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          Introduction 

 Femur fractures in the neonate, infant, and tod-
dler have a subset of unique challenges. The very 
young child has a dramatic and rapid healing 
response. Long-term outcomes for femur frac-
tures in this age group are good, and treatment is 
typically non-surgical. Child abuse and meta-
bolic/developmental conditions must be consid-
ered in these patients as well.  

    Birth Trauma/Neonatal Fractures 

     Obstetric Fractures   

 The obstetric femur fracture is specifi c to the 
event of delivery, in both  vaginal and abdominal 
births   (via C-section). While  risk factors   exist 
that can predispose a fetus to a fracture during 
delivery, it can occur in a normal child during an 

otherwise normal delivery. Neonatal femur frac-
tures, or fractures that occur shortly after birth, 
tend to occur in children with additional risk fac-
tors, such as prematurity, child abuse, metabolic 
conditions related to prematurity, and underlying 
conditions such as osteogenesis imperfecta (OI). 

 Despite the excellent  healing and remodeling 
potential   for these injuries, they can create stress 
and concern for the family following the birth of 
their child. While no prospective studies cur-
rently exist, one retrospective review from 
Ireland determined an incidence of 0.13 per 1000 
live births at their hospital [ 1 ]. Historically 
speaking, obstetrical femur fractures were typi-
cally considered iatrogenic from excessive trac-
tion and/or torque during a diffi cult breech 
delivery or attempts at version [ 2 – 10 ]. With 
Caesarean section becoming more routine for 
fetuses in the breech position [ 8 ,  11 ], most recent 
studies have reported fractures occurring during 
Caesarian delivery for breech, and occasionally 
for non- breech, presentation [ 2 ,  3 ,  7 ,  12 – 28 ]. 
While rare, femoral fractures have been reported 
during vaginal delivery for cephalic presentation 
as well [ 1 ,  3 ]. 

    Mechanism 
 The common  mechanism   for most obstetric- 
related fractures appears to be excessive traction 
and/or torque during a diffi cult delivery. For a 
vaginal breech delivery, traction on the thigh 
after the breech is fi xed at the pelvic inlet or 
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improper handling during shoulder and arm 
delivery can cause the fracture. While Caesarian 
delivery for breech presentation is thought to 
lessen the risk of femur fractures during delivery, 
there is some thought that since abdominal and 
vaginal delivery methods are similar, the risk of 
femur fracture from Caesarian delivery persists 
[ 22 ,  27 ]. External cephalic version of the infant 
in utero has also been implicated [ 9 ]. 

 In modern times, Caesarian section has 
become the common method of delivery for 
fetuses in the breech position [ 8 ,  11 ]. As such, 
most current reports of obstetric femur fractures 
involve Caesarian delivery. There are likely sev-
eral ways during a diffi cult breech extraction that 
a femur fracture can occur. Commonly cited risk 
factors, as shown in Table  3.1 ,    include small uter-
ine incisions [ 4 ,  16 ,  20 ,  22 ,  26 ], large or very 
small birth-weight babies [ 3 ,  12 ,  14 ,  22 ,  23 ,  29 ], 
an impacted extremity in the pelvis during extrac-
tion [ 17 ,  20 ], uterine fi broids [ 4 ,  17 ], twin preg-
nancies [ 1 ], inadequate uterine relaxation [ 20 ], 
and associated metabolic- and neuromuscular- 
related conditions, etc. [ 29 – 34 ]. In some reports, 
no risk factor is identifi ed [ 17 ,  20 ,  21 ,  25 ,  27 ,  28 ].

        Location   
 Most obstetric-related fractures occur in the fem-
oral shaft [ 1 ], however, fractures along the entire 
length of the femur have been reported. Notable 
reports in the literature include physeal separa-
tions of the proximal [ 6 ,  12 ,  35 – 40 ] and distal [ 6 , 
 21 ,  29 ,  33 ,  36 ,  41 ] femoral epiphyses, distal 
metaphyseal fractures [ 7 ,  9 ,  25 ], and subtrochan-

teric fractures [ 27 ]. The proximal femoral epiph-
yseal fracture in the neonate is unique in that the 
femoral head and neck as well as the greater and 
lesser trochanters are avulsed off as one piece 
from the proximal shaft [ 40 ].   

    Neonatal Fractures 

 Femur fractures in the neonatal period (fi rst few 
weeks of life) often occur in settings and/or  con-
ditions   such as OI, prematurity, and child abuse 
[ 15 ,  30 ,  32 ,  42 – 45 ] (Fig.  3.1 ). With the exception 
of the abused child, these children are often hos-
pitalized when the fracture occurs, which can 
result from minor extremity manipulation [ 1 ,  15 , 
 32 ,  33 ,  42 ,  45 – 47 ]. Very low birth weight 
(VLBW) infants (<1500 g) have been reported to 
have a total fracture incidence of 2–10 % [ 46 ,  48 ]. 

