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SUMMARY

This paper describes current treatment strategies of distal femoral fractures as well as their evidence based rationale.
The treatment of distal femoral fractures has improved with the evolution of plating and nailing technologies. The commonly
selected surgical approaches are outlined and surgical treatment techniques including both internal and external fixation
are discussed.

INTRODUCTION

In recent years, the treatment of distal femoral frac-
tures has evolved although these fractures remain com-
plex to treat and carry an inconsistent prognosis. With
this paper we will try to elucidate current treatment stra-
tegies as well as their evidence based rationale. The com-
monly selected surgical approaches will be outlined and
surgical treatment techniques including both internal
and external fixation are discussed. Moreover, we will
review the present literature and make an effort dedu-
cing therapy recommendations.

INCIDENCE/PATHOAETIOLOGY

An estimated 6% of all fractures of the femur account
for the distal part of the bone (22, 32). The fractures
occur in a bimodal distribution. One group including
patients below 40 years of age, predominantly males,
sustaining high-energy trauma such as traffic accident
or a fall from heights. The other group is consisting of
patients >50 years, predominantly females, with osteo-
porosis, who sustain relatively low energy trauma (32).
In both instances, axial load to the leg is the most com-

mon mechanism of injury. Less frequently rotation for-
ces lead to distal femoral fractures (32). 

Almost 60% of distal femoral fractures occur in the
age group >50. The osteoporosis within this group may
pose problems for fixation (22). Associated meniscal or
ligamentous damage following distal femoral fractures
has been described, whilst the incidence of neurovascu-
lar injury remains rare (4). Approximately 0.2% of the-
se fractures are associated with damage of the femoral
or popliteal artery (47). Nevertheless, because of the low
quantity and quality of collaterals, vascular injury thre-
atens the vitality of the whole extremity and therefore
has to be carefully ruled out. 

ANATOMICAL IMPLICATIONS

Distal femoral fractures engage the femoral metap-
hysis and the condyles. The anatomical axis of the femur
runs about 8-10 degrees laterally from the loading axis,
which is connecting the centre of the femoral head with
the middle of the talar joint line. Therefore, axial load
of the leg (e.g. standing) results in bending stress of the
femur that is mainly compensated by the iliotibial tract
(12).
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The appreciation of deforming forces involved is cri-
tical for adequate surgical management. The characte-
ristic deformity is shortening of the fracture with varus
and extension of the distal articular segment (48). Shor-
tening is caused by the quadriceps and hamstring musc-
les. The varus and extension deformities are the result
of unopposed pulling of the hip adductors and gastro -
cnemius muscles respectively. All efforts reducing and
retaining distal femoral fractures must respect and adapt
to this deformity forces (47). 

However, a critical aspect of the femoral anatomy
represents the shape of the articular block and the ante-
rior bow of the femoral shaft. On axial section, the distal
articular segment has a trapezoidal shape. The medial
and lateral edges of the condyles are converting vent-
rally for about 15-25°, and the ventral and dorsal joint
lines are not parallel either. Consequently, the length of
the introduced implants has to be critically emphasised
considering this special shape. Unawareness of this ana-
tomy may lead to anterior displacement, medialisation,
and external rotation of the femoral condyles, articular
penetration by implants, or excessive penetration of the
medial cortex (11).

ASSESSMENT

Careful consideration of the trauma mechanism, exa-
mination for associated injuries as well as evaluation of
the fracture itself should be included in every initial pa -
tient assessment. High-energy trauma is frequently
accompanied with concomitant skeletal injury as well
as damage to soft tissues or solid organs. Exclusion of
life and limb threatening concerns according to acute
emergency protocols (e.g. ATLS) prior to management
of the fracture are mandatory. The neurovascular status
of the extremity should be vigilantly examined and docu-
mented. Initial documentation of the neurovascular sta-
tus and continuous peri- and post-operative surveillan-
ce for signs of compartment syndrome or delayed
presentation of an intimal arterial tear are mandatory to
omit limb-threatening ischemia. In the setting of open
fractures, early antibiotic coverage may help reducing
infection rates. Grade I and II open fractures should be
treated with preoperative dosing of prophylactic antibio -
tics for coverage of gram-positive organisms. In gene-
ral, treatment should not exceed 24 hours. For Grade III
open fractures, additional coverage for gram-negative
bacteria is recommended and continued for 72 hours or
until sufficient soft tissue coverage is achieved. (17)
Open fracture wounds should be photo-documented and
dressed sterile, and prophylactic tetanus immunisation
should be given in the emergency department already.

