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Abstract. Background: The treatment of distal femur fractures represents a challenging task. General and local
factors, including bone quality, articular surface involvement, fracture comminution, associated soft tissue in-
juries and ultimately fixation system, all play a role in the final clinical outcome. Current surgical approaches
often undermine patellar vascularization and integrity of the extensor apparatus, not guaranteeing sufficient
visualization of the medial condyle. This technical note presents the efficacy and safety of a new surgical
technique to address distal femoral fractures. Methods: The original “swashbuckler” surgical approach was
modified in order to obtain a better visualization of the lateral and medial femoral condyles without affecting
the knee extensor mechanism and the anastomotic arterial supply of the patella. This modified surgical ap-
proach was utilized in a consecutive series of patients presenting with a AO Foundation/Orthopaedic Trauma
Association (AO/OTA) 33 distal femur or periprosthetic fracture of the knee. The last follow-up functional
outcome was recorded according to Sanders scoring system. Resu/ts: Twelve patients with a mean age of
67, 8 years were included in this series. The same, modified “swashbuckler” surgical approach was applied in all
cases. Multiple internal fixation techniques, including a single lateral plate, a combination of a lateral and me-
dial plate, a single lateral plate associated with lag screws, were used to obtain a satisfactory stabilization of the
fracture site. All patients were reviewed at a minimum one-year follow up (median 15 months): all patients
returned to their previous life style or work activity; average Sanders Score was 34.9. No major intraopera-
tive or postoperative complications were recorded. Conclusions: The modified swashbuckler approach allows
anatomical reduction and appropriate fixation with a theoretically reduced severance of the blood supply to
the patella and preserves the integrity of extensor mechanism. (www.actabiomedica.it)
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Background

The treatment of distal femur fractures represents
a challenging task, as the outcome is influenced by
numerous factors: bone quality, patient’s age, articular
surface involvement, presence of small fragments, fixa-
tion system and associated soft tissue injuries, all play
a role in the final clinical result (1, 2). Traditionally,
obtaining an anatomical reduction is a priority that

must be achieved without compromising the soft tis-
sues and knee vascularization [3]. In addition to clas-
sical fractures, trauma surgeons are often asked to treat
complex distal femur periprosthetic fractures or other
complicated cases, such as non-unions or malunions.
Different strategies have been described to solve these
challenges, as the choice of an adequate surgical ap-
proach represents the first step to achieve satisfying
reduction and fixation (4, 5).
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The aim of this study is to present a modification
of the classical “swashbuckler” approach to the distal
femur, highlighting its main features when compared
to the other approaches and presenting the clinical re-
sults in a retrospective case series (6).

Methods

All patients aged 18 years and older who pre-
sented with a distal femoral fracture at the first author
Institution between January 2017 and December 2019
were potentially eligible for study. We retrospectively
queried our institutional surgical procedures and out-
patient consultation database. Only patients with distal
femoral fracture who underwent open reduction and in-
ternal fixation (ORIF) through a modified “swashbuck-
ler” approach were included. The pre-operative radiologic
images of all the eligible patients were obtained from the
Picture Archiving and Communication System (PACS,
GE Healthcare, USA) and examined in at least two
standard projections (anteroposterior and lateral views of
the distal femur and knee); a computerized tomography
(CT) scan allowing 3D reconstruction was performed
in all cases. There were no differences in the surgical ap-
proach between different surgeons. We did not perform
any damage control procedure and all procedures were
performed in a single-stage setting. The fracture type was
classified according to the AO Foundation/Orthopaedic
Trauma Association (AO/OTA) classification sys-
tem (7). Periprosthetic fractures of the distal femur
were classified according to the Lewis and Rorabeck
Classification (8). Patient characteristics at the time of
fracture were obtained from hospital files, including data
on age, gender, weight, risk factors and comorbidities.
Patients were followed for a minimum of 12 months
postoperatively. Each follow up (FU) visit consisted
of an outpatient consultation with a careful clinical
and radiological examination (two weight-bearing an-
teroposterior and lateral radiographic projections of
the distal femur including the knee) at an interval of
1, 3, 6, 12 months postoperatively and thereafter de-
pending on the need of further control. Knee range of
motion (ROM) at the last follow-up was recorded and
results grouped into 4 sets: less than 90°, between 90°
and 100°, between 101° and 119° and finally greater

