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      Patellar Fractures                     

     Stefano     Zaffagnini     ,     Federico     Raggi    , 
    Alberto     Grassi    ,     Tommaso     Roberti di Sarsina    , 
    Cecilia     Signorelli    , and     Maurilio     Marcacci   

    Abstract  

  Patella fractures are relatively rare compared to all skeletal injuries but 
quite common for those who works with knee trauma. This type of frac-
tures are mainly caused by a direct trauma, and can generally be diagnosed 
by clinical presentation and x-rays. Conservative treatment is reserved for 
non-displaced fractures, for other surgical reduction and fi xation by ten-
sion band tachnique are the best choices.  

 The surgeon must know postoperative management and how to handle 
the early and late complications of this type of fractures.   

1.1      Epidemiology 

 Patellar fractures are relatively rare and represent 
1 % of all skeletal injuries [ 1 ,  2 ] with an overall 
incidence of 10.7 per 100.000 people per year 
[ 3 ]. This type of fractures is most common in the 
age range of 20–50 years, and the incidence in 
men is almost twice than in women [ 4 ,  5 ]. 

 Patellar fractures are rare in children because 
the patella is largely cartilaginous and has greater 
mobility compared to adults [ 6 ]. Of all patellar 
fractures, less than 2 % occur in the skeletally 
immature patients. 

 Only a third of the patellar fractures encoun-
tered in the emergency department require a sur-
gical intervention [ 7 ].  

1.2     Traumatic Mechanism 

 Patellar fractures can result from direct and indi-
rect forces or a combined mechanism. 

 The majority of patella fractures occur from a 
direct trauma to the front of the knee [ 8 ], for 
example, a fall from a height, a blow to the patella 
from a direct fall, or a motor vehicle crash. 
Usually the trauma occurs onto the fl exed knee. A 
direct trauma may produce an incomplete, sim-
ple, or comminuted fracture. Displacement is 
typically minimal owing to preservation of the 
medial and lateral retinaculum expansion. 
Abrasions over the area or open injuries are com-
mon. Active knee extension may be preserved. 
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 Indirect mechanism is secondary to forcible 
eccentric quadriceps contraction while the knee is 
in a semifl exed position. The intrinsic strength of 
the patella is exceeded by the pull of the musculo-
tendinous and ligamentous structures. Indirect 
injuries occur from a near fall or a stumble. The 
injury usually results in a transverse fracture with 
some inferior pole comminution and the fragment 
displacement is dependent on the amount of dam-
age to the quadriceps retinaculum. Active knee 
extension is lost in the majority of cases. 

 Combined mechanism may be caused by a direct 
and indirect injury to the knee, such as in a fall from 
a height. Combined injury can present with soft tis-
sue trauma and large fragment displacement.  

1.3     Clinical Examination 

 The diagnosis of a patella fracture is made by 
collecting a complete history of the injury, per-
forming a physical examination, and obtaining 
appropriate radiographic studies [ 9 ]. 

 Patients typically present with limited or no 
ambulatory capacity, decreased strength, pain, 
swelling, and tenderness of the involved knee. A 
large hemarthrosis can develop from a patella 
fracture, especially when a large retinaculum tear 
is associated. 

 Palpation of the subcutaneous patella can dem-
onstrate the point of maximal tenderness, and, if 
the displacement is signifi cant, the physician can 
palpate a defect between the fragments. In non-
displaced fractures clinical examination can only 
demonstrate tenderness with little or no swelling. 

 Any major contusion, abrasion, or blister should 
be carefully examined to rule out an open fracture, 
because these constitute a surgical urgency and 
require surgical debridement within 6–8 h. Delays 
in treatment can lead to infection of the fracture 
site and knee joint. A simple test by the injection of 
more than 100 ml of saline into the knee is useful 
to determine if there is communication between 
the joint and the soft tissue injury [ 10 ]. 

 In closed fractures, removal of the hemarthro-
sis decreases the intra-articular pressure, and an 
intra-articular injection of local anesthetic can be 
performed to decrease the pain and facilitate the 
evaluation of the extensor mechanism. 

 The damage to the extensor mechanism is 
tested by asking the patient to fully extend the leg 
with a pillow placed under the affected knee. Full 
active extension against gravity only indicates an 
intact extension mechanism but does not rule out 
the presence of a fracture. The inability to extend 
the knee in the presence of a patella fracture indi-
cates a tear of both medial and lateral retinacula 
[ 1 ]. Testing the effi ciency of the extensor mecha-
nism is critical to determine whether a fracture 
will require closed or operative treatment. 