In general, high-energy injuries with concomitant soft
tissue compromise require prompt treatment, often inc-
luding soft tissue debridement, compartment release,
and initial joint bridging external fixation. Usually, this
is followed by additional secondary imaging including
CT for planning and subsequently delayed definitive
operative treatment. Low energy traumas, in contrast can
be dealt according to available resources.

AP and lateral x-rays are the standard radiological
evaluation. Oblique x-ray views are dispensable if com-
puterised tomography (CT) imaging is available. Howe-
ver, CT scanning including 3D reconstruction permits
more detailed examination of the fracture patterns and
should be obtained if complex or intra-articular fractu-
res are assumed. Nork et al. examined 202 patients with
fractures of the distal femur with intercondylar involve-
ment and showed that 38% of fractures are including the
condyles by coronal fracture extension (37). Eighty-five
per cent of the coronal plane fractures involved the late-
ral condyle and 9% incorporated both condyles. In this
study, plain radiographs alone did not identify 31% of
the coronal plane fractures. Therefore the authors conc-
lude that obtaining a preoperative CT scan is important,
because identifying coronal plane fractures is critical for
preoperative planning, with regard to surgical approach
and implant selection. In polytraumatised patients with
distal femoral fractures that are treated with temporary
external fixation until definitive surgery may be perfor-
med, it is beneficial to obtain the CT scan after the knee-
spanning external fixator is applied. The distraction and
ligamento-taxis provided by the external fixator allows
for easier visualisation of fragments and better appreci-
ation of the personality of the fracture to allow adequa-
te preoperative planning.

Magnetic resonance imaging (MRI) is helpful if rele-
vant ligamentous or other soft tissue injuries are sus-
pected. Isolated avulsion of the collateral ligaments
should always raise suspicion of serious associated liga-
ment injuries to the knee, and there may also be pero-
neal nerve, meniscal or chondral, injuries. If MRI has to
be performed after temporary or definitive fixation, uti-
lisation of non-ferromagnetic materials is recommended
to ensure patient safety and image quality.

Vascular lesions threaten vitality of the whole extre-
mity since quantity and quality of collateral circulation
is limited. So if there is any concern regarding limb per-
fusion, it is of utmost importance to perform angio-
graphy, duplex ultrasonography, or perfusion CT,
remembering that the presence of distal pulses does not
exclude arterial injury.

CLASSIFICATION

The Müller AO classification (35) is the most widely
used system to categorise distal femoral fractures
(Fig. 1). Neer et al. (36), Seinsheimer (45), and Egund
and Kolmert (13) have proposed classification systems
as well, but these did not prevail. Moreover the AO clas-
sification unanimously has gained acceptance for distal
femoral fractures.

According to the common principles of the AO clas-
sification, type A fractures are extra-articular and type
B fractures are partial articular, which means that parts
of the articular surface remains in contact with the dia-
physis. Type C fractures are complete articular fractu-
res with detachment of both condyles from the diaphy-
sis. The fracture types are further subdivided describing
the degree of fragmentation and other, more detailed
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characteristics. Further subdivision of type B fractures
includes B1 (sagittal, lateral condyle), B2 (sagittal,
medial condyle) and B3 (frontal, Hoffa type). Fracture
type C is divided in C1 (articular simple, metaphyseal
simple), C2 (articular simple, metaphyseal multifrag-
mentary) and C3 (multifragmentary).

PRINCIPLES OF MANAGEMENT

Non-operative treatment may be chosen in the rare
situation of non- or minimal-displaced fractures in bed-
ridden elderly patients not amendable to operative the-
rapy. Conservative treatment consists of skeletal tracti-
on, or initial splinting and mobilisation with limited
weight bearing. X-rays are typically obtained at week-
ly to biweekly intervals for the first 6 weeks warranting
fracture reduction is maintained. Progressive weight
bearing and joint mobilisation are initiated based on the
clinical and radiographic succession of fracture healing.

