
85© Springer Science+Business Media New York 2016 
D.J. Hedequist, B.E. Heyworth (eds.), Pediatric Femur Fractures, 
DOI 10.1007/978-1-4899-7986-5_5

          Introduction 

 Femoral neck fractures are fortunately uncom-
mon in children. Overall femur fractures account 
for 2.3 % of children’s fractures, however femo-
ral neck fracture account for less than <1 % [ 1 ]. 
The majority of femoral neck fractures occur sec-
ondary to  high-energy mechanisms   and it is 
unclear if the incidence of this injury has changed 
in the last decade, since no specifi c epidemio-
logical studies have been published. According 
to the most recent pediatric epidemiology stud-
ies, fracture incidence appears to have decreased 
in the last few decades secondary to less physical 
activity, improved protective equipment, and 
increased traffi c safety [ 2 ,  3 ]. However, this is 
unclear, as other studies have shown an increased 
overall fracture incidence which may be related 

to increased motor vehicle speeds and increased 
participation in contact sports [ 4 ]. 

 Femoral neck fractures are usually seen in 
patients after  high-energy trauma   (i.e. motor vehi-
cle accidents), but pathologic and stress fractures 
may occur after lower-energy trauma or repetitive 
impact activities, and one must also be aware of 
these clinical scenarios in the setting of hip pain in 
the adolescent patient. Signifi cant complex long-
term morbidity can be generated from the injury 
and/or the treatment of a femoral neck fracture in a 
child; for this reason, these fractures require sharp 
recognition and careful examination. The major 
complication of this injury is due to the tenuous 
blood supply of the femoral head leading to a high 
incidence of  osteonecrosis (ON)  . In the presence of 
an open physis malunion, nonunion, delayed union, 
 coxa vara  , or growth abnormalities can occur after 
treatment of femoral neck fractures. Development 
of ON signifi cantly impacts long- term functional 
outcomes in this population, so efforts to minimize 
this complication need to be employed. Thus, 
diminishing the risks of ON and all other complica-
tions during treatment of femoral neck fractures in 
children is of paramount importance to improve 
functional outcomes.  

    Clinical Presentation 

 Femoral neck fractures in children commonly 
occur after high-energy trauma and adherence to 
pediatric  ATLS protocols   must occur during all 
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trauma scenarios. During the musculoskeletal 
survey, the orthopedic surgeon or emergency 
medicine physician must suspect a femoral neck 
fracture when the child is unable to weight bear 
on the affected lower extremity and presents with 
a shortened and/or externally rotated limb. 
Detailed neurovascular evaluation must be per-
formed for all trauma patients; however, in the 
setting of an open fracture or associated hip dis-
location, high suspicion of neurovascular injury 
must be suspected. Ankle brachial index (ABI) 
measurements should be obtained when pulses 
are equivocal, by measuring systolic blood pres-
sure in one upper extremity and comparing that 
with the ankle systolic blood pressure. An ABI of 
<0.9 will mandate further vascular assessment 
with a vascular surgeon consult and/or advanced 
imaging. Historically, conventional radiology 
suite arteriography or surgeon-performed arteri-
ography in the emergency or operating room has 
been used to evaluate such patients. In recent 
years, advances have included the introduction of 
mobile  digital subtraction angiography (DSA)   in 
the trauma resuscitation room and  multi-detector 
computed tomography arteriography (MDCTA)   
[ 5 ]. Ipsilateral pelvis, knee, and ankle evaluation 
should be performed when a femoral neck frac-
ture is detected because of the potential associ-
ated injury with a femoral neck fracture. 