than 120°. Clinical outcomes and complications, such
as infections, implant failure, osteolysis, bone collapse,
skin necrosis, knee stiffness and quadriceps hypotrophic
changes were all recorded. The final outcome was classi-
fied according to the functional evaluation scoring sys-
tem described by Sanders et al (9): this scoring system
takes into consideration the functional performance of
patients as well as rate of fatigue failure of the construct
after fixation of distal femur fractures; the outcome
was defined as excellent (36 - 40 points), good (26 - 35
points), fair (16 - 25 points) and poor (0 - 15 points).

Description of the modified swashbuckler approach

The patient was placed supine onto a radiolucent
table with a roll beneath the knee in order to maintain
a flexion of approximately 30° of both hip and knee.
A radiolucent bump was also placed under the ipsi-
lateral buttock to avoid excessive external rotation of
the lower limb. In order to prevent quadriceps medial
retraction and avoid ischemic damage to the tissues, no
tourniquet was used (8). Starting at the lateral aspect
of the tibial tuberosity, a blunt incision, which main-
tained a distance of about 2 cm from the lateral border
of the patellar tendon, was made first; at the base of
the patella, the incision deviated slightly, aiming for
the posterior depression of the vastus lateralis until
it reached the anterolateral aspect of the thigh, about
5 fingerbreadths from the patella (Figure 1); the incision
continued along thigh anterolateral aspect as proximal
as needed. Subsequently, the approach was addressed
from its proximal to its distal sections. The incision was
first extended deep to the quadriceps fascia, which was
incised, exposing the quadriceps muscle belly. The ili-
otibial band was then bluntly separated from the vastus
lateralis muscle and retracted laterally. The lateral in-
termuscular septum, which separates the anterior and
posterior compartments of the thigh, usually relates
directly to the iliotibial band distally at the level of the
patella: a blunt dissection was used to divide the septum
from the vastus lateralis until the anterolateral aspect
of femoral shaft is exposed and visualized according
to the surgeon’s need. After the vastus lateralis has
been detached from the lateral intermuscular septum,
Hohmann retractors were used to displace the quadri-
ceps muscle medially and to expose distal femur. The
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Figure 1. Modified anterolateral swashbuckler approach: a smooth curve incision which distally maintains a distance of about 2 cm

from the lateral border of the patellar tendon.

superior lateral geniculate artery was identified before
it joins the anastomotic lateral circle and was ligated.
The distal extension of the subcutaneous dissection
must be performed carefully and precisely to mini-
mize the disruption of the patellar arterial supply.
Parapatellar arthrotomy is performed at least 2 cm
from the lateral patellar margin in order to preserve
the integrity of the peripatellar vascular anastomotic
ring (Figure 2). The integrity of the lateral descending
and the transverse infrapatellar artery are thought to
be pivotal in maintaining patellar vascularization on
both sides of the anastomotic ring. The lateral inferior
geniculate artery, which crosses the surgical incision
perpendicularly at the height of the lateral menis-
cus, was always ligated. We recommend preserving,
if possible, the anterior tibial recurrent artery which
usually crosses the surgical field at the height of the

tibial tuberosity, in order to maintain a better vascu-
larization of the peripatellar anastomotic ring (9, 10).
If a wider visualization of the medial side of the distal
femur is required, the vastus intermedius muscle could
be stripped from the femoral anterior cortex, as there
are no attachments distally (Figure 3). The last step to
increase exposure of the medial condyle was to bend
the knee few degrees in association with a medial slid-
ing of the extensor apparatus in order to avoid unnec-
essary stress at the fracture site. Adductor magnus and
biceps femoris brevis muscles usually remained intact
at the posterior aspect of the femur, as there is no need
to further expose both these structures. A retractor is
usually useful to move the patella medially. Before skin
suture, the retinaculum is closed with absorbable su-
tures with special attention not to damage the lateral
circulatory anastomosis of the patellar network.
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Postopemtiw management