In 1996 Butt et al. performed a randomised control
trial evaluating operative versus conservative treatment
for displaced distal femoral fractures in elderly patients.
Patients were either randomised to operative treatment
with a dynamic condylar screw (n=17) or skeletal trac-
tion for 6 to 8 weeks followed by functional bracing
(n=19). Good or excellent results were obtained in 53%
of the operatively treated patients versus 31% in the con-
servative group. The non-operative group had an incre-
ased risk for deep vein thrombosis (despite anticoagu-
lation therapy), pulmonary and urinary tract infections,
non-unions, mal-unions, and pin tract infections. The-
refore, conservative treatment for displaced fractures is
only recommended and considered for those patients
who cannot tolerate surgery (8). 

In dislocated fractures, displacement cannot be ade-
quately corrected or retained with conservative measu-
res. Operative treatment is indicated also for open frac-
tures, and those associated with neurovascular injury.
Treatment purposes comprise anatomical reduction of
the articular surface, restoration of limb length, align-
ment and rotation, as well as adequate fixation, which
allows for early postoperative knee range of motion and

patient mobilisation. Reconstruction of the articular sur-
face and adequate restitution of axes, length and rota -
tion are crucial to prevent late sequelae like osteoarth-
rosis. Though, early knee mobilisation is of utmost
importance to counteract permanent restriction of move-
ment by muscle contracture as well as intra- or extra-
articular adhesions.

Fractures with concomitant vascular injury need
prompt provisional fixation to allow for vascular recon-
struction that is followed by definitive osteosynthesis.

Nerve damage should trigger definitive or temporary
osteosynthesis with primary revision of the nerve.
However, temporary fixation always inherits the risk of
compromising nerve sutures during secondary osteo-
synthesis. If microsurgical techniques are not available,
nerve reconstruction may be performed secondary to
fracture consolidation.

The timely management of menisco-ligamentous inju-
ries is depending on the specified surgical approach. If
arthrotomy is indicated to attend adequate treatment,
meniscal or ligamentous damage may be managed during
definitive osteosynthesis. Otherwise, menisco-ligamen-
tous injuries may as well be treated secondary (44).

There are multiple alternatives for the definitive tre-
atment of distal femoral fractures comprising of exter-
nal fixation, intramedullary nailing, and plate osteo-
synthesis with either open reduction and internal
fixation, or closed reduction and minimally invasive pla-
te osteosynthesis (MIPO). Correspondingly, multiple
different plating options are available including buttress
plate fixation, fixed-angle devices like the angled blade
plate (ABP) or the dynamic condylar screw (DCS), and
locking plates. External fixation, however, as a tempo-
rary fixation device is indicated in polytraumatised pa -
tients, patients with massive soft tissue damage, open
fractures, and situations with logistic or infrastructural
limitations. 

SURGICAL APPROACH

The choice of surgical approach mainly depends on
the type of fracture and implant. The supine position of
the patient is preferred. Typically the knee is slightly fle-
xed 30° by supporting it with paddings, which releases
traction of the gastrocnemius muscle and prevents exten-
sion of the distal fragment. Draping free of both legs
allows for intraoperative comparison of length, axes and
rotation in relation to the well leg.

The lateral approach to the distal femur allows for
visualisation, reduction and fixation of most of the frac-
tures not involving the articular surface (type A) and
often as well for simple articular fractures of the distal
femur (Fig. 2). The approach relies on an atraumatic ele-
vation of the vastus lateralis from the lateral aspect of
the distal femur, and a lateral arthrotomy for joint access.
Articular reduction and lateral plate application can both
be achieved with the same approach. In addition, the
approach may be extended proximally to display the
entire length of the femoral shaft. Fractures of the me -
dial femoral condyle and more complex fractures are

Fig. 1. Müller AO classification for
distal femoral fractures (region 33)
from www.afoundation.org. 
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better exposed with a lateral or rarely medial para-patel-
lar approach that provides good view of the articular sur-
face of the distal femur (Fig. 3). To gain full exposure
to the knee Joint, the patella has to be dislocated medial -
ly or laterally respectively through marginal longitudi-
nal incision of the quadriceps tendon and extensor
mechanism (Fig. 4).

The lateral minimally invasive approach for plate
osteosynthesis (MIPO) consists of a short lateral appro-
ach overriding the lateral condyle to the distal femur as
well as a short lateral approach to the midshaft or pro-
ximal femur depending on plate length, and small stab
incisions for direct reduction and percutaneous screw
placement (Fig. 5 and 6).