 Patients will present with painful  range of 
motion (ROM)   and a positive log roll test on the 
affected hip. Multiple examinations and manipu-
lation of the fractured hip should be avoided to 
decrease the risk of further fracture displacement. 
Upon presentation some of the patients will present 
with immobilization devices; these should be 

promptly removed in the emergency room 
because of the signifi cant risk for skin sloughing 
over the dorsum of the ankle, and pressure over 
the sciatic nerve [ 6 ]. The patient’s limb should be 
immobilized, and the preferred method for this is 
with the use of  “Bucks” skin traction   immobiliza-
tion with 10 % body-weight traction with a maxi-
mum weight of 10 pounds (Fig.  5.1 ). Alternative 
immobilization with the use of a posterior splint 
from the ilium to the ankle will also facilitate eas-
ier mobilization, improve pain control, and limit 
the risk of further fracture displacement. However, 
skin traction immobilization has demonstrated 
superior pain control in the setting of femur frac-
tures compared to simple splinting [ 7 ]. Readily 
available  skin traction kits   allow for gentle trac-
tion/immobilization or can be done in the emer-
gency room with ace wrap and Coban (3M™ 
Self-Adherent wrap), being careful to avoid sig-
nifi cant traction over the skin that can increase 
soft tissue problems.

   In the initial hospital setting, it is prudent to 
counsel parents and patients regarding the poten-
tial risk and consequences of the injury and its 
treatment [ 8 ]. Early parent education on the poten-
tial risk of ON and need for further treatment will 
help generate expectations regarding the potential 
complications associated with this injury.  

    Relevant  Surgical Anatomy   

 The anatomy of the proximal femur has been 
reported in multiple studies [ 9 – 11 ]. Blood fl ow to the 
femoral head is mainly supplied by the retinacu-
lar branches (posterosuperior and posteroinferior) 

  Fig. 5.1    Clinical photograph demonstrating Pediatric Bucks Traction       
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of the medial femoral circumfl ex artery (MFCA). 
The lateral femoral circumfl ex artery (LFCA) 
contributes blood fl ow to the greater trochanter, 
small areas of the medial physis, and the antero-
medial metaphysis. The artery of the ligamentum 
teres and the LFCA begin a process of regression 
after 4 years of age that is completed by age 10. 
During this period the MFCA progressively 
becomes the predominant nutrient provider. The 
end arterial blood fl ow of the posterosuperior 
retinacular branch supplies the anterior and lat-
eral femoral head and is the main contributor to 
femoral head blood fl ow until skeletal maturity 
[ 9 ]. The exact location of the main vessels is of 
signifi cant importance when approaching the hip 
and performing a capsulotomy. It is believed that 
an anterior capsulotomy avoiding the superolat-
eral ascending branches will not damage the 
blood supply to the femoral head, as proposed by 
Ganz et al. [ 12 ]. 

 The higher risk of ON after a femoral neck 
fracture in a growing child can be attributed to 
the tenuous blood supply illustrated above. At 
skeletal maturity the retinacular, ligamentum 
teres, and metaphyseal vessels establish a defi ni-
tive anastomotic system that improves femoral 
head circulation and decreases the risk for ON in 
adults with femoral neck fractures [ 13 ]. Proximal 
femur development is also important to under-
stand when facing a femoral neck fracture. The 
proximal femoral epiphysis begins to ossify at 
age 4–6 months in females and at age 5–7 months 
in males. The trochanteric apophysis begins to 
ossify at age 4 years. The fusion of the trochan-
teric apophysis and the femoral epyphysis occurs 
at age 14 in girls and 16 in boys [ 14 ]. Injury to 
these regions due to the initial trauma or subse-
quent  osteonecrosis   potentially may result in a 
growth disturbance.  

    Diagnostic Imaging 

  Diagnostic imaging   should always begin with 
an anteroposterior (AP) pelvic radiograph. The 
AP pelvis should be obtained with the hips 
extended and internally rotated (15°) as toler-
ated by the patient. This view will serve as a 
comparative view with the contralateral side to 

assess displacement. The lateral view should be 
obtained with a cross-table technique to avoid 
displacement and increased pain with the mobi-
lization of the injured limb required for a frog-
leg lateral fi lm. For completion of skeletal 
assessment, an AP of the femur and lateral 
radiographs should be obtained. 

 In the very young child under 2 years of age, 
ultrasound can be useful to evaluate for occult 
fractures in a child with post-traumatic hip pain 
where standard plain fi lms are non-conclusive. 
An expert radiologist and technician can evaluate 
the proximal femur with ultrasonography and 
clear signs of fracture can be found in up to 92 % 
of confi rmed occult fractures, as per previous 
reports [ 15 ]. Ultrasound fi ndings include cortical 
discontinuity (direct sign of a fracture), epiphy-
seal mobility, step-off deformities, tiny avulsed 
bone fragments, double-line appearance of corti-
cal margins, and diffuse irregularity of bone sur-
faces [ 15 ]. 

