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Purpose : Displaced stress fractures of the femoral 
neck in young female athletes are a rare but a difficult 
injury to treat with a favourable outcome, as there is 
a reported high incidence of avascular necrosis. Tra-
ditionally they are internally fixed with either cannu-
lated screws or a sliding hip screw. Our study aims to 
highlight the Targon Femoral Neck (FN, B-Braun, 
Aesculap Inc, Germany) implant as a safe alternative 
for fixation of these injuries. 
Methods : Three consecutive young female recre-
ational athletes were reviewed from our institution 
with a displaced stress fracture of the femoral neck 
treated with the dynamic locking plate.
Results : Two patients achieved good results with full 
union and no complications. One patient had a poor 
result as she developed avascular necrosis 5 months 
post-operatively requiring revision to a total hip 
arthroplasty.
Conclusion : Our study highlights the Targon FN 
implant is a safe alternative for internal fixation of 
displaced stress fractures of the femoral neck in 
young female recreational athletes.

Keywords : stress fracture ; young athletes ; Targon FN 
implant.

Introduction

Stress fractures are repetitive overuse injuries. 
Microscopic cracks occur with cyclical loading and 
the bone fails if the crack propagates faster than the 

reparative process of callus formation and remodel-
ling. They occur in normal or metabolically weak-
ened bone ; in contrast to insufficiency fractures 
that occur under normal stress in pathological 
bone (7). Stress fractures occur predominately in the 
lower limb, and the most common locations are the 
tibia (49.1%), tarsals (25.3%), metatarsals (8.8%), 
femur (7.2%), fibula (6.6%) and pelvis (1.6%) (16). 
A stress fracture of the femoral neck is a rare injury 
seen predominately in military recruits and long-
distance runners (13,23). If displaced these fractures 
are a difficult injury to treat with a favourable out-
come. Complications include delayed union, non-
union and avascular necrosis (15). 

The Targon Femoral Neck (FN, B-Braun, Aescu-
lap Inc, Germany) implant is used for fixation of 
intracapsular neck of femur fractures, which are 
more commonly seen in the elderly population after 
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low velocity impact (18,20). The principles of treat-
ment for a displaced femoral neck stress fracture in 
a young patient is to preserve the femoral head with 
anatomic reduction and stable internal fixation. To-
tal joint arthroplasty is an option, but is certainly not 
ideal for the first line of surgical management due to 
the patients’ young age and high activity levels. The 
Targon FN implant incorporates features of the two 
most common devices used for fixation of these in-
juries, which are the sliding hip screw and multiple 
parallel cancellous screws. Our case series high-
lights a dynamic locking plate as a successful tech-
nique in treating young female athletes with a dis-
placed intracapsular stress fracture of the femoral 
neck.

Patients and Methods

Stress fractures of the femoral neck in young female 
athletes, who required surgery, were identified in four 
consecutive patients admitted to our institution between 
2010 and 2013. All underwent internal fixation with a 
Targon FN implant. Our inclusion criteria for the case 
series were female recreational athletes < 35 years of age 
who had sustained a stress fracture of the femoral neck. 
Patients injured with high velocity trauma were exclud-
ed. In total cohort of four patients were identified. One 
patient was lost to follow-up and could not be contacted, 
therefore was omitted from the study. 

Mean patient age at time of injury was 28.7 (range 25 
to 33). All sustained a stress fracture of the femoral neck, 
which was intracapsular and displaced (Garden classifi-
cation III/IV) requiring surgical fixation (11). The cohort 
were all recreational runners, who developed non-specif-
ic hip or groin pain preceding the fracture. Mean duration 
between initial symptoms and fracture was 14 days 
(range 7 to 21). The fractures subsequently all occurred 
during normal daily activities. 

Fractures involved 2 right hips and 1 left hip. All pa-
tients received emergency surgery within 24 hours after 
hospital admission. Internal fixation was achieved with a 
Targon FN implant consisting of a small plate with six 
locking screw holes. Three or four angular stable 6.5 mm 
telescoping screws cross the fracture site for fixation in 
the subchondral bone of the femoral head and two distal 
4.5mm locking screws in the lateral cortex of the femur 
(Fig. 1). Details of the intra-operative technique used, has 
previously been described by the Parker group (19). Mean 
duration of surgery was 64 minutes (range 60-70). 

Results

Mean follow-up period was 3.3 years (range 2 to 
5). Results were graded as good, acceptable or poor 
using the Arnold outcome categories for femoral 
neck fractures (1). Union was defined by absence of 

Fig. 1. — Pre-operative AP plain radiograph showing a 
displaced basicervical stress fracture of the left hip & intra-
operative image intensifier showing internal fixation with the 
Targon FN Implant.
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visible margins on the AP and lateral radiographs. 
Two patients achieved good results by returning to 
normal function with full union and no complica-
tions. One patient had a poor result as she developed 
avascular necrosis 5 months post-operatively re-
quiring revision to a total hip arthoplasty. 