 Full active or passive range of motion of the 
knee should not be performed until a radiographic 
study is taken, because this can potentially further 
damage the retinaculum or displace the fracture. 

 Associated lower extremity injuries may be 
present in the setting of high-energy trauma. The 
physician must carefully evaluate the ipsilateral 
hip, femur, tibia, and ankle. 

 After completion of the clinical examination, 
the lower extremity is splinted in extension or 
slight fl exion.  

1.4     Imaging and Preoperative 
Work-Up 

 Radiographic studies of the patella fractures 
include standard x-rays of the knee in anteropos-
terior (AP) and lateral views and patellar views, 
computed tomography, and bone scanning. 

 Comparison views of the contralateral knee 
may help defi ne the bony anatomy and soft tissue 
alignment, for the preoperative planning. 

 In the AP view, the patella normally projects 
onto the midline of the femoral sulcus. Its apex is 
located just above a line drawn across the distal 
profi le of the femoral condyles. In the AP view, 
the patella is diffi cult to evaluate, because of the 
superimposition of the distal femoral condyles. 

 The lateral view provides a profi le of the 
patella, fracture fragment displacement, and con-
gruity of the articular surface. This view must be 
examined for fracture lines, fracture displace-
ment, and patella height abnormalities. The prox-
imal tibia must be visible to exclude bony 
avulsions of the patellar tendon from the tibial 
tuberosity. A “patella baja” may be indicative of 
a quadriceps tendon rupture, while a “patella 
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alta” may be the sign of a patellar tendon rupture. 
The best way to recognize an abnormal position 
of the patella is the Insall-Salvati method [ 11 ]. 
This technique uses the ratio between the greatest 
diagonal patella length and the patellar tendon 
length. This ratio is normally around 1. A ratio < 1 
suggests a high-riding patella (“patella alta”) or 
patellar tendon rupture. 

 The 30° Merchant view is obtained with 45° 
of knee fl exion and the central beam directed 
caudally at a 30° angle from horizontal. If a 
longitudinal or an osteochondral fracture is sus-
pected, the Merchant view can be helpful. 

 Tendon rupture, patellar dislocation, and 
growth abnormality (bipartite patella) must be 
ruled out by imaging. 

 Isolated rupture of the quadriceps or patellar 
tendon must be excluded by clinical evaluation 
and by the lateral x-ray view that may indicate an 
abnormal position of the patella. 

 Dislocation, most common on the lateral side, 
may result in an osteochondral shear fracture 
with lesion of the medial margin of the patella. 

 The AP radiograph may demonstrate bipartite 
or tripartite patella, resulting from failure of 
fusion of two or more ossifi cation centers. This 
abnormality has usually one or two fragments in 
the superior lateral patellar pole, with irregular, 
rounded, and sclerotic margins. Bipartite patella 
is bilateral in 50 % of cases. 

 Computed tomography scan may be used to 
better delineate fracture patterns and free 
osteochondral fragments or evaluate articular 
incongruity in case of nonunion, malunion, and 
patellofemoral malalignment. 

 Bone scintigraphy with Tc-99m can be helpful 
in the diagnosis of stress fractures, while 
indium-111 leukocyte scintigraphy can reveal 
infection.  

1.5     Classifi cation 

 The majority of patella fracture classifi cations 
use descriptive terms of the fracture pattern or 
location. 

 The Orthopaedic Trauma Association (OTA) 
classifi cation system is widely accepted for the 
classifi cation of patellar fractures [ 12 ]. In the 

OTA classifi cation each fracture type has a code, 
consisting of three elements (Fig.  1.1 ). The fi rst 
number identifi es the bone (34 for the patella), 
and the fi rst letter (A, B, C) describes three differ-
ent fracture types:

     A.    Extra-articular, extensor mechanism disrupted   
   B.    Partial articular, extensor mechanism intact, 

often vertical fractures   
   C.    Complete articular, extensor mechanism 

disrupted    

  The two following numbers describe the loca-
tion of the fracture and the number of fragments. 

 Patella fractures can be classifi ed also in 
geometric terms (Fig.  1.2 ) such as transverse, 
stellate or comminute, longitudinal or marginal, 
proximal, or distal pole [ 13 ].