    Femoral Neck Stress Fractures 

 Stress fractures of the femoral neck can be diffi -
cult to diagnose on plain radiography alone, but 
important to treat since they carry a risk of 
becoming complete fractures and subsequently 
displacing. Although the prevalence in the pedi-
atric population is fortunately infrequent, some 
patient populations require discussion. 
Specifi cally in patients with the female athlete 
triad (eating disorder, amenorrhea, and decreased 
bone mineral density), a thorough workup should 
be undertaken to avoid missing these injuries in a 
patient with hip pain [ 16 ,  17 ]. When regular 
 X-rays   are not diagnostic, the clinician should 
remain suspicious, and further imaging with a CT 
scan has been used in the past. This imaging 
modality will give an excellent outline of the 
bony anatomy, but could miss an injury that only 
generates bony edema. For this reason, MRI is 
preferred for the evaluation of an occult fracture. 
A linear dark line will be present in all sequences 
if a fracture is present, and the surrounding mar-
row edema will be more noticeable in T2 
sequences even within the fi rst 24 h after injury. 
Recently, an algorithm has been proposed for the 
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 evaluation and treatment   of the child with a stress 
femoral neck fracture (Fig.  5.2 ) [ 17 ]. Although 
there is some variation regarding treatment for 
femoral neck stress fractures, it is suggested that 
non-displaced fractures on the tension side of the 
femoral neck should undergo internal fi xation 
[ 18 ]. Fractures on the compression (medial) 
aspect of the femoral neck can be initially treated 
non-operatively with restricted weight bearing or 
non-weight bearing. The length of time for 
weight-bearing restriction can vary between 4 
and 8 weeks. Weight bearing can be advanced 
once the patient is asymptomatic and has full 
range of motion of the affected hip. If there is 
concern about the patient’s ability to maintain the 
restricted weight-bearing status, then percutane-
ous internal fi xation should be considered.

        Classifi cation 

 Femoral neck fractures were originally classifi ed 
by  Delbet   in 1907 and reported by Colonna [ 19 ]. 
The classifi cation is commonly used and has 
proven to be useful and applicable since it not 
only allows for an accurate morphological assess-
ment, but it also has prognostic signifi cance 
(Fig.  5.3 ). In 2006, Moon et al. [ 20 ] demonstrated 
that the risk for development of osteonecrosis 
increases with the complexity of the fracture and 

progressively correlates with the Delbet type of 
injury. Types I, II, and III fractures were 15, 6, 
and 4 times more likely to develop ON than type 
IV fractures, respectively. ON rate by Delbet 
class was I = 38 %, II = 28 %, III = 18 %, and 
IV = 5 %; this rate of ON has been corroborated in 
more recent reports [ 20 ].

      Type I: Transphyseal Fractures 

 Overall rare,  Type I transepiphyseal fractures   
(Fig.  5.4 ) constitute 8 % of femoral neck frac-
tures. An isolated injury through the proximal 
femoral physis is labeled -IA. Type IB has an 
associated femoral head dislocation from the ace-
tabulum, and it can be present in up to 50 % of 
Type I fractures. Type IB fractures usually pres-
ent in young children involved in high-energy 
trauma. It has also been reported as iatrogenic 
physeal fracture during closed reduction of a dis-
located hip [ 21 ]. It is unclear if injury to the 
growth plate occurs during trauma or with force-
ful reduction maneuvers thereafter. For this rea-
son, we recommend that closed reduction of a hip 
dislocation in a child with open proximal physis 
should be performed under sedation with fl uoro-
scopic guidance in the operating room. The sur-
geon should consider percutaneous pin fi xation 
of the physis prior to reduction if fl uoroscopic 
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views suggest instability of the physis as evidenced 
by displacement or abnormal separation of the 
ossifi c nucleus from the metaphysis compared 
to the normal contralateral hip. Injuries with fem-
oral head dislocation have a poor prognosis in 
children. High rates of ON have been described, 
and premature physeal closure has been reported 
to be as high as 100 % [ 1 ].