A medial approach to the distal femur may be used to
expose a medial distal femoral or Hoffa-type fractures. 

A small transligamentous approach through the patel-
lar tendon serves for insertion of a retrograde nail (Fig. 7).
Two anatomical structures are at risk using this appro-
ach. The posterior cruciate ligament is the most impor-
tant structure one should take care for. Furthermore, car-
tilage in the weight-bearing zone may be damaged. 

Pin insertion for external fixation has to consider the
condition of the soft-tissue envelope of the femoral shaft
and the implant position for definitive fixation. In order
to minimize the risk of subsequent pin-track infection,
areas of extensive soft-tissue damage should be avoided.
The major neurovascular structures are located medial-
ly and posteriorly. For that reason, the femur can safely
be approached by pin insertion over the anterolateral and
direct lateral regions of the femur. 

Fig. 2. Lateral approach to the distal femur.

Fig. 3. Lateral para-patellar approach

Fig. 4. Exposure of the
articular surface after
the patella is dislocated
medially. 

Fig. 5. Checking plate length for minimally invasive plate
osteo synthesis (MIPO) with the less invasive stabilisation
system (LISS).

Fig. 6. Plate insertion with introducer and screw guide to per-
form the minimally invasive plate osteosynthesis (MIPO) with
the less invasive stabilisation system (LISS).
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Fig. 7. Retrograde nailing
approach.

Fig. 8. The “cable method”
utilises the diathermy cord
to appraise the biomecha-
nical axis of the leg.

SURGICAL TACTICS

The surgical approach for type A fractures may be as
minimal invasive and respect as much of the fracture
biology as possible. This usually can be achieved by
minimal invasive plate osteosynthesis (MIPO) or retro-
grade nailing of the fracture. Both approaches allow
bridging the fracture zone with the respective implant.
This stands in contrast to open reduction and internal
fixation of intermediate fragments where blood supply
and, consequently, the healing process may be impaired.
However, if feasible, in simple fractures compression
osteosynthesis should be favoured over bridging osteo-
synthesis since higher rates of non-unions have been
reported for locked plating of simple fractures (28). Res-
toration of axial alignment, length and rotation of the
fractured femur is minimising changes to the load-bea-
ring axis of the lower limb as well as decreasing impact
on the entire musculoskeletal system by gait alterations.

In type B femoral fractures open reduction of the
affected femoral condyle is usually mandatory to achie -
ve anatomic reduction. Lag screw osteosynthesis is the
method of choice. In addition, an anti-glide plate may
prevent secondary displacement, when the fracture
extends more proximally. 

Type C fractures usually need visualisation of the knee-
joint to allow for anatomical reconstruction of the articu-
lar surface. Temporary k-wire fixation followed by screw
osteosynthesis with lag screws of the femoral condyles
should be carried out primarily. Stable and sufficient inter-
fragmentary fixation is achieved with 3,5 mm screws. This
screw dimension has the advantage not to hinder later pla-
te application and screw fixation. Subsequently, the arti-
cular bloc is fixed to the femoral shaft. Here, as well, res-
toration of axial alignment, length and rotation of the limb
is imperative. Several intraoperative measures have been
well described to achieve these goals (e.g. cable method,
width of cortex, visualisation of minor trochanter) and
may be considered (19, 46) (Fig. 8).

In severely comminuted type C3 fractures a joint
spanning external fixator may be a salvage procedure.
The external fixator may be applied for several weeks
trying to establish adequate conditions for later total
knee arthroplasty (40).