   Table 3.1     Risk factors   for obstetric femur fracture   

 Risk factors  Diseases/conditions 

 Large or small birth 
weight babies 

 Osteogenesis imperfecta 

 Small uterine 
incisions during 
C-section 

 Cerebral palsy 

 Uterine fi broids  Multisynostotic osteodysgenesis 

 Impacted extremity 
in pelvis during 
abdominal extraction 

 Spinal muscular atrophy 

 Inadequate uterine 
relaxation 

 Spina bifi da/myelomeningocele 

 Twin  pregnancies   

  Fig. 3.1    Atraumatic subacute left femur fracture ( arrow ) 
in a neonate with multisynostic osteodysgenesis that was 
picked up incidentally on a chest and abdomen X-ray. 
Also noted are the characteristic bilateral humeroradial 
synostoses with an associated humerus fracture, right 
femoral bowing, bilateral teratologic hip dislocations, and 
evidence of obstructive micrognanthia s/p jaw distraction. 
The patient was in the NICU at the time of the fractures. 
Used with permission of the Children’s Orthopaedic 
Center, Los Angeles, CA       
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This may be an underestimate, as some fractures 
(ex: rib fractures) likely go undiagnosed [ 46 ,  48 ]. 
When femoral fractures occur in VLBW infants, 
they tend to be in the metaphysis or  diaphysis   
[ 15 ,  30 ,  32 ,  42 ,  45 – 48 ]. Determining the cause 
of the fracture may require a more thorough 
workup, for the reasons listed above. Often these 
patients will require a head-to-toe physical exam-
ination to look for associated abnormalities, 
including lab work, imaging, and a multidisci-
plinary team approach to fi nd an underlying 
cause. If an otherwise healthy, term neonate has 
a femur fracture, child abuse should be sus-
pected [ 34 ,  49 – 53 ].

        Physiologic Factors   

 In preterm neonates, rickets has been recognized 
and described as a risk factor for fracture in 
VLBW infants [ 46 ,  48 ,  54 ]. The incidence of 
rickets in this population is not well known but 
reports suggest that at least 10–20 % of preterm 
neonates that weigh <1000 g have radiographic 
signs of rickets [ 54 ,  55 ]. Further, preterm neo-
nates with alkaline phosphatase (ALA) levels 
>1000 IU/L may have a 50–60 % incidence of 
rickets [ 54 ]. Conditions in the preterm neonate 
that may cause or exacerbate rickets include 
cholestasis (which impairs metabolic production 
of Vitamin D), bronchopulmonary dysplasia (in 
which the infant is given steroids and/or loop 
diuretics which tend to increase urinary excretion 
of calcium), and prolonged parenteral feeds that 
have not been properly supplemented with cal-
cium, phosphorus, and Vitamin D [ 43 ,  46 ,  54 ]. 
While an in-depth discussion of the physiology 
of rickets is beyond the scope of this chapter, the 
recognition of it in this patient population is para-
mount so that appropriate supplementation with 
calcium, phosphate, and Vitamin D can occur to 
reverse the rickets and prevent further fractures 
[ 43 ,  54 ]. Often, pre-pumped breast milk and/or 
formula can be fortifi ed with these vitamins and 
minerals specifi cally for preterm neonates, and 
parenteral feeds can be altered to increase  the   
availability of these nutrients [ 54 ].  

    Presentation and  Diagnostic 
Modalities   

 Most patients in this age group with femur frac-
ture present with “ pseudoparalysis,”   or unwill-
ingness to move the affected extremity. Swelling 
and tenderness to palpation are typically present 
as well. Notably, this is also how an orthopedic 
infection such as osteomyelitis or septic arthritis 
presents in this age group and should therefore be 
on the differential diagnosis [ 56 – 58 ]. While the 
vast majority of femur fractures are easily diag-
nosed via plain radiographs, physeal fractures in 
this early age group may be missed using this 
modality [ 6 ,  12 ,  21 ,  29 ,  41 ,  59 ]. In these situa-
tions, the clinician should consider other diag-
nostic tools such as magnetic resonance imaging 
(MRI) and ultrasound (US) [ 29 ,  37 ,  59 ], which 
are useful for physeal injuries as well as for 
detecting infection. Computed tomography (CT) 
can also be utilized [ 29 ], but should be a third 
option due to radiation exposure and the degree 
to which femoral structure remain non-ossifi ed in 
this age group.  Arthrography   can also be consid-
ered as an adjunct if other modalities are unavail-
able [ 29 ]. Laboratory tests such as C-reactive 
protein, erythrocyte sedimentation rate and white 
blood cell counts should be ordered if an infec-
tion is suspected.   

    Infantile and Toddler Fractures 

 As children exit the neonatal phase of life, they 
become more mobile and start crawling and 
eventually walking. This mobility increases their 
risk of sustaining an accidental femur fracture, 
usually from a fall [ 60 – 62 ].  Child abuse   is still a 
signifi cant cause of injury in this age group, and 
the clinician must keep this possibility in mind 
[ 60 – 64 ]. This is particularly true if the child is 
not yet walking. In the pre-ambulatory period of 
life, the child generally cannot generate enough 
energy on his or her own to sustain a femur fracture. 
Thus, most femur fractures in the pre- ambulatory 
age group are secondary to non-accidental trauma 
(NAT), high-energy trauma such as falls (typically 
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a fall by a caregiver or a crawling child who falls 
down stairs, as opposed to a fall in an ambulatory 
child), motor vehicle accidents, and conditions of 
bone fragility, such as OI [ 33 ,  34 ,  43 ,  47 ,  60 – 63 , 
 65 – 69 ]. Femoral fractures as they relate to child 
abuse will be discussed in a later section. Once 
the child begins walking, twisting mechanisms 
from accidental trauma become more common, 
although child abuse is still frequently seen [ 62 , 
 70 – 72 ]. 