The Body Mass Indices were all normal healthy 
weights (mean 22.2, range 19.6 to 24). One patient 
had previously suffered from anorexia nervosa with 
secondary amenorrhea. Post-operative dual energy 
X-ray absorptiometry (DEXA) scans all showed de-
creased bone mineral density ; T Score mean -2.4, 
range -2 to -2.7. Vitamin D levels highlighted two 
cases of insufficiency (50-75 nmol/L) and one defi-
ciency (< 50 nmol/L). 

Discussion

The Targon FN implant is a locking plate and 
dynamic screw system for internal fixation of intra-
capsular hip fractures (18). Although predominantly 
used in the elderly population, clinical results avail-
able highlight it can also be used as a safe alterna-
tive to multiple parallel screws or a sliding hip 
screw for fixation of stress fractures of the femoral 
neck in the young female athlete.

A two-year follow-up of 320 patients with an 
intracapsular fracture of the hip using a dynamic 
locking plate suggests a stronger distal fixation 
combined with rotational stability may lead to a re-
duced incidence of complications related to the 
healing fracture when compared to other fixation 
devices (19). Subsequent comparative studies with 
the traditional fixation methods are also encourag-
ing ; as there is less subsidence of the head frag-
ment, lower cut out rate and a lower conversion to 
hemiarthroplasty after Targon FN fixation in com-
parison to a standard sliding hip screw fixation (6). 
Also recent randomized control trial showed there 
was no difference in the risk of revision surgery be-
tween patients treated for an intracapsular proximal 
femur fracture with a Targon FN hip screw and 
those treated with cannulated screw fixation (10). 

The device provides several design advantages 
over the established methods of either multiple par-
allel screws or a sliding hip screw, which would be 
beneficial for surgical treatment of stress fractures 

of the femoral neck. Cadaveric biomechanical test-
ing of the three constructs suggests the dynamic 
locking plate is a more stable fixation (3), permitting 
potential early post-operative mobilization. Tele-
scoping screws in the femoral head, which are 
locked into the plate, allow the fracture to consoli-
date with controlled collapse along the femoral neck 
without backing out of the screws into the soft tis-
sue, reducing local irritation (18). The small plate 
can be inserted with minimal surgical exposure of 
the femur, improving the cosmetic outcome in 
young females. Also the two distal locking screws 
in the lateral femoral cortex allow solid fixation in 
poor bone quality. The implant material of titanium 
alloy Ti6Al4V is MRI compatible for post-opera-
tive imaging, rather than stainless steel implants 
which produce artifact limiting accurate inter
pretation of the images (Fig. 2). This is particularly 
advantageous for long-term surveillance in the 
young and active population, to identify non-unions 
or early pre-radiological avascular necrosis.

Diagnosis of stress fractures of the femoral neck 
can be challenging for the clinician. These injuries 
frequently occur with high intensity training or a 

Fig. 2. — Two-year post-operative MRI scan (T-2 weighted, 
coronal view, left hip) with Targon FN Implant in-situ showing 
no evidence of avascular necrosis and full union.
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stress fractures of the femoral neck are low velocity 
repetitive injuries, larger studies show incidence of 
avascular necrosis ranging from 23.8%-42% (15,26). 
The displacement with comminution of the posteri-
or cortex of the femoral neck compromises the cir-
culation of the femoral head (26). There is disruption 
to the lateral epiphyseal artery and posterior superior 
retinacular branches of the medial femoral circum-
flex artery. One of our patients (33%) developed 
avascular necrosis requiring revision surgery to a 
total joint replacement. The other two patients had 
no complications, and experienced a good outcome 
regaining pain free and normal function. 

The Female Athlete Triad is a condition most 
commonly observed in runners, which consists of 
low energy availability, functional hypothalamic 
amenorrhea and osteoporosis (17). Prevalence of the 
syndrome is low in exercising females (0%-16%), 
however 50%-60% of certain athlete groups have 1 
or 2 of the components (9). The presence of a single 
risk factor or combined risk factors for the Female 
Athlete Triad increases the cumulative risk of bone 
stress injury, including stress reactions and stress 
fractures (2). In our study, the patients were 
recreational runners with healthy BMIs. However 
osteopenia or osteoporosis was diagnosed post-
operatively with routine DEXA scans, therefore 
more susceptible to sustaining a stress fracture. 
Evidence shows that serum concentrations of 
Vitamin D < 80 nmol/L are associated with reduced 
calcium absorption, osteoporosis and increased 
fracture risk (12). The cohort all had serum levels of 
Vitamin D showing deficiency or insufficiency. 

Our study highlights the Targon FN implant is a 
safe alternative for internal fixation of displaced 
stress fractures of the femoral neck in young female 
recreational athletes. Features of minimally inva-
sive surgery, locking design for poor bone quality, 
no soft tissue irritation from screws backing out and 
MRI compatibility also make the implant ideal for 
this patient group.
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