrowsyp yueanfpeoapy anss1} 14os ‘uted ‘ainyely |ed1bojoyled Jown} jewAyduasaw jueubije|y W021eS03)5()
eWOULUBWIEPE 0} S35B) PA]II3S Ul UOISPX3 [ed1bIng fureydun ewoiqy bukyisso eise|dsAp
uoljew.ojsues) Jueubijew azel poob £jjeiauan JuaWabeuewW JAIIRAIISUO) J1souberp Jo ‘Aywlojap ‘ainyelq JlWiW ued {uois3| SNo3sso-oiqy ubiuag NIGTOEI))

sainyoely buiwioap 1o A)wiolap Jo
YSH ‘3WI JOAO 9Z1]1GR1S SUOIS3| WOS ‘d|qeLIep

U01323110) )JWLI0JIP 10} UOIRXL) [BUIIUI
‘bunyyeib + abeaind ‘Awo3o91so :jedibing
UOI3RZI|IqOWIW] :9AI)RAIISUO)

uted Jo Aywiogap 1uR1sisiad Ylm ainoely

J1303504]0d 10 d130350UOW
9q Aew ‘auoq [ewuou bupejdal
U0IS3] SN03s50-01qy [eIuUaWdO[AIQ

eisejdsAp snoiqi4

uone

(s 10 UOIeXL [PUIAIY|
buipas|q anpai 0}
Uo11eZIjoqWa [e1alIe 3ANRIRd0aId

uoisuedxa |e11400 asned few yimoih

paspxa A1 dwodul Ji A|jeradsa 958D dAISSIBHR Ul U013ISAI 20|q UT yamoib pidel Jo ‘Kywiojap pides ‘3oueseadde pajenojinw yym 1563 3uoq
‘31q1ssod 3auaLndal ‘sisouboid 3jqesoneq buiyeib suoq + abenain) uedyubIs ‘sainyoely dijewoldwAs uo1sa] 2134|03150 ‘3|1suedxa ‘pa|[u-poo|g [ewsAInauy
3|qeIsun Ji uolexy [eusdu|
(9nIseAul $S3)
uo13(ul PIoI)s SNOURINIIDY
156> abue| Jo
1ua.ndai Joy bunyeib suoq + abenain) 1IN0 ain)aely [1aun dewoldwAse
sysis1ad 3540 J1 s 3duaLndR ybiy $9IN)IR1J 3|qe1S 10} $9IN1IRIJ JUILINIRI “I9)3WeIP U0 JO usYo ‘xa10d buruuiyy ‘siskydelsw ayy 156> 3uoq

“Juswabeuew jeudosdde yym buijeay poon
sajou pue sisouboid

(bunsed) uonezijiqoww|
suondo Juawyeas]

S9SRISIP JIWA)SAS PUB “S10WNY “S3SAD YUM PIRIDOSSe UIP|IYD Ul S3INYIR1 [RAOWa) [ed1bojoyied bujulino 3jqel sAIsuayaidwod v 2 319vL

€/ < 5152 ‘saunyoely dnewoydwAs

juswijesal) 1oj suoljedipuj

ul uoisa| 2nsy pajjy-pini4

sainje) pue KbojoisAydoyied

(3rdwis) jesawediun
sia)aweled

185

Pediatria Polska — Polish Journal of Paediatrics 2026; 101



Marko Basgkovi¢, Katarina Cavka

CONCLUSIONS

While recent advances in diagnostic imaging and
minimally invasive treatment strategies have enhanced
the management of pediatric femoral fractures, challeng-
es remain in optimizing treatment protocols across differ-
ent age groups and fracture types. Limitations related to
long-term outcomes, potential growth disturbances, and
the variability in individual responses underscore the need
for further research. Future studies should focus on estab-
lishing standardized, age-specific guidelines and evaluating
long-term functional and developmental outcomes to en-
sure comprehensive and effective care for affected children.
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