    Epidemiology 

 There is some variation in how the incidence of 
 pediatric femur fractures   is reported. The Hospital 
Discharge Database of the Maryland Health 
Services Commission was reviewed between 
1990 and 1996 and determined an annual fracture 
rate of 25.5/100,000 in children <2 years of age 
in the state of Maryland [ 73 ]. A study analyzing 
the 2000 Healthcare Cost and Utilization Project 
Kids’ Inpatient Database (KID) reported that of 
10.8 % of all femur fractures occurred in children 
<2 years of age [ 62 ]. This database records data 
on pediatric hospital discharges for most U.S. 
states. A month-by-month analysis of the 1997 
KID database showed a bimodal distribution of 
femur fracture incidence with a peak occurring 
around 3 months of life and again around 20–40 
months [ 61 ]. The rate of fracture for children less 
than a year of age was 43/100,00; for children at 
1 year of age the rate was 33/100,000; and a rate 
of 42/100,000 was observed for children 2 years 
old. A review of the Colorado Trauma Registry 
between 1998 and 2001 determined a rate of 
29.4/100,000 person- years in the 0–3 age group 
in that state [ 71 ]. A Swedish study examined 
femoral fractures from their Inpatient Care 
Register and determined an incidence of just less 
than 2 per 10,000 person- years for children <2 
years old [ 63 ]. 

 In all studies examined, males sustained the 
majority of fractures. In older age groups, males 
sustained as much as 70 % or more of all femur 
fractures. In the infant and toddler age group, 
however, the fracture  rate   between genders was 
much closer. The 2000 KID database study deter-

mined that females accounted for 40 % of frac-
tures in the 0–2 age group [ 62 ]. The previously 
mentioned Swedish study found an equal rate of 
fracture among genders in the 0–1 and 2–3 year 
age groups [ 63 ]. The Maryland and Colorado 
studies also found near equal annual  fracture 
rates   between genders in the fi rst year of life, as 
did the 1997 KID database study [ 61 ,  66 ,  71 ,  73 ]. 
The 1997 KID database study, which looked at 
fracture rate by month, also found a peak in frac-
ture rate around 3 months of age in both genders 
during the fi rst year of life. With children of ages 
greater than 2 years, females had an overall lower 
rate of fracture consistent with older age group 
demographics. All authors suggested this closer 
gender gap was likely due to the high incidence 
of child abuse seen in infants and young children 
[ 61 – 63 ,  71 ,  73 ]. 

 Race and socioeconomic status also affect 
fracture rates. This tends to hold true for all age 
groups. The Colorado and Maryland studies 
examined this and found that racial minority 
patients, patients with low socioeconomic status, 
and patients with single mothers as head-of- 
household were at more risk of sustaining a 
femur fracture [ 71 ,  73 ].  

     Mechanism and Location   

 Femur fractures in infants and toddlers are most 
frequently due to falls and child abuse [ 43 ,  50 , 
 60 ,  62 ,  68 ,  71 ,  73 – 78 ]. In patients less than 3 
years, approximately 50–65 % of all accidental 
femur fractures are attributed to falls [ 62 ,  71 ,  73 ]. 
Less frequent are motor vehicle accidents and 
pedestrian vs. auto accidents [ 60 ,  62 ]. About 
65–70 % of femur fractures in children <2 years 
occur in the femoral shaft [ 62 ,  71 ,  76 ]. In acci-
dental trauma, especially in children who do not 
yet ambulate, it is common for the patient’s care-
taker or older sibling to fall while carrying the 
child or fall onto to the child [ 67 ,  69 ]. In these 
situations, fractures are typically buckle/impac-
tion fractures of the distal metaphysis or spiral/
long oblique or transverse/short oblique fractures 
of the mid-shaft [ 69 ]. Fewer accidental femur 
fractures (and for that matter, fractures due to 
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child abuse) occur in the proximal femur or distal 
epiphysis. When they do, they are typically, but 
not always [ 53 ], related to a high-energy mecha-
nism such as being involved in a car accident or 
being struck by a car or other fast-moving object 
[ 62 ,  69 ,  71 ,  76 ].   

    Treatment 

 Treatment is often dictated by age and/or weight 
of the child, despite lack of any reports describ-
ing a weight-based algorithm [ 79 ]. 

    Obstetric and Neonatal Fractures 

 Traction and long leg or spica casting for shaft 
and metaphyseal femur fractures in neonatal and 
obstetric fractures have been described [ 1 ,  9 ,  20 , 
 28 ,  45 ,  47 ,  80 ]. However, more recent reports 
describe use of a  Pavlik harness   for these fractures 
[ 64 ,  79 ,  81 – 83 ], and the authors prefer the Pavlik 
harness technique for these fractures in patients 
who are large enough to fi t in one, which typically 
excludes premature infants. The technical details 
for using the Pavlik harness are described below. 
Traction (e.g. Gallow’s [ 45 ] or Bryant’s [ 40 ]) has 
largely fallen out favor in the United States due to 
compartment syndrome risk [ 84 ] and need for 
prolonged immobilization [ 45 ]. While this is an 
option, the authors prefer splinting of these inju-
ries. Splinting is typically makeshift and can 
include a plaster slab and bias wrap, but can also 
be successfully accomplished with something as 
simple as a tongue depressor and a gauze wrap. 
The latter may be more appropriate for the VLBW 
infants because the weight of a plaster splint may 
be excessive. It is vitally important that the limbs 
are not wrapped too tight, and that frequent neuro-
vascular checks are performed. Gentle elevation 
may help control swelling. The authors do not 
typically perform spica casting for femur frac-
tures in this patient group. 

  Epiphyseal injuries   in this group have been 
treated with closed and open methods [ 4 ,  6 ,  12 , 
 21 ,  29 ,  36 ,  37 ,  41 ,  59 ]. It is diffi cult to draw fi rm 
conclusions about treatment for these injuries 

because most literature is in the form of case 
reports and many reports are at least 30 years old 
[ 6 ,  7 ,  12 ,  39 ,  41 ,  85 ]. This entity is either being 
seen less or is being reported less often today. 
Some authors speculate this may be due to 
improved obstetric practices [ 38 ]. 