       Type II: Transcervical  Fractures   

 Transcervical fractures (Fig.  5.5 ) are the most 
common type of hip fracture, accounting for half 
of proximal femur fractures in children. 
Fortunately, a non-displaced fracture has a low 
incidence of ON. However, with displaced Type 

II fractures, the rate of ON has been reported to be 
28 % [ 20 ]. ON most commonly develops in older 
children and different etiologies have been pro-
posed, including vessel kinking, and disruption 
secondary to displacement, as well as increased 
intracapsular pressure after the fracture.

       Type III: Cervicotrocanteric  Fractures   

 Type III fractures (Fig.  5.6 ) have similar out-
comes to type II fractures. Type III injuries are 
distal on the neck and have an incidence of ON 
reported from 18 to 30 % in displaced fractures. 
Appropriate anatomic reduction and fracture site 
compression can decrease the incidence of this 
complication [ 22 ].

  Fig. 5.3    Delbet 
classifi cation of hip 
fractures in children. I, 
transepiphyseal with 
(IB) or without (IA) 
dislocation from the 
acetabulum; II, 
transcervical; III, 
cervicotrochanteric; and 
IV, intertrochanteric       

  Fig. 5.4    AP pelvis and frog lateral X-ray demonstrating a Delbet Type I fracture in a 25-month-old male       
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       Type IV: Intertrochanteric  Fractures   

 Type IV fractures (Fig.  5.7 ) have the lowest com-
plication rates, and generally good outcomes sec-
ondary to its extracapsular nature. ON rates are 
reported to be close to 5 %; reports of physeal 
closure and  coxa vara   are rare, but have been 
published.

        Treatment 

     Non-operative Management   

 Type I non-displaced physeal neck fractures in 
patients under 2 years of age can be managed 
with spica casting and close observation to assure 
no displacement. In patients with mild displace-
ment, a gentle attempt of closed reduction can be 
performed. If the reduction is anatomic, then 
stable casting can be performed without fi xation. 
Spica casting should be done with the limb 
abducted and in neutral rotation to avoid varus 
and external rotation displacement. Serial radio-
graphs should be obtained 3–5 days after initial 
casting and then weekly for 3–4 weeks to confi rm 
maintained alignment and healing. Early fracture 
displacement should warrant immediate fracture 
reduction and fi xation. Spica cast should be uti-
lized for 6 weeks until the fracture is healed. 

 Non-displaced Type IV fractures in children 
under 4 years of age can be treated with 12 weeks 
of spica  casting  . Again, close observation should 
be employed, with a low threshold for operative 
fi xation in the setting of displacement. Weekly 
radiographs for the initial 3–4 weeks are recom-
mended. If the castradiographs are diffi cult to 
interpret and displacement is questionable, a lim-
ited  hip   CT scan should be performed to confi rm 
reduction [ 1 ].  

  Fig. 5.5    AP and lateral X-ray of a 13-year-old male with Delbet Type II femoral neck fracture       

  Fig. 5.6    Radiograph of a patient with a Delbet Type III 
cervicotrochanteric fracture       
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    Operative Management 

     Closed Reduction and Percutaneous 
Pinning   
 Closed reduction and pinning can be performed 
for certain anatomically reducible neck fractures 
and in certain physeal separations. 

 In very young infants and toddlers (under age 2) 
with unstable physeal separations (Type I) or 
unstable neck fractures Types II and III, smooth 
2 mm Kirschner wires can provide suffi cient fi xa-
tion (Fig.  5.8a, b ). For older children above ages 
4–6 years with displaced unstable fractures includ-
ing Type I physeal separations, II and III fractures, 
cannulated screw fi xation is necessary [ 1 ]. Respect 
for fracture stability is of utmost importance, and 

crossing the physis to obtain stability is more 
important than potentially creating a minor leg 
length discrepancy from a premature physeal 
arrest. Inadequate fi xation of the proximal frag-
ment because of fi xation short of the physes often 
results in late displacement and a high rate of 
ON. In children up to age 8 years, 4.0–4.5 mm can-
nulated screws can be used; in older children, 
6.5 mm cannulated systems are indicated.