1.6        Indications 

 The choice of the treatment depends on the type 
of fracture and clinical presentation. Fractures of 
the patella can be treated conservatively or 
 surgically [ 14 ]. 

 Surgery should be avoided in patients with 
high preoperative risk or joint ankylosis and prior 
failed extensor mechanism or in nonambulatory 
patients [ 15 ]. 

 Nonoperative treatment is possible in case of 
closed, non-displaced fractures with an intact 
extensor mechanism (34-B). Conservative 
treatment should meet the indications of fragment 
separation of less than 3 mm and articular incon-
gruity less than 2 mm [ 12 ,  15 ]. 

 Conservative management involves immobili-
zation of the knee in nearly full extension for 5–6 
weeks through the use of a long-leg plaster cast or 
a brace. The patient is allowed to partially weight-
bear using crutches, advancing to full weight 
bearing with crutches as tolerated. Quadriceps 
exercise with straight-leg raising and isometric 
strengthening exercises should be started within a 
few days from the injury. 

 After radiographic evidence of healing, pro-
gressive active fl exion and extension strengthen-
ing exercises are begun with a hinged knee brace 
initially locked in extension for ambulation. 

1 Patellar Fractures
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 Operative treatment is recommended in patella 
fractures with more than 2 mm of articular dis-
placement or 3 mm of fragment separation. 

Indications for operative treatment also include 
fractures with disruption of the extensor 
 mechanism (34-A), comminuted fractures with 

  Fig. 1.1    The OTA classifi cation of patella fractures       
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 disruption of the articular surface (34-C), osteo-
chondral fractures with loose bodies, and mar-
ginal or longitudinal fractures with comminution 
or displacement (34-B1.2/34-B2.2) [ 8 ,  12 ,  15 ]. 

 Surgical treatment generally entails reducing 
the displaced fragments and fi xing these together 
with a combination of screws, pins, and wires. 
Multiple methods of surgical management have 
been described, including tension band wire 
fi xation, cannulated screws combined with a 
fi gure-of-eight wire, plate and screw fi xation, and 
cerclage wiring/suturing. 

 Two alternative options are partial and com-
plete patellectomy. Indications for partial patel-
lectomy are limited but include the presence of a 
large, salvageable fragment in the presence of a 
smaller, comminuted polar fragment, where 

restoring the articular surface or achieving a sta-
ble fi xation is impossible. 

 Total patellectomy is reserved for extensive 
and severely comminuted fractures or as a salvage 
procedure for failed surgical repairs and chronic 
infections [ 14 ].  

1.7     Surgical Technique 

 The goals of surgery are to preserve patella func-
tion, restore the extensor mechanism, and reduce 
the complications related to articular fractures. 

1.7.1     Patient Position 

 The patient is placed supine on a radiolucent 
table. A cushion under the patient’s ipsilateral hip 
is helpful to rotate the leg internally. A tourniquet 
around the thigh, infl ated to about 200 mmHg, is 
used. The surgeon has to take into account that 
the infl ated tourniquet can complicate the 
reduction of the fracture by retracting the 
quadriceps. To avoid this, the knee should be 
carefully fl exed beyond 90° and the patella 
manually pushed distally to gain as much length 
as necessary before the tourniquet is infl ated. In 
some cases, defl ating the tourniquet while reduc-
ing the fracture can be helpful.  

1.7.2     Surgical Approach 

 Several surgical approaches have been described 
for the operative treatment of patella fractures. 

 The most common approach is a midline lon-
gitudinal incision over the patella that can be 
extended proximally or distally (Fig.  1.3 ).

   Parapatellar incisions are also possible; these 
are indicated in case of open fractures where the 
skin lesion is incorporated into the approach. 

 The transverse approach should be avoided in 
order not to damage the infrapatellar branch of 
the saphenous nerve. 

 After incision of the superfi cial fascia, the 
extensor apparatus is exposed and tears in the 
auxiliary extensors can be identifi ed. If a knee 

UNDISPLACED TRASVERSE

COMMINUTED
DISPLACED

COMMINUTED
UNDISPLACED

VERTICAL

OSTEOCHONDRAL

LOWER POLE
(OR UPPER)

  Fig. 1.2    Rockwood’s patella fracture classifi cation       
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joint inspection is necessary, a medial  parapatellar 
arthrotomy is made. Intra-articular procedures 
can be performed as needed. In case of open frac-
tures or a preexisting chronic bursitis, the prepa-
tellar bursa may be excised; this is normally not 
required in closed fractures.  