  Distal femoral physeal fractures   are typically 
treated with closed reduction and immobiliza-
tion, or even immobilized in situ and allowed to 
remodel. Sometimes, there is a delay in diagnosis 
such that callous formation has already occurred 
and the physician has no choice but to allow the 
fracture to remodel. Riseborough et al. included 
fi ve patients with obstetric distal femoral physeal 
fractures in a larger study of these injuries in a 
mixed age group of pediatric patients [ 10 ]. All 
fractures were treated closed without an attempt 
at reduction. While functional outcomes are not 
detailed in the manuscript the authors note that 
only one patient out of the fi ve with obstetric 
fractures had a signifi cant leg length difference of 
2.8 cm, which the authors believed was due to 
anisomelia [ 10 ]. Other case reports and small 
series demonstrate good outcomes with no clini-
cally signifi cant growth disturbances, angular 
deformities or functional impairments [ 21 ,  44 , 
 59 ]. There are reports of fractures managed con-
servatively with no reduction attempt that resulted 
in clinically signifi cant leg length discrepancies 
at long-term follow-up [ 36 ]. Case reports of 
closed reduction and pinning of these injuries 
with a smooth Kirschner wire have demonstrated 
good results with no growth disturbances noted 
[ 29 ,  44 ]. Making treatment recommendations 
from this is diffi cult. Minimally displaced distal 
femoral physeal fractures likely do well with 
conservative management with in situ immobili-
zation, while highly displaced fractures (i.e., 
where the epiphysis is displaced 100 % or more), 
should have an attempt at reduction and potential 
surgical stabilization. If the fracture is older than 
5–7 days or the age of the fracture is uncertain, it 
may be best to treat with in situ immobilization to 
minimize further damage to the growth with 
attempts at reduction, though there is no litera-
ture to support this recommendation. 

 Proximal epiphyseal fractures, sometimes 
called  proximal femoral epiphysiolysis  , owing to 
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the unique fracture pattern described above, are 
similarly rare. Ogden et al. reported on seven 
neonatal proximal femoral physeal injuries, fi ve 
of which were from obstetric injury and two from 
child abuse [ 40 ]. Six were treated in traction fol-
lowed by either an abduction brace or cast, while 
one was casted from the outset. All but two of the 
fractures fully remodeled with no functional defi -
cits. One patient had mild residual deformity 
with no functional defi cits and the remaining 
patient, who was a child abuse victim, had com-
plete proximal physeal arrest by 5 years of age 
and had undergone multiple corrective proce-
dures [ 40 ]. The remainder of the literature tends 
to report similar fi ndings in which most of these 
injuries remodel fully with little to no sequelae 
[ 6 ,  12 ,  37 – 39 ,  85 ,  86 ]. The remainder most often 
develop a coxa vara deformity, as well as possible 
rotational deformities or leg length  discrepancies   
that may require corrective procedures [ 35 ,  36 , 
 40 ]. There are reports of operative fi xation of 
these injuries but the numbers are too few to 
determine if these results are any different than 
conservative treatment [ 35 ,  87 ]. As with distal 
femoral physeal injuries, if the fracture is 5–7 
days old or of uncertain age, in situ immobiliza-
tion is the preferred treatment, as manipulation 
may cause iatrogenic injury to the growth plate.  

    Infant and Toddler Fractures 

 The two mainstay treatments for diaphyseal 
femur fractures in this age group are the Pavlik 
harness and the spica cast; with the harness typi-
cally being reserved for patients less than 6 
months to a year and spica casting for patients 
greater than 6 months of age. Recently, the 
American Academy of Orthopaedic Surgeons 
(AAOS) published a clinical practice guideline 
for the treatment of pediatric diaphyseal femur 
fractures. The clinical workgroup considered a 
 Pavlik harness   an option for treatment along with 
a  spica cast   for patients less than 6 months of age 
[ 64 ,  79 ]. They further recommended early spica 
casting vs. traction followed by delayed spica 
casting for patients aged 6 months to 5 years [ 79 ]. 
These were Grade C and B recommendations, 

respectively based on relative paucity of litera-
ture. Most subtrochanteric femur fractures can be 
managed with these modalities in the infant and 
toddler age group as well but further discussion 
of these fractures as well as other metaphyseal 
and epiphyseal fractures will be reserved for 
other chapters. The technical details of spica cast 
application and care are dealt with in a subse-
quent chapter as well, so the remaining discus-
sion in this section will focus on the Pavlik 
harness. 

    Pavlik Harness 
 Stannard et al. fi rst reported use of the Pavlik har-
ness for obstetric and neonatal femur  fractures   in 
1995. They produced a prospective cohort study 
of 16 fractures in 14 patients with a minimum 
12-month follow-up (range 12–30, mean 20) in 
11 patients. Age of the patients ranged from birth 
to 18 months. One patient with OI had three fem-
oral fractures. All were treated with a Pavlik har-
ness. All fractures were proximal or mid-shaft 
and all united in acceptable alignment with less 
than 1 cm of shortening [ 82 ]. Union was achieved 
by 4–5 weeks in all fractures, and the harness was 
discontinued at that time. No  complications   such 
as femoral nerve palsy, skin breakdown, etc. were 
reported. At fi nal follow-up, no malunions or leg 
length discrepancies >1 cm were noted. The 
authors felt this treatment was appropriate for 
patients <4–6 months of age if size appropriate, 
fractures of the proximal or middle shaft, and 
shortening of <2 cm. 