        Technique 

 The patient is positioned supine on a fl at radiolu-
cent table; a fracture table can also be used depend-
ing on the surgeon’s preference and institution’s 

  Fig. 5.7    Radiograph of 
a 13-year-old male with 
Delbet Type IV fracture       

  Fig. 5.8    ( a ,  b ) Radiographs of a 25-month-old who sustained an injury during a fall. ( a ) Radiograph showing a preop 
physeal separation. ( b ) Postoperative radiograph on spica cast after transphyseal K wires       
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availability.  C-arm fl uoroscopy   is brought in from 
the contralateral side; AP and lateral frog views 
should be obtained prior to starting the procedure 
to confi rm appropriate visualization, without 
moving the leg to obtain these images. 

 If fl uoroscopy imaging demonstrates fracture 
displacement, traction internal rotation and 
abduction are usually necessary to obtain ana-
tomic alignment. If reduction is not anatomic, the 
surgeon should change plans and perform an open 
reduction. The greater trochanter (GT) is marked 
on the skin laterally and percutaneous fi xation is 
inserted laterally through the  tensor fasciae latae 
(TFL)   just below the GT but not distal to the 
lesser trochanter, to prevent the creation of a 
“stress riser.” K wires or guide wires for cannu-
lated screws are passed through the femoral neck 
under direct fl uoroscopic visualization. 

 Two or three wires provide enough stability. 
Wires should be placed across the physis in a par-
allel fashion. Once appropriate  X-ray confi rma-
tion   of reduction and pin placement is confi rmed, 
wires should be cut and bent over the lateral fem-
oral cortex under the skin. This requires a second 
procedure for removal of hardware, but avoids 
migration or risk of infection. In older children, 
over age 3, reaming can be performed over the 
pins and appropriate-length cannulated screws 
placed. Screws should be placed across the phy-
seal scar to prevent torsion stress transfer to the 
physis. AP and lateral views should confi rm ade-
quate screw/pin placement; a total of two screws 
are suffi cient in young children and in older ado-
lescents, three screws give excellent fi xation but 
sometimes are diffi cult to insert due to the size. 
Screws should be drilled and tapped to avoid 
rotational fracture displacement during screw 
insertion. Some authors recommend hip joint 
aspiration to relieve the hemarthrosis that can 
theoretically decrease fl ow of the retinacular ves-
sels to the femoral head [ 23 ]. 

     Open Reduction   
 Open reduction of a femoral neck fracture is indi-
cated when anatomic closed reduction cannot be 
attained by gentle manipulation. The fractures that 
require this type of procedure should be treated in 

an urgent manner (<24 h) since this potentially 
decreases the risk of developing ON [ 23 ].   

    Approaches 

 An anterolateral (Watson-Jones) is a useful 
approach for Delbet Types Ia, II, and III femoral 
neck fractures. The patient is positioned supine 
with the greater trochanter on the edge of a fl at 
radiolucent table. 

 A 5–8 cm straight longitudinal incision is cen-
tered on the tip of the greater trochanter. With this 
approach there is no true internervous plane; glu-
teus medius and the  tensor fasciae latae (TFL)   are 
both innervated by the superior gluteal nerve. 

 The interval between TFL and gluteus medius 
is developed bluntly and retractors placed to 
expose gluteus medius and vastus lateralis dis-
tally. The anterior border of gluteus medius is 
identifi ed and retracted posterior/superiorly or, if 
necessary, a third of its insertion is elevated from 
the GT. This will expose the femoral neck and the 
hip capsule and allow for open reduction of a 
femoral neck fracture and or decompression of 
the hip joint [ 24 ]. 

 A lateral (Hardinge) approach is useful for 
Delbet Type Ib and IV femoral neck fractures. 
The patient is positioned supine with greater 
trochanter on edge of fl at radiolucent table. The 
incision is 5–8 cm straight longitudinal centered 
on the tip of the greater trochanter. 