1.7.3     Reduction and Fixation 
Techniques 

 As in all articular fractures, surgical treatment 
begins with achieving an accurate reduction of 
the articular surface. The larger fragments are 
reduced using a large pointed bone reduction 
forceps (Fig.  1.4 ). In type A or C fractures, 
reduction is easier in a full or hyperextended 
position of the knee. Longitudinal type B frac-
tures are sometimes better reduced with the knee 
fl exed. A temporary Kirschner wire fi xation is 
often used in comminuted fractures. The wires 
can also be used as joysticks to help in reducing 
the fragments. Anatomical reduction of the artic-
ular surface is monitored by palpating the joint 

from inside with the knee fully extended or 
slightly hyperextended. This digital palpation of 
the articular surface is normally possible through 
tears or incisions in the medial or lateral 
retinaculum.

1.7.3.1       Tension Band Wiring 
 The principle of this technique is to convert the 
tension force into compression force as the knee 
is fl exed. The patella is loaded in tension by the 
extension mechanism. In fractured patellae this 
causes displacement of the fragments. Proper 
application of a tension band wire construct to a 
patella fracture converts this tension force into 
compression at the level of the articular surface. 

 The tension band wire construct alone is gen-
erally reserved for the displaced transverse 
patella fracture. 

 Two parallel Kirschner wires (1.6–2 mm) are 
placed longitudinally, through the reduced 
fragments. The ideal level for the pins lies in the 
center of the patella, approximately 5 mm below 
its anterior surface. 

  Fig. 1.3    Surgical approach and exposure of the patella         Fig. 1.4    Reduction technique using pointed bone 
 reduction forceps       
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 A suffi ciently long (about 30 cm), 1.0- or 
1.25-mm-thick cerclage wire is then passed in a 
fi gure-of-eight way, adjacent to the inferior and 
superior poles and posterior to the parallel 
K-wires. The wire should be as close as possible 
to the bone throughout its whole course. A 
curved large bore needle or cannula can be help-
ful to pass the cerclage wires through the liga-
mentous structures (patellar and quadriceps 
tendons) and around the K-wires close to the 
bone (Fig.  1.5 ). The fi gure-of-eight wire must 
not lie on top of the quadriceps or patellar ten-
dons, because the tightening of the wire can 
result in necrosis of the underlying tendon 
(Fig.  1.6 ) [ 16 ].

    While tightening the cerclage with the knee in 
extension, the reduction is checked by palpating 
the retropatellar surface. After tightening the cer-
clage, the proximal pin ends will be bent, short-
ened, and turned toward the quadriceps tendon 
and driven into the patella to prevent soft tissue 
irritation and loosening. The distal pin ends are 
only trimmed, not bent, for easier removal. 

 In comminuted fractures, with many small 
fragments, the tension band technique must be 
combined with an additional circumferential cer-
clage around the fractured patella (Fig.  1.7 ). The 
placement of this cerclage should be the initial 
step of stabilization to avoid further displacement 
as tension band wiring is performed.  

1.7.3.2     Tension Banding plus Lag 
Screws 

 In transverse fractures, the two main fragments 
are often further fragmented in halves or thirds. 
The minor fragments are generally reduced and 
fi xed in order to end up with two main fragments 
that can be fi xed with the tension band technique. 
Tension band wiring is possible only if the two 
main fragments have been reconstructed by lag 
screws. After reduction of fragments and tempo-
rary fi xation by a pointed reduction forceps, 
3.5 mm cortex screws are implanted. After fi xa-
tion of the fragments, a tension band wire con-
struct can be performed. This type of construct 
can be challenging, as the interfragmentary screws 
may interfere with the Kirschner wire of the 

  Fig. 1.5    Passage of the cerclage at the inferior pole using 
a cannula       

  Fig. 1.6    The fi gure-of-eight wire correctly positioned       
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 tension band. To avoid this problem, the screws 
are placed close to the retropatellar surface, 
 leaving enough space for the K-wires. When the 
fragments are too small to be fi xed with a screw, 
1.6 mm K-wires can be used. 

 Patellar pole fractures are best stabilized by 
lag screws and an additional tension band wiring 
to neutralize bending forces. 

 Osteochondral fractures can be treated with a 
screw, a K-wire, or both (Fig.  1.8 ).