 Podeszwa et al. later reported on treating chil-
dren up to 1 year of age in a Pavlik harness. They 
retrospectively compared 24 patients under 1 
year of age with a femoral shaft fracture treated 
with a Pavlik harness to 16 similarly aged patients 
treated with a  spica cast   [ 83 ]. The patients dif-
fered signifi cantly with regard to age and weight. 
The Pavlik harness group had an average age of 
3.6 ± 3.8 months (range 1 week to 12 months) vs. 
6.5 ± 3.7 months (range 1 week to 12 months) 
( p  = 0.028) for the spica cast group. The average 
weight for patients treated with a Pavlik harness 
was 5.6 ± 2.1 kg vs. 7.7 ± 3.3 kg ( p  = 0.027) for the 
spica cast group. All fractures were either spiral 
or transverse shaft fractures. Average follow-up 
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was very short at 4 weeks. Both groups showed 
complete healing at their fi nal follow-up appoint-
ment. Six (38 %) of the spica cast patients had 
complications and all were skin-related issues 
that resolved with local wound care. There were 
no complications in the Pavlik harness group. 
These authors surmised that patients up to 1 year 
of age with femoral shaft fractures were candi-
dates for Pavlik harness treatment. Flynn and 
Schwend published a review article subsequent 
to these studies in 2004 and recommended the 
Pavlik harness as the preferred  treatment   for 
patients ≤6 months of age with proximal third or 
shaft fractures [ 88 ]. 

 Very recently, Rush et al. published a retro-
spective review looking at longer term functional 
and radiographic outcomes of patients less than 6 
months of age with a  diaphyseal femur fracture   
treated in a Pavlik harness [ 89 ]. They reviewed 
10 patients with an average follow-up of 5.2 years 
(range 2.6–7.3). The initial age at time of treat-
ment was 2.2 months (range 2.6 weeks to 
5.8 months). Patients were treated in a Pavlik har-
ness on average of 43 days and there were no 
complications reported. Four patients were vic-
tims of child abuse. At fi nal follow-up there were 
no functional defi cits, limitations, or complaints 
noted. There were no clinical angular deformities 
and there was one patient with an asymptomatic 
7 mm leg length discrepancy. The authors did not 
note whether the affected extremity was long or 
short. At the time of injury, the average coronal 
plane deformity was 12° varus (range 0–30°) and 
sagittal plane deformity was 9° procurvatum 
(range 0–26°). Average fracture shortening was 
2 mm (range 0–7 mm). At fi nal follow-up, coro-
nal plate deformity was, on average, 3° valgus 
(range 0–8°) and residual sagittal plane defor-
mity was 5° (range 0–24°). The authors noted 
that the subgroup of patients with >20° of angu-
lation in any plane at the time of injury tended to 
have larger residual radiographic deformity (5° 
valgus, 11° procurvatum) present at fi nal follow-
 up. The authors did not specify how many 
patients comprised this subgroup. Further, the 
authors inferred appropriate rotational alignment 
based on foot progression angles between 5° and 
15° external during follow-up gait analysis. The 

authors concluded that Pavlik harness treatment 
was safe and effective for  diaphyseal femur frac-
tures   in this age group but that patients with high 
levels of initial fracture displacement may need 
longer term follow-up in case a signifi cant angu-
lar deformity persists. 

 The authors consider Pavlik harness treatment 
the fi rst option for femoral shaft fractures in 
patients who will fi t in one. This generally lends 
to a cut-off age around 6 months in full-term 
infants. This age limit may be higher in a patient 
who was born pre-term and is still of appropriate 
size for the harness. 

   Fitting the Harness 
 Pavlik harness application is routine for most 
pediatric orthopedists. However, for the adult 
orthopedist who fi nds him/herself in the awk-
ward position of needing to apply the harness, 
appropriate placement is not too diffi cult. The 
centerpiece of the harness is the belt that goes 
around the lower costal margin. Attached to this 
are the shoulder straps superiorly and the leg and 
 foot   harnesses inferiorly (Fig.  3.2 ). The harness 
is placed on a fl at surface and unfolded. The 
infant is placed on top of the harness such that the 
belt strap lies at the lower aspect of the posterior 
rib cage. The belt is typically Velcro and is fas-
tened in such a way that the practitioner can eas-
ily get two to three fi ngers under the strap in the 
anterior chest. This is an easy rule of thumb to 
follow to prevent applying the belt too tightly. 
The shoulder straps are generally fastened next. 
These straps should be fi rmly secured but not too 
tightly to prevent skin irritation. Next, the lower 
extremities are placed in the foot harnesses and 
secured. There should be about one fi nger- 
breadth of slack in the  Velcro straps   for the legs. 
At this point, the fracture is reduced, typically 
with fl exion and external rotation of the extrem-
ity, and the straps connecting the foot harnesses 
to the belt are secured (Fig.  3.3 ). It should be 
noted that positioning for  fracture reduction   
should be determined on a case-by-case basis. 
Early reports depict high levels of fl exion to 
obtain reduction, especially in more proximal 
fractures [ 82 ]. More recent reports tend to recom-
mend hip fl exion around 80–90° [ 83 ,  89 ]. 
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Reduction can be checked during harness 
 application with fl uoroscopy, and/or afterward 
with a conventional radiograph. For the fi rst sev-
eral days, a pillow or similar soft support is 
placed underneath the affected extremity to aid in 
the patient’s comfort [ 83 ]. A summary of harness 
 application   is depicted in Table  3.2 .

     Generally, the patient should be seen back 
within a week to 10 days for a follow up  X-ray  , 
and any adjustment to the harness can be made at 
this time if the fracture has lost reduction. The 
harness should be worn full time for 4–5 weeks 
and/or until abundant callus formation is seen on 
the X-ray. Given the massive remodeling poten-
tial in this age group, a large amount of displace-
ment can be tolerated. 