A single daily dose of low-molecular-weight hep-
arin12 hours after the operation was administered as
a prophylaxis to prevent deep venous thrombosis of
lower extremities. No hemovac drain was placed in
any joint. The skin stitches were removed two weeks

after the procedure or later if the surgical wound has

Figure 2. a. Lateral Superior Genicular Artery; b. Lateral As-
cending Parapatellar Artery; c. Trasverse Infrapatellar Artery; d.
Anterior Tibial Reccurent Artery. The superior lateral genicu-
late artery is ligated, whereas the lateral ascending artery, the
transverse infrapatellar and the anterior tibial recurrent artery
should be preserved.

not healed. Our standard protocol includes toe touch
weight bearing for the first 4 weeks, then partial
weight bearing (15-20 kg) for the following 2 weeks,
and, finally, full weight bearing was allowed 6-8 weeks
post-operatively. In patients number 7, 9, 10 and 12
(Table 1), partial weight-bearing was prolonged to
6 weeks due to the advanced age. A knee brace was not
used in this series; ROM exercises were recommended
starting from postop day 1. During hospitalization,
patients underwent two, 50 minutes physiotherapy
sessions each day. Patients aged 65 years or older were
discharged to a nursing facility, while younger patients
were discharged at home. All patients underwent
physiotherapy outpatient sessions after discharge.

Results

The demographic data are illustrated in Table 2.
Two males and ten females with a mean age of 67,8
(18 ~90) years were included in our study. All were
closed fractures. The median delay from injury to sur-
gical procedure was 2,8 (1~6) days. None of the pa-
tients had any neurological or vascular deficit at the
time of admission. After a median follow-up of 14,9
(12~24) months, all patients regained their activi-
ties of daily living. No cases of major complications
as infections, plate breakage or loosening, varus col-
lapse, bone reabsorption were recorded. Three pa-
tients were treated with lateral plating, three patients
with medial plating and lag screws and 6 patients

Figure 3. The vastus intermedius is stripped from the femoral anterior cortex.
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Table 1. Injury characteristics of the patients.

Follow-up Major Sanders

Case | Age(Years) | Gender | Diagnosis | Treatment (months) complications Scoring System

1 18 M AO 33 C1 | Lateral plate 24 None 40

2 64 F AO 33 B2 | Media plate & lag screws 20 None 37

3 66 F LR 2 Lateral & medial plate 16 Anterior Knee Pain 34

4 36 M AO 33 A3 | Lateral & medial plate 14 None 40

5 72 F AO 33 B2 | Media plate & lag screws 12 None 36

6 74 F AO 33 A3 | Lateral plate 20 None 33

7 90 F LR 2 Lateral & medial plate 12 Anterior Knee Pain 34

8 82 F AO 33 C3 | Lateral & medial plate 12 None 37

9 90 F AO 33 A3 | Lateral & medial plate 12 None 28

10 88 F LR2 Media plate & lag screws 12 None 34

11 45 F AO 33 A3 | Lateral plate 12 None 35

12 89 F AO 33 A2 | Lateral & medial plate 13 None 30

Table 2. General information of the patients. to the functional evaluation scoring system described

Item by Sanders (9): 4 cases were rated excellent, 8 cases
Gender (male/female) 2/10 good, no cases had a fair or poor score. The mean score
Mean age (years) 67,8 was 34,8 points (30 ~40). Among the patients, 7 had
Fracture region (left/right) 6/6 maximal flexion of more than 120°, 5 patients had flex-

Injury cause ion between 90° and 120°, no patient showed a flexion
Vehicular accidents 2 below 90°.
Fall injuries 10

AO/OTA classification: 33 Discussion
A2 1
43 4 This study showed that the modification of the
B2 1 classical “swashbuckler approach” has allowed for an
C1 2 appropriate internal fixation of distal femoral frac-
C3 1 tures: the rate of complications, related to the surgical