SURGICAL MANAGEMENT

Conventional plating
Until the early 1960s studies were in favour of con-

servative treatment of distal femoral fractures and dis-
couraged open reduction and internal fixation (ORIF)
(36, 47). Later, in the 1970s and 1980s, several reports
provided better results to support ORIF in fractures of
the distal femur (34, 39, 43). Studies comparing ORIF
with closed reduction and internal fixation (CRIF)
directly, preferred ORIF with significant more good or
excellent clinical results registered (81% open versus
42% closed, RR 0.5, 95% CI, 0.3–0.9) and a signifi-
cantly reduced malunion rate (3% open versus 37% clo-
sed, RR 11.8, 95% CI, 1.6–88.0) (19) (46). However,
ORIF aiming for absolute stability may require relevant
dissection and can therefore lead to devascularisation of
fracture fragments. Using this technique an increased
risk of delayed union, non-union, infection, and implant
failure was observed (24, 33, 48). To decrease these com-
plications, concepts evolved applying indirect reduction
techniques to restore length, rotation, and the mechani-
cal axis without direct exposure of the fracture site and
therefore maintaining the blood supply to the fracture
region (Fig. 9). In the 1990s, the biological advantage
of these indirect reduction techniques was demonstrated
by several authors (5, 11, 25, 41). Bolhofner et al. (5)
treated 57 patients with distal femoral fractures with 
either condylar buttress plate or angled blade plate using
only indirect reduction techniques. The average time to
fracture union and full weight bearing was 10.7 weeks
with no non-unions or hardware failures reported. The-
se results could be achieved although 11 patients with
open fractures were included, and no bone grafting or
dual plating had been used.

With further elaboration, the trend of indirect reduc-
tion led to the development of minimally invasive plate
osteosynthesis (MIPO) (Fig. 5 and 6) (24). In a cadave-
ric study model, it could be demonstrated that passing
a plate submuscularly under the vastus lateralis could
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Fig. 9. Indirect reduction with the AO-Distractor.

Fig. 10. Direct reduction in MIPO technique utilising the per-
cutaneous reduction clamp for reduction against the plate.

Fig. 11. Intraoperative fluoroscopy showing reduction against
the plate with the percutaneous reduction clamp.

cance of a learning curve characterised by an elevated
mal-union and revision rate (44) (53). Recently, the issue
of mal-rotation following MIPO has been critically
highlighted by Buckley et al. (6). 

Locked plating
Unlike conventional plate osteosynthesis, locking pla-

tes do not rely on friction at the bone-plate interface to
create stability. Screws are secured to the plate by dif-
ferent locking mechanisms between the screw’s head
and screw hole to allow the screws to be fixed at a cer-
tain angle. Therefore, locking plates do not have to have
direct contact to the bone, which allows for preserva tion
of the periosteal blood supply (24). 

Several studies have assessed the value of locked
implants in treatment of distal femoral fractures (14, 23,
29, 50, 51). The commonly used implant in these se-
ries is the Less Invasive Stabilisation System (LISS)
(Fig. 5 and 6). Zlowodzki et al. (53) analysed the out-
come of these studies as part of a systematic literature
review. Average non-union, fixation failure, deep infec-
tion, and secondary surgery rates were 5.5%, 4.9%,
2.1%, and 16.2% respectively. The technical errors that
have been reported for fixation failure comprised of
waiting too long to bone graft defects, allowing weight
bearing too early, and placing the plate too anterior on
the femoral shaft. Still, the LISS achieves very high
rates of union (100%) and excellent clinical results
(88%), based on the Lysholm score in multiple studies
(9, 11, 42, 44).

Basically, two variations of locking plates exist. Uni-
directional plating systems allow for locking screws to
be placed in one orientation and typically use a threa-
ded locking mechanism to create a fixed angle at the
screw-plate interface (Fig. 12). Variable angle plating
systems allow for the locking screw to be placed at dif-
ferent angles within certain limits based on the applied
locking mechanism.

Continued development of locking plates led to the
locking compression plate (LCP) that permits simulta-
neous application of locking screws as well as cortical
screws in the same plate (11). This “hybrid”-fixation
technique enables interfragmentary compression using
excentric drilling or lag screw application in simple frac-
ture patterns, as well as the combination with locking

Fig. 12. Intraarticular distal femoral fracture (AO 33-C3) and
its postoperative follow up after 8 months.

preserve the perforating blood vessels. In addition the
periosteal and medullary perfusion were superior when
compared to the classic lateral approach to the femur,
which raises the vastus lateralis and unpredictably dis-
rupts the perforating arteries (53). This plating techni-
que showed a decreased incidence of implant failure and
infection, allowed for earlier fracture callus formation,
and reduced the need for secondary bone grafting pro-
cedures in numerous clinical series (24, 53). Converse-
ly, the lack of direct visualisation of the meta- and dia-
physeal areas makes the procedure more technically
demanding and obliges an increased use of fluoroscopy
to ensure fracture reduction and correct limb alignment
(Fig. 10 and 11). Several authors alluded to the signifi-
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screws (Fig. 13) having the advantage of better fixation
that theoretically increases screw pull-out strength in
osteoporotic bone. 