 Like any intervention, there are potential com-
plications with harness treatment. The most nota-
ble is femoral nerve palsy [ 90 ]. While this has 
been reported in the developmental hip dysplasia 
literature, it has not yet been reported in the 

infantile femur fracture literature. One should 
still expect this as a possible complication given 
the low numbers of patients reported in the femur 
fracture literature. Since pseudoparalysis of the 
affected extremity is a hallmark fi nding for femur 

  Fig. 3.2    Pavlik harness. The centerpiece is the costal/tho-
racic strap with the shoulder straps above and the leg and 
foot  straps   below. Used with permission of the Children’s 
Orthopaedic Center, Los Angeles, CA       

  Fig. 3.3    Pavlik harness applied to infant. The amount of 
laxity needed in specifi c straps is marked to allow the par-
ents to adjust at home if needed. Used with permission of 
the Children’s Orthopaedic Center, Los Angeles, CA       

   Table 3.2    Summary and pearls for Pavilic harness  appli-
cation   for femur fractures   

 1. Lay out harness on sturdy but comfortable surface. 

 2. Lay infant on top of harness. 

 3.  Fasten torso strap fi rst, leave room for two fi ngers 
underneath strap. 

 4.  Fasten shoulder straps, leave room for one fi nger 
underneath strap. 

 5.  Apply leg strap for unaffected limb. Flex hip to 
80–90° and fasten straps. 

 6.  Reduce fracture on affected limb and fasten leg 
strap in that position. 

 7. Use X-rays as needed for assistance in reduction. 

 8. Be wary of hip fl exion beyond 90°. 

 9. Use pillow under hip for several days for comfort.    
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fractures in this age group, it can be very diffi cult 
to get a baseline nerve examination prior to 
Pavlik harness application and also after several 
days of harness treatment. Femoral nerve palsy is 
thought to be associated with higher levels of hip 
fl exion so the practitioner should be mindful of 
fl exing the hip high for a reduction.     

    Child Abuse 

  Child abuse   is one of the most troubling diagno-
ses to deal with in the medical profession. In the 
case of physical abuse, it is often an orthopedic 
injury that brings the child’s diagnosis to the 
attention of a medical provider. Femur fracture, 
depending on the source, is often considered the 
most common long bone fracture to occur in non- 
accidental trauma (NAT).    Determining cases of 
child abuse from accidental trauma in very young 
patients can be diffi cult and requires a multi- 
disciplinary team. Incorrect diagnosis can emo-
tionally scar a family, but missing a diagnosis can 
be fatal for the child as most patients who die 
from abuse have a history of previous medical 
encounters for suspicious injuries. 

    Epidemiology 

 In 2011, there were an estimated 681,000 unique 
child abuse victims, or 9.1 victims per 1000 chil-
dren in the population [ 91 ]. The birth-to-1-year 
age group represented the highest rate of victim-
ization at 21.2 per 1000 [ 91 ]. Boys (49 %) and 
girls (51 %) are abused at roughly the same rate. 
Most abuse cases in the U.S. are comprised of 
three  ethnic groups  : Caucasian, Hispanic, and 
African-American, with respective percentages 
of 44 %, 22 %, and 21.5 % [ 91 ]. Given the per-
centage of each ethnic group in the population, 
there appears to be a higher rate of abuse among 
African-American children than Caucasian or 
Hispanic children [ 92 – 94 ]. Neglect is the most 
common form of child abuse, accounting for 
close to 80 % of all cases. Surprisingly, physical 
abuse only accounts for 20 % of all child abuse 
cases, and sexual abuse accounted for about 

10 %. Based on these percentages, it is clear that 
some children are victims of more than one type 
of abuse [ 91 – 93 ]. Four children die from child 
abuse every day, and this number may be under-
reported. [ 91 ]. Eighty percent of children who 
die from abuse are under age 4, and 78 % of the 
time the fatality was caused by one or more par-
ent [ 91 ]. 

 There is a strong correlation between long 
bone fracture in  infants and toddlers   and child 
abuse [ 95 ,  96 ]. There is some debate as to whether 
the femur is the most frequently fractured long 
bone in this setting, with the humerus and the 
tibia cited as well [ 34 ,  96 ,  97 ]. Regardless, a 
femur fracture is often the injury that brings the 
battered child to the attention of a healthcare pro-
vider. In the infant and toddler age group, the rate 
of child abuse-associated femoral fracture is any-
where from 10 to 80 % [ 34 ,  62 ,  64 – 66 ,  71 ,  73 ,  76 , 
 79 ,  98 ]. Studies with level II evidence cite a rate 
of 12–14 % in children aged 0–3 years [ 71 ,  73 ]. 
In infants who do not yet ambulate, child abuse 
has been cited to be the cause in up to 60–90 % of 
femur fractures [ 52 ,  66 ,  75 ,  95 ]. Regardless of 
the exact number, non-accidental trauma is all 
too common in  infants and toddlers  , and the prac-
titioner should always be on high alert when 
these patients present to the emergency depart-
ment with a femoral fracture. If not recognized, 
these victims are often beaten repeatedly and 
death is a very real possibility [ 77 ,  99 – 101 ]. 
More than 1500 children each year died from 
abuse and neglect in 2010 and 2011 [ 91 ,  92 ]. 
Furthermore, victims of child abuse have higher 
rates of adult criminal behavior, drug and alcohol 
abuse, and violent behavior, including being the 
perpetrators of child abuse [ 92 ,  93 ]. Appropriate 
recognition and action on the part of the physi-
cian can hopefully help minimize this truly dis-
turbing phenomenon.  