Rorabeck-Lewis classification of supracondylar approach, was very low.

periprosthetic femoral fracture (Type II) 3 Displaced or comminuted distal femur fractures

with dual-plating (lateral and medial) of the distal
femur. Two patients who sustained a periprosthetic
fracture complained of anterior knee pain since their
first FU consultation: during further investigation, it
appeared that both patients had anterior knee pain
previous to the traumatic event, as a complication
of the original total knee arthroplasty (TKA) proce-
dure. All incisions were healed at the time of final FU.
The postoperative joint function was rated according

require anatomic reduction of the articular surface
since literature agrees that articular incongruity leads
to poor outcomes (10). Due to the combination of an
increased life expectancy and younger patients under-
going TKA, periprosthetic fractures of the distal fe-
mur are no longer a rare event. According to a recent
study, up to 5% of primary total knee arthroplasty
patients and up to 30% of revision patients will suffer a
periprosthetic fracture (11). A recent danish study has
identified an annual 8.7/100,000 incidence of distal

femur fractures; a rapid increase in incidence has been
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demonstrated over the age of 60, predominantly in the
female gender (12).

In order to achieve an anatomic, intra-articular
reduction at the fracture site, the surgeon must be
able to fully visualize and address the proximal end
of the knee joint. Historically, the direct lateral access
proposed by Marcy et al. in 1947 has represented the
gold standard in a distal femoral fracture scenario (13).
Unfortunately, this approach lacks the visualization
of the entire medial condyle and trochlea as well as
the severance of multiple perforating arteries: its as-
sociation with a medial parapatellar incision can be
tempting but the soft tissue vascularization is usu-
ally exposed to a high risk of necrosis; moreover, its
proximal extension is laborious and time wasting. The
Olerud approach usually guarantees good visualiza-
tion, but the current authors believe that a prolonged
post-operative immobilization, typically following that
surgical approach, is not recommended for an elderly
patient (14). Nevertheless, tibial tuberosity osteotomy
(TTO) ensures wide intercondylar visualization but
the integrity of the extensor apparatus is essential for
early weight-bearing and early mobilization (14, 15).
Similarly to the current authors, Starr et al claimed
that their version of the “swashbuckler approach” al-
lowed for wide visualization of the distal femur with-
out damaging the extensor apparatus (6). Dugan et al.
reported poor knee ROM after this approach was ap-
plied to a series of patients; interestingly, Khalil and
Ayoub reported multiple complications, including
infections, non-unions, delayed tibial tuberosity os-
teotomy healing, in several young patients who have
sustained 33-C3 fractures (16, 17). On the other side,
a TTO is useful in a periprosthetic fracture scenario
but several authors, in this clinical situation, reported
severe complications (18-20). Beltran et al. proposed
a “minimally invasive” version of the classical ‘swash-
buckler approach”: this modification significantly re-
duced the length of the skin incision and the extension
of the quadriceps stripping from the meta-diaphyseal
bone; the current authors consider a good visualization
of the metadiaphyseal portion as necessary to obtain a
satisfactory fracture reduction and subsequent fixation
(21). On the other side, the current authors use the
access proposed by Beltran et al. for the treatment of
Hoffa fractures, because of its minimally invasiveness

and good joint visualization. Several case reports and
case series have confirmed the validity of the “swash-
buckler approach” as proposed by Starr et al. (3, 22-24).