Hybrid fixation has been shown to be comparable to
an all-locking screw technique in biomechanical stu-
 dies. Gardner et al. (16) compared the biomechanical
properties of hybrid plating, compression plating, and
locked plating in an osteoporotic synthetic simple hume-
ral shaft fracture model. Hybrid and locked plate con-
structs had equal torsional stiffness and cyclic loading
in torsion. Freeman et al. (15) compared load to failure,
axial stiffness, and screw extraction torque for distal
femoral locking plates with locked or non-locked dia -
physeal fixation in a non-osteoporotic and osteoporotic
cadaveric supracondylar femur fracture gap model.
Results demonstrated that locked diaphyseal fixation
was superior in the osteoporotic model only. 

To date, only one clinical study evaluated a plate with
the ability to use hybrid fixation in the distal femur using
the Locking Condylar Plate (condylar LCP, Synthes)
(49). Forty-six patients with distal femoral fractures
were treated with cannulated locking screws distally and
bicortical non-locked screws for diaphyseal fixation
using an open approach and indirect reduction techni-
que. Twenty-five patients suffered from open fractures.
Six of the 46 patients (13%) had implant failure. All of
the failures occurred in type C3 fractures, with 4 of the
6 being open fractures. In this series with ORIF the au -
thors concluded that the locking condylar plate should
solely be used when conventional fixed-angle devices
like the angled blade plate (ABP) cannot be positioned.
Furthermore, they recommended accurate fracture
reduction, fixa tion along with judicious primary bone
grafting, and protected weight bearing to decrease the
risk of implant failure with locking plates.

Multiple biomechanical studies have compared loc-
king plates and conventional fixed-angle implants like
the ABP (angled blade plate) or the DCS (Distal Femo-
ral Plate) in distal femoral fracture models (21, 31, 54,
55). All of these studies reveal that locking plates with

unicortical or bicortical diaphyseal fixation have ade-
quate axial stiffness but more elasticity when compared
to conventional fixed-angle implants. Although they
have less torsional stiffness, the studies that evaluated
torsional stiffness have shown that the distal fixation in
locked implants is typically maintained while conven -
tional fixed-angle implants have a higher rate of distal
cut-out from the femoral condyles (11).

Intramedullary nailing
Fixation by intramedullary nailing has been recom-

mended for type A fractures with intact distal femur to
allow interlocking (Fig. 14). Although both ante- and
retrograde nailing have successfully been applied in the
treatment of type C1 and 2 fractures (7, 27), antegra-
de nailing has not prevailed. The greater number of
distal fixation options available with retrograde nails
resulted in their preferential utilisation in clinical prac-
tice. As with MIPO plating of distal femur fractures,
indirect fracture reduction and a minimally invasive
approach were adopted for nailing as well. Henry et al.
(20) compared open versus percutaneous reduction
techniques for retrograde nailing of distal femoral frac-
tures. The authors were able to show improved post -
operative knee function with decreased operative time,
blood loss, bone grafting, and non-union rates without
differences in malunion rate using the percutaneous
approach. In a re view, for retrograde nailing in distal
femoral fractures Zlowodzki et al. (53) reported an ave-
rage non-union rate of 5.3%, fixation failure rate of
3.2%, deep infection rate of 0.4%, and a 24.2% secon-
dary procedure rate. Even in open fractures with or wit-
hout articular involvement, retrograde nailing permit-
ted early knee joint rehabilitation without an increased
risk of septic arthritis (10). Generally, functional out-
comes have been shown to correlate with patient age
and the severity of the initial injury (27). In elderly pa -
tients, limited weight bearing is recommended until
callus formation is seen to avoid fixation failure (3, 26).
Complications related to retrograde nailing include

Fig. 13. The “hybrid”- fixation technique allows interfragmentary compression using excentric drilling or lag screw applica-
tion in simple fracture patterns, as well as the combination with locking screws. Preoperative, postoperative and late x-ray con-
trols. The lag screw had to be removed after 3 months since it was hindering further fracture heaing. (38)
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Fig. 15. External fixator used as temporary device. During
definitive osteosynthesis it facilitates indirect reduction.