    Presentation 

 There are several signs that have been put forth in 
the literature as being suspicious for abuse. The 
fi rst and easiest thing to look at is patient age. 
The risk of non-accidental  trauma  , as stated 
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above, is much higher for children who do not 
ambulate. Furthermore, based on the statistics 
discussed above, any infant or toddler with a 
femur fracture should raise suspicion. To put a 
fi nal point on this, the AAOS has issued a clinical 
practice guideline stating that all patients less 
than 3 years of age with a femur fracture should 
be evaluated for child abuse [ 64 ,  79 ]. This was 
the only “Grade A” recommendation from the 
practice guideline. 

 Like any thorough work-up, a detailed history 
is central to steering the physician toward the cor-
rect diagnosis. In the setting of abuse, the  care-
giver   will often give an inconsistent story, 
describe a mechanism of injury that is not plau-
sible, or claim to have not witnessed any injury 
[ 76 ,  77 ,  93 ,  99 ,  100 ,  102 ]. Furthermore, elucidat-
ing any past injuries or emergency room visits is 
important, as abuse victims tend to be brought to 
the hospital on multiple occasions [ 93 ,  102 ]. The 
past medical history is important to rule out met-
abolic or structural  conditions  , such as OI, that 
predispose children to fracture [ 33 ,  103 ,  104 ]. 
While honesty may not be a top priority for a 
child abuse perpetrator, the social situation 
should be thoroughly explored to determine if 
there is drug and alcohol abuse in the home and if 
the  caregivers   are of low socioeconomic status. 
These have been found to be associated with 
child abuse [ 52 ,  77 ,  91 – 93 ,  105 ].  

    Type of  Fracture   

 Fractures along the entire length of the femur 
have been reported in the setting of child abuse 
[ 38 ,  40 ,  52 ,  53 ,  75 ,  106 – 109 ]. A femoral shaft 
fracture is considered the most common type of 
femur fracture to present in the setting of child 
abuse (Fig.  3.4 ), and likely represents up to 
80–90 % of all femur fractures in this setting [ 75 , 
 96 ]. The exact type of shaft fracture (spiral, trans-
verse, oblique, etc.) is debated with no clear pat-
tern being most indicative [ 75 ,  96 ,  97 ,  110 ]. The 
shaft fractures have mainly been described in the 
middle and distal third of the shaft [ 75 ,  77 ,  96 , 
 102 ]. Twenty percent of shaft fractures may be 
proximal [ 77 ]. Careful X-ray interpretation is 
important, as there are some lesions that can be 

mistaken for a fracture that may represent other 
conditions [ 102 ]. Table  3.3  summarizes a  differ-
ential diagnosis   for child abuse.

         Imaging   

 Imaging of NAT follows the same principles as 
described above for accidental trauma. However, 

  Fig. 3.4    Solitary oblique mid shaft femur  fracture   in a 
15-month-old female with confi rmed child abuse. Used 
with permission of the Children’s Orthopaedic Center, 
Los Angeles, CA       

   Table 3.3     Differential diagnosis   of child abuse   

 Accidental injury   Other : 

 Birth trauma  Congenital insensitivity to 
pain 

 Osteogenesis 
imperfecta 

 Coagulation disorders: 
 • Hemophilia 
 • von Willebrand 
 etc. 

 Caffey disease   Normal radiographic 
variants : 

 Rickets  Angulation of ossifying 
metaphysis 

 Congenital  syphilis    Cortical irregularity 

 Leukemia  Spurring 

 Juxtaphyseal variants 

  Adapted with permission from Kocher MS and Kasser 
JR. Orthopaedic Aspects of Child Abuse. JAAOS 
2000;8(1):10–20  
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in suspected NAT femoral injuries, a skeletal 
survey should be ordered [ 112 ]. A skeletal sur-
vey consists of AP radiographs of all parts of the 
extremities (e.g. hand, forearm, arm) and AP 
and lateral X-rays of the axial skeleton and 
skull. The use of radionuclide imaging has been 
described to help in detection of associated inju-
ries and to help determine the age of an injury 
[ 113 – 115 ]. This modality, while useful, may 
have limitations due to cost, time involvement, 
and limited availability, but should be consid-
ered as an adjunct if abuse is suspected but a 
skeletal survey is negative [ 102 ,  116 ]. If unavail-
able, a follow-up skeletal survey can be ordered 
2–3 weeks after the initial survey to see if there 
are healing fractures with associated callus. If 
there is suspicion for a diagnosis other than 
child abuse based on initial radiographs,    then 
appropriate imaging (MRI, CT, etc.) and blood 
work, etc. may be indicated [ 102 ].  

    Associated  Injuries   

 If a child presents to a caregiver with a suspicious 
femoral fracture (or any injury suggestive of 
child abuse), a search for other injuries is war-
ranted. Bruises and other skin lesions are the 
most common fi nding in child abuse. By looking 
at the pattern of bruising and the age of the child, 
the suspicion of child abuse can be tailored 
appropriately [ 93 ]. A general rule of thumb is 
that if the child is not yet developed enough to 
cruise, any bruising should warrant suspicion for 
child abuse [ 117 ]. Further, bruising around the 
thorax, neck, ears, and genitals are suggestive of 
abuse in any child less than age 4 [ 118 ,  119 ]. 
Lastly, sharply demarcated bruises or patterned 
bruising should raise suspicion as well, as this 
may suggest trauma from an object or restraining 
device [ 93 ,  118 ]. 