The main drawback of the “swashbuckler ap-
proach” in all its modified versions is the inclusion of a
lateral parapatellar arthrotomy which may undermine
the lateral supply to the anastomotic patellar ring [25].
In fact, recent literature has identified poor vasculariza-
tion as one of the etiologies of postoperative anterior
knee pain as well as patellar necrosis and stress fractures
(26-30). The current authors developed a modification
of the “Swashbuckler approach” with the primary in-
tention of not reducing blood flow to the patella while
maintaining the ability to mobilize the extensor mech-
anism and gain access to the medial condyle. Lazaro
et al in their cadaveric study, defined patellar anasto-
motic ring “safety margins” while performing a knee
arthrotomy: they found that a tissue cuff greater than
15 mm, both medially and laterally, ensured the patellar
blood supply not be damaged. Based on these findings,
the current authors decided to perform the arthrotomy
with a minimum 2 cm margin (31). This choice did not
lead to a reduction in the mobility of the extensor ap-
paratus allowing the surgeon to perform a dual-plate
osteosynthesis when indicated (Figures 4, 5, 6). In
light of recent literature, internal fixation with a me-
dial and lateral plate appears to be the gold standard
in the treatment of distal femur fractures in the elderly
population, which may benefit from early loading and
mobilization in terms of lower mortality, inferior mor-
bidity and overall better function (1, 32-38). On the
other side, if a TKA will be subsequently indicated,
the surgeon could decide whether to perform a more
familiar medial approach or a lateral one, not being
excessively afraid of ischemic complications involving
the patella and the adjacent soft tissues. The current
authors made the same considerations with an inverse
temporal order regarding dual-plating of periprosthetic
fractures. Knowing that the anastomotic circle has been
interrupted from the medial side, the authors were able
to safely visualize and instrument the entire fracture by
incising laterally, keeping the previously described ar-
throtomy margin (31).

In the two years period examined in the cur-
rent study, the authors did not routinely perform
retrograde intramedullary nailing for AO/OTA
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Figure 4. Male patient, 36 years old, AO 33 A3 type distal femur fracture ac-

cording to the AO/OTA classification.

Figure 5. X-rays one month after surgery. Double plating fixation of the distal femur.

33 or LR type 2 fractures: they acknowledge that
this surgical option has recently produced good re-
sults and it is currently practiced by the authors for
LR type2 fractures when the femoral component

presents an “open box” and in AO/OTA 33 A cases,
often accompanied by a supplemental plate (39, 40).
This study has several, major limitations: first, this is
a retrospective case series, lacking of control subjects,
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Figure 6. X-rays 12 months after surgery: the bone callus is visible with clear signs of
fracture healing.

with an average 14,9 months follow-up. The sample
size is small in order to draw conclusions applicable
to the general population. The main purpose of this
study was to describe our surgical technique and gain
information to generate hypotheses that lead to future,
more focused studies of a stronger design. Although
the patient population in the current study is hetero-
geneous regarding demographics and diagnosis, it re-
flects the two clusters that are most encountered in a
standard, public, clinical practice: high-energy trauma
in the younger population and low-energy trauma in
the elderly. Different fixation options have been cho-
sen in this series but all procedures had in common
the goal of obtaining an anatomical reduction which
was reached thanks to an effective visualization of the
medial metadiaphyseal portion of the distal femur.
Although the current authors did not encounter any
difficulties in patellar mobilization during the surgical
procedures, this finding needs to be verified and sup-
ported by future studies (41). In support of the authors
conclusions, a large scale contrast-enhanced knee
MRI study could be useful to verify the integrity of
the peri-patellar circulation and a doppler ultrasound
study could eventually verify the intra-patellar blood

flow (42, 43). Another limitation of the current study
is the difference in the skin incision location between
the current authors and Starr et al. and by Beltran
et al.: the current authors decided to make a skin inci-
sion 2 cm lateral to the patellar tendon; however, the
current authors do not believe that this can constitute
a substantial difference in comparison with the other
authors, although it makes a subsequent medial knee
incision more feasible (6, 21).

Conclusion

Fractures of the distal femur, whether on native
bone or prosthetic implant, are increasing in number
and their mortality is similar to the one of the proxi-
mal femur. The “modified Swashbuckler” approach
allows anatomical reduction and appropriate fixa-
tion, preserves the integrity of the extensor mech-
anism and interferes minimally with the patellar
vascularization.

The authors believe that this modified approach
represents a solution to meet the modern demands
for robust fixation and early mobilization without
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incurring in ischemic damage to the patella and the
periarticular soft tissues.
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