 There is no true internervous plane; gluteus 
medius and the tensor fasciae latae (TFL) are 
innervated by the superior gluteal nerve. The dis-
section is between the interval between  TFL and 
gluteus medius  , is developed bluntly, and retrac-
tors placed to expose gluteus medius and vastus 
lateralis distally. The gluteus medius is identifi ed 
and split, starting in the midpoint of the insertion 
on the GT and continuing proximally for a maxi-
mum of 3 cm. Injury to SGN can be caused if 
dissection is carried further proximally. 

 The anterior part of the gluteus medius muscle 
with its underlying gluteus minimus and the ante-
rior part of the vastus lateralis muscle are elevated 
from the GT and retracted anteriorly. After this is 
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done, the femoral neck and the anterior hip joint 
capsule will be exposed [ 24 ]. 

 Once adequate exposure of the fracture site is 
achieved, anatomic reduction of the fragments is 
performed with the help of bone-reduction 
clamps. The femoral neck can be brought anteriorly 
with the help of a bone hook placed anteriorly 
over the medial neck, and after reduction is 
achieved, this is confi rmed with fl uoroscopy and 
palpation. Fixation with  cannulated screws   or 
pins is performed as described above. 

 Occasionally, it is useful to perform an ante-
rior Smith-Peteresen approach combined with a 
lateral approach. This allows optimal visualiza-
tion of the fracture and assurance of a decom-
pression with anatomic reduction, as the anterior 
approach will bring the exposure directly down 
onto the fracture site. This approach should be 
familiar to most orthopedic surgeons and utilizes 
the interval between the tensor and sartorius 
superfi cially, and exposing and retracting the rec-
tus at the deep layer. This exposes the capsule 
which can be opened directly on the neck. The 
concomitant lateral approach will allow for fur-
ther control of the fracture and for optimal expo-
sure for implant placement. 

    Plate Fixation 
 There are a variety of implants available for 
fractures amenable to  plate fi xation  , which are 
usually Delbet Type III and IV fractures. The 

available implants include standard dynamic hip 
screw constructs, which are sized for children, 
adolescents, and adults (Fig.  5.9 ). There are also 
newer generation pediatric locking plates which 
allow for locking screw placement into the femo-
ral neck. These come in sizes of small (3.5 mm) 
or larger (5.00 mm) and have varying degrees of 
fi xed screw-plate angles. There are no surgeon- 
specifi c guidelines for which size implant to 
use, and having a couple of sizes available will 
allow for intraoperative decision given the size 
of the femur.

   A pediatric plate and screw device provides 
excellent fi xation for Type III and IV fractures, 
as failures of cannulated screws can occur 
(Fig.  5.10a–c ).

        Technique 

 Incision is made starting at the base of the GT 
and carried on distally. Usually 6–8 cm is suffi -
cient for plate fi xation. Subcutaneous tissue is 
divided with the use of eletrocautery and TFL is 
exposed and incised in line with its fi bers. The 
vastus lateralis is then visualized and an “L” type 
incision over its fascia is performed, detaching it 
vertically 1 cm distal from its insertion on the 
GT, and then in line with its fi bers longitudinally 
on the posterior border. Leaving a 5 mm posterior 
cuff of  vastus fascia   can aid in later closure. 

  Fig. 5.9    Radiographs of a 13-year-old male who underwent fi xation with a dynamic hip screw for a femoral neck 
fracture       
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The sub-vastus approach is carried out elevating 
vastus anteriorly and exposing the lateral femoral 
cortex. 

 Once reduction is confi rmed, a guide wire is 
drilled through the center of the femoral neck. 
This can be drilled with a device guide, achieving 
the appropriate femoral neck-shaft angle (most 
commonly a 135° device is utilized). The guide 
wire does not need to transfi x the femoral physis 
for Type IV fractures; position is confi rmed with 
AP and lateral fl uoroscopic views. Before drill-
ing, an anti-torque wire can be placed parallel 
and superior to the hip screw guidewire to avoid 
rotational displacement. The appropriate screw 
length is measured with a depth gauge and the 
screw hole is drilled over the guide wire. The lag 
screw is placed and a three-hole side plate is 
passed over the screw. The plate is secured with 
 bicortical screws   and fi nal hardware positioning 
is checked under fl uoroscopy. 