 Fractures are second only to bruises in fre-
quency in the setting of NAT [ 49 ,  93 ,  102 ,  120 ]. 
Long bone fractures are most common, with the 
humerus and tibia most frequently seen in addi-
tion to the femur, as mentioned above [ 13 ,  74 ,  78 , 
 93 ,  95 – 97 ,  100 ,  102 ,  110 ,  120 ]. While fractures 
in multiple stages of healing are highly specifi c 

for abuse, up to 50 % of battered children present 
with only a single fracture [ 96 ]. Rib fractures 
alone, especially posterior rib fractures, have 
been shown to have 95 % positive predictive 
value (PPV) for child abuse in children less than 
3 years of age. In the appropriate setting and his-
tory, the PPV for rib fractures goes to 100 % 
(Fig.  3.5a–c ) [ 93 ,  102 ]. Sometimes, the rib frac-
tures are missed on X-ray and can only be 
detected as the fractures heal and form callus 
[ 102 ,  121 ]. Other less common fractures in child 
abuse include the clavicle and hand and foot frac-
tures [ 102 ]. As mentioned earlier, corner frac-
tures or CMLs are highly specifi c for child abuse 
[ 111 ]. In addition to the distal femur, these have 
been documented on the proximal and distal tibia 
as well as the distal radius and ulna [ 96 ,  97 ,  102 , 
 106 ,  122 ]. Other highly specifi c fractures for 
NAT include scapular, spinous process, and ster-
nal fractures [ 123 ]. In addition to spinous process 
fractures, spine fractures typically are asymp-
tomatic vertebral compression fractures that are 
picked up on skeletal survey. They are also quite 
rare in NAT but are helpful in diagnostic confi r-
mation since they are also very uncommon as a 
result of accidental injuries in infants and tod-
dlers [ 34 ,  110 ].

   Head  injuries   are the most frequent cause of 
long-term morbidity and mortality in NAT and 
include skull fractures, subdural hematomas, 
and retinal hemorrhages [ 93 ,  102 ]. The combi-
nation of subdural hematomas and rib fractures 
is known as the “shaken baby syndrome.” Skull 
fractures that are depressed, bilateral, complex, 
and/or cross suture lines are associated with 
abuse (Fig.  3.6 ). Subdural hematomas that are in 
the posterior fossa, in multiple locations, or are 
associated with cerebral edema are also associ-
ated with child abuse [ 93 ,  124 ]. Head trauma 
often leads to long-term neurologic sequelae 
such as seizure disorders, learning disabilities, 
delayed development, and motor dysfunction 
[ 93 ,  102 ,  124 ].

   Other injuries seen in NAT include burns and 
bites, and are more common than one may fi rst 
think [ 93 ]. Visceral organ injuries are rare, but 
tend to carry a mortality rate of approximately 
40–50 % [ 125 ,  126 ].  
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     Risk Factors   for NAT 

 When evaluating a child with a femoral fracture 
for child abuse, the clinician should assess the 
presence of associated risk factors. Baldwin et al. 
evaluated a series of femur fractures in patients 
younger than 4 years of age. They determined risk 
factors of a suspicious history, radiographic evi-

dence of prior injury, and age less than 18 months 
to be signifi cant risk factors for abuse. When no 
risk factor was present, the risk of abuse was 4 %. 
When one, two, or three risk factors were present, 
the risk climbed to 29 %, 87 %, and 92 %, respec-
tively [ 77 ]. Other risk factors noted in the litera-
ture include low socioeconomic status [ 91 – 93 ], 
being on Medicaid insurance or being uninsured 
[ 52 ], single-parent households or having a partner 
in the house who is not a parent [ 92 ], drug and 
alcohol abuse in the caregivers [ 91 ,  92 ], multiple 
trips to the ED [ 93 ,  100 ], delay in presentation [ 76 , 
 93 ,  100 ], associated injuries [ 76 ,  93 ,  100 ,  102 ], 
and children with special needs (Table  3.4 )    [ 102 ].

        Treatment   

 Treatment of femoral fractures in the setting of 
child abuse follows the same principles as treating 
accidental trauma discussed above. Often, the bat-
tered child will have more than one injury, so a mul-
tidisciplinary team is needed to provide 
comprehensive care as well as arrange a safe dispo-
sition for the child after he/she leaves the hospital. 
As a general rule, no child less than age 2 with a 
femur fracture should be discharged from the hospi-
tal without a further investigation. Social Services 
consult is mandatory in the  setting of abuse or 

  Fig. 3.5    Multiple  injuries   in a child abuse victim who 
presented to the ED with a femur fracture. ( a ) Left subtro-
chanteric femur fracture. ( b ) Multiple rib fractures in vari-
ous stages of healing. The  black arrows  point to more 

recent fractures and the  white arrows  point to fractures 
with abundant callus. ( c ) Small, healed lateral distal 
humeral corner fracture. Used with permission of the 
Children’s Orthopaedic Center, Los Angeles, CA       

  Fig. 3.6    Bilateral skull fractures in an abused child. Used 
with permission of the Children’s Orthopaedic Center, 
Los Angeles, CA       
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 suspected abuse. The resources and expertise of 
Social Services are much more extensive than a 
practicing surgeons’ and should be used given the 
complexity of issues such as investigation into the 
social scenario as well as potential placement issues.   

    Conclusions 

 Femoral fractures in the infant and toddler are gen-
erally well tolerated, but attention to detail will 
help to ensure good outcomes.             There are unique 
aspects and considerations for these patients based 
on their mechanism of injury, stage of develop-
ment, and home surroundings. Non-operative care 
is standard, and the Pavlik harness has made neo-
nata and infantile fracture treatment more conve-
nient for parents and caregivers alike. 

 Child abuse is a disturbing and unfortunate 
reality in this age group, and physicians and other 
healthcare workers must act as a team to diagno-
sis, treat, and protect these children. By the time 

the diagnosis is made, physical and psychologi-
cal long-term damage may already be done, but 
we must do our best to minimize ongoing or fur-
ther injury to these children.     
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