Fig. 14. Distal (or retrograde) femoral nail in a simple fracture in a patient with Girdlestone situation of the proximal femur. Day
of accident and 6 weeks following osteosynthesis.

anterior knee pain, injury to the deep femoral artery
with proximal locking, iatrogenic fracture of the femo-
ral shaft, stress fracture above the implant, fatigue fai-
lure of the nail, intra-articular impingement of the nail
due to inadequate entry point of the distal interlocking
bolt, and varus malalignment requiring osteotomy cor-
rection (3, 10, 11, 26, 53). 

Antegrade nailing in distal femoral fractures has been
reserved for type A with fracture lines > 5 cm proximal
to the articular surface to allow for adequate distal fixa-
tion. Benefits of antegrade intramedullary fixations in -
clude using a load-sharing device, decreasing surgical
dissection of the fracture, and avoiding a large open arth-
rotomy (11). The systematic review of Zlowodzki et al.
(53) revealed a non-union rate of 8.3%, 3.7% rate of
fixation failure, 0.9% infection rate, and 23.1% rate of
secondary procedures for antegrade nailing of distal
femoral fractures.

Two studies, one a randomised trial and the other
a prospective cohort study (18, 52), compared intrame-
dullary nailing with plate fixation in distal femoral frac-
tures. Union was high in both the plate group (84.6%)
and the nail group (90.0%) without a statistically sig-
nificant difference. With reference to complications,
deep infections, knee range of motion, and time to uni-
on, nails appeared to be associated with better outco-
me, but this was not statistically significant. Likewise,
Markmiller et al. (29) demonstrated in a non-randomi-
sed study that LISS and the distal femoral nail achie-
ved both high rates of union and very good clinical
results. Statistically significant differences in blood
loss, mean operative time, and length of hospital stay
were noted preferring the nail. In a prospective cohort
study comparing mini open dynamic condylar screw
versus supracondylar intramedullary nail, complica -
tions and time to union did not differ.

However, the systematic review of Zlowodzki et al.
(53) was able to demonstrate that fractures treated by
retrograde nailing tend to be less serious than those re -
ceiving plate osteosynthesis.

External fixator
External fixation is most commonly used as a tem-

porary joint spanning device (Fig. 15). It is typically
employed for patients suffering from open fractures,
bone loss, significant comminution, vascular injury, or
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extensive soft tissue damage. Advantages described for
external fixators comprise of less disruption of the blo-
od supply to fracture fragments, decreased blood loss
and length of surgery. Monolateral external fixations
without spanning the knee as well as circular or ring
fixators have been most commonly used (1, 2, 30).

Complications associated with the use of external
fixation for definitive treatment of distal femoral frac-
tures involve osteomyelitis, pin tract infection, septic
arthritis, loss of reduction, delayed union or non-union
requiring bone grafting, and limited knee motion
through arthrofibrosis (30, 55). Time to bony union has
been reported to require up to an average of 25 weeks
(1). Zlowodzki et al. (53) reported an average 7.2% non-
union rate, a 1.5% rate of fixation failure, a 4.3% rate of
deep infection, and a 30.6% rate of secondary surgical
procedures for treatment of distal femoral fractures with
external fixation. However, all studies reporting on
external fixation have been small case and mostly sing-
le surgeon series.

In conclusion, of all treatment options reported mini-
mal invasive plate osteosynthesis (MIPO) or distal femo-
ral nailing seems to prevail some pivotal advantages and
should be preferentially applied. Locking plates (con-
dylar LCP and LISS) may be used for all fracture types,
whereas the distal femoral nail has limited indications
in comminuted C2 and C3 fractures. Overall, DCS offers
no advantages compared to locking plates and is not
recommended for type C2 and C3 fractures. 

PROGNOSIS

The prognosis of distal femoral fractures is depending
on the fracture type. Type A and B fractures imply a more
favourable prognosis than type C fractures. Involvement
of the articular surface of the knee affects knee flexion,
stability, and overall patient satisfaction. 

Surgeons with increased experience may significant-
ly reduce the risk of revision surgery. (53)

CONCLUSION

The treatment of distal femoral fractures has impro-
ved with the evolution of plating and nailing technolo-
gies. Minimal invasive procedures hold biological
advantages as the incidence of delayed or non-union,
infection, and the need for bone grafting are signifi-
cantly decreased. However, MIPO inherits the disa-
dvantage of a potentially higher mal-union rate and is
technically demanding. The prognosis, though, seems
to be less depended on the implant than on the type of
fracture. 
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