 Newer generation locking-plate fi xation is per-
formed in a similar manner with cannulated tech-
niques, to allow for optimal locking screw 
placement via placement of correctly placed guide 
wires through plate-specifi c guides. These plate–
screw constructs allow potentially greater fi xation 
in osteopenic bone than a dynamic hip screw, giv-
ing the locking technology and the ability to place 
multiple screws into the femoral neck.   

     Postoperative Management   

 A spica cast should be used in patients who have 
risk of displacement after  operative management  , 
because of limited fi xation (k-wires), uncontrol-
lable behavior, or poor bone biology. In general, 
most children under age 8 will tolerate a one- 
legged spica appropriately. The spica can be 
maintained for 6 weeks in patients under 8 years 
of age with Delbet I, II, and III fractures. For 
patients requiring spica cast immobilization after 
a closed reduction, weekly radiographic follow-
 up should be maintained for 3–4 weeks until cal-
lus formation is present. Older patients as well as 
Delbet Type IV fractures should receive stable 
fi xation, and they will likely be stable enough to 
allow for progressive weight bearing. 

 A gradual return to weight-bearing activities 
is instituted after evidence of callus formation 
and fracture healing, usually at a minimum of 6 
weeks. However, most families should be coun-
seled regarding non-weight bearing for up to 3 
months. Return to regular activities can be 
allowed at 3–6 months after injury if clinical and 
radiographic healing is evident and appropriate 
rehab has been performed. Return to full sports 
can be allowed after return of painless range of 
motion and full strength. Follow-up  should   be 

  Fig. 5.10    ( a – c ) 12-year-old male with intertrochanteric 
fracture. ( a ) Nonunion after cannulated screw fi xation. ( b ) 
Revision nonunion with valgus realignment and proximal 

femoral 5.00 mm locking plate. ( c ) 6-week follow-up with 
interval healing       
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done on a regular basis approximately every third 
month for the fi rst year to monitor for ON, and 
then yearly until maturity in order to evaluate for 
femoral neck fracture complications.  

    Complications and Outcomes 

 Due to the fact that femoral neck fractures have 
high rates of complications, operative manage-
ment has increased in the last few decades. It is 
well known that anatomic reduction will improve 
outcomes and avoid malunions. Outcomes after 
femoral neck fractures have been studied, and 
recent reports have demonstrated good outcomes 
in approximately 60 %, fair in 20 %, and poor 
results in 20 % of patients with this injury [ 23 ]. 

     Osteonecrosis (ON)   

 Oste onecrosis   is the most severe complication 
following femoral neck fractures in the pediatric 
population, and also the most diffi cult to manage. 
Greater rates of ON and nonunion are seen with 
higher energy fractures such as Delbet I and II 
fractures. Recent reviews have reported a 23 % 
average of ON after femoral neck fractures rang-
ing from 40 % in Delbet I (a rate of 100 % was for 
IB fx) to 5 % in Type IV fractures. Rates of ON in 
fractures treated with open reduction are 2.5 
times higher than with closed reduction, but it is 
unclear if this is due to the surgical treatment or 
more likely to the severity of the injury requiring 
an open reduction. Urgency of surgical reduction 
is also relevant when treating femoral neck frac-
tures, as the risk of ON is four times higher when 
defi nitive treatment is delayed greater than 24 h 
after injury. Decompression of the hip joint after 
a femoral neck fracture remains controversial. 
Some studies have supported joint decompres-
sion, but others have failed to fi nd differences in 
risk of ON [ 23 – 27 ]. The authors believe that 
when an open reduction is required, a routine 
decompression can be performed with low mor-
bidity, and hence recommend decompressing the 
joint in displaced femoral neck fractures. Review 
of 72 femoral neck fractures at the authors’ 
institution has demonstrated that displacement, 

treatment within 24 h, and fracture type are sig-
nifi cant predictors of a patient developing 
ON. Odds of developing ON after suffering a dis-
placed femoral neck fracture are 9.4 times the 
odds of a subject without a displaced fracture 
(95 % CI 1.3–69.5). Delbet Type I had 14 times the 
odds of developing ON (95 % CI: 1.08–175.58) 
and Type II fractures had four times the odds of 
developing ON (95 % CI: 1.09–16.41) when com-
pared to Type III fractures [ 28 ]. 

 The treatment of femoral head ON should take 
into consideration the patient factors such as age, 
activity level, and medical comorbidities, along 
with the clinical and radiological fi ndings. The 
size and location of the necrotic segment, degree 
of femoral head depression, presence of acetabu-
lar involvement, and the morbidity of the surgical 
procedure planned are the major factors in decid-
ing the treatment plan. 

 Treatment options for  ON      can be categorized 
as: non-surgical/medical treatment, joint- 
preserving procedures, and prosthetic replace-
ments. The role of medications in osteonecrosis 
is still experimental and limited. Proposed medi-
cations include low-molecular-weight heparins, 
statins, and bisphosphonates. Many joint- 
preserving procedures have been described for 
the management of precollapse and early stages 
of ON. There is no single procedure that has pro-
duced reproducible and satisfactory long-term 
results. Some of the commonly used joint- 
preserving surgical procedures include:

•    Core decompression  
•   Vascularized bone grafting  
•   Non-vascularized bone grafting  
•   Bone marrow and bone morphogenic protein 

injection  
•   Acetabular and femoral osteotomies     

     Nonunion   

 Femoral neck nonunion is defi ned as a failure of 
fracture healing greater than 6 months after ini-
tial treatment, and is a complication which occurs 
in approximately 11 % of pediatric femoral neck 
fractures. Delbet Type II fractures have an 
increased risk of nonunion, while Type IV present 
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a smaller risk, which is related to the anatomical 
blood supply. Mechanical forces related to non-
stable fi xation can be implicated in the majority 
of cases. The presentation of a nonunion requires 
further operative treatment to decrease the shear 
forces at the fracture site; commonly this is facili-
tated with a subtrochanteric  valgus   femoral 
osteotomy.  

     Infection   

 Infection is a rare complication following pediat-
ric femoral neck fracture fi xation. Irrigation and 
debridement should be performed; implant reten-
tion is usually necessary until fracture healing 
has occurred. Appropriate cultures should be 
obtained and intravenous antibiotics should be 
used according to the results of the cultures. 
Femoral neck infection can progress into a non-
union, malunion, or osteonecrosis, thus further 
complicating the patient’s outcome, as such early 
aggressive treatment can minimize these poten-
tial complications.  

    Malunion/Coxa Vara and  Premature 
Physeal Closure (PPC)   

  Coxa vara   is defi ned as a femoral neck-shaft 
angle of <120° and is the second most common 
complication of hip fractures in children. In a 
recent meta-analysis,  coxa vara   was reported to 
be present in 153 of 828 patients (18.5 %) with 
femoral neck fractures. Review of the literature 
demonstrates that the risk of  coxa vara   is 
decreased in patients treated operatively, and is a 
clear risk factor for development of hip osteoar-
thritis (OA). Epyphysiodesis of the greater tro-
chanter is a treatment option for children younger 
than age 8 years to prevent further variation. PPC 
has been reported to develop in 22 % of patients 
with this injury [ 23 ]. Closure of the physis will 
affect patients differently depending on the age 
of presentation. Secondary angular deformity 
and leg length discrepancy on occasions will 
require further surgical treatment.   

    Conclusions 

•     Femoral neck fractures are rare in the pediat-
ric population, but the potential complications 
are severe, and pediatric orthopedic surgeons 
must be familiar with management of each 
type of injury appropriately in order to mini-
mize risk of developing complications.  

•   The Delbet classifi cation is reliable and prog-
nostic, and currently the preferred classifi ca-
tion for femoral neck fractures.  

•   Anatomic reduction can decrease deformity 
and should be the goal of operative interven-
tion. Displaced femoral neck fractures should 
be treated urgently (<24 h) to decrease risk 
of ON.  

•   Patients under age 8 with risk of displacement 
after operative management should be consid-
ered for  immobilization   with a one-legged spica.  

•   Incidences for ON, nonunion,  coxa vara  , and 
PPC are 23 %, 8 %, 17 %, and 22 %, respec-
tively. Incidence of complications rises accord-
ing to severity of injury.  

•   Displacement, treatment within 24 h, and 
fracture type are signifi cant predictors of a 
patient developing ON.        
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