1.7.3.3         Partial and Total Patellectomy 
 With highly comminuted fractures involving a 
substantial amount of the patella, partial patel-
lectomy may be considered. Partial patellec-
tomy is preferred to total patellectomy, whenever 
possible, as it keeps the lever arm intact. Partial 
patellectomy is a technique primarily reserved 
for fractures of the extreme inferior and superior 
poles of the patella. Essentially, the bony frag-
ments are excised, and the quadriceps tendon or 

a

a

  Fig. 1.7    ( a ) A 
comminuted displaced 
patella fracture. 
( b ) Stabilization with 
a tension band wire 
combined with an 
additional 
circumferential cerclage       
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the patella ligament is advanced to the fracture 
bed. Repair can be performed with heavy 
braided suture passed through transosseous 
tunnels. 

 If the comminuted area is in the middle of the 
patella, an osteotomy can be done proximally and 
distally in order to remove the comminuted part. 
Reduction and fi xation are then performed, as in 
a transverse fracture can be done. 

 Currently, total patellectomy for the treatment 
of acute patellar fracture is generally not recom-
mended. Substantial weakness of the extensor 
mechanism has been demonstrated in total patel-
lectomy patients [ 17 ]. 

 In case of severe comminution or failed surgi-
cal repair, patellectomy may be the only way to 
manage the injury. All bony fragments and dam-
aged tissue are removed by sharp dissection 

a

b

  Fig. 1.8    ( a ) An 
osteochondral fracture 
of the superomedial 
corner of the patella. 
( b ) Stabilization of the 
fragment with a screw 
and a K-wire       
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 leaving as much extensor apparatus as possible. 
Tendinous reconstruction then follows. A gap of 
3–4 cm can be treated by direct suture. Shortening 
of the extensor apparatus is benefi cial as it 
increases the muscle preload. If a direct suture is 
impossible, an advancement of the vastus media-
lis obliquus to cover the longitudinal defect left 
after patellectomy has been advocated to promote 
healing and to preserve strength of the extensor 
mechanism [ 18 ].    

1.8     Postoperative Regimen 

 The stability of the fracture repair dictates the 
course of postoperative regimen and rehabilitation. 
With a stable fi xation early active range-of-motion 
exercises and partial to full weight bearing in 
hinged knee brace can be allowed. When the 
patient is walking, a knee brace locked in extension 
is recommended. This may reduce the force of the 
extensor mechanism across the repair. 

 Drains are removed on the fi rst or second post-
operative day, depending on the amount of wound 
drainage. Then the patient begins with isometric 
exercises and mobilization. Partial weight bear-
ing from 15 kg to half of the body weight for 6 
weeks and active assisted motion from full exten-
sion to 90° of fl exion are allowed, after wound 
healing. With radiographic evidence of fracture 
healing at 4–6 weeks, resistive exercises may be 
started. Gradual weaning off the brace should 
occur over the next 3–6 months, and return to 
sport or vigorous activities should not occur until 
rehabilitation is complete at 4–6 months. 

 In case of comminuted fractures with unstable 
fi xation, an immobilization using a long-leg cast 
or knee brace locked in extension is required. 
Active and passive fl exion exercises should be 
delayed until radiographic evidence of healing.  

1.9     Complications 

1.9.1     Disturbed Wound Healing 

 The optimal plane of tissue dissection lies 
between the subcutaneous fascia and the extensor 

apparatus. In order to preserve the blood supply 
to the skin and avoid necrosis of the wound mar-
gins, the subcutaneous tissue must not be sepa-
rated from the skin. Improper use of skin 
retractors can also result in such problems.  

1.9.2     Deep Infection 

 The rate of infection for patella fractures is low in 
most case series. The rate of infection of open 
patella fractures is 10.7 % [ 19 ]. 

 Postoperative wound infection should be 
 recognized and treated according to standard 
protocols. 

 Revision with debridement and irrigation is 
indicated every other day until wound healing is 
secured. Stable fi xation may be retained with an 
aggressive surgical debridement and the use of 
intravenous antibiotics. Areas of infected bone 
should undergo aggressive removal of all nonvi-
able tissue. With deep infection, long-term cul-
ture-specifi c antibiotic application (6 weeks) is 
recommended.  

1.9.3     Implant-Related Irritation 

 One major disadvantage of the tension wire 
technique is painful hardware. This problem is 
very common and is related to irritation of the 
capsule and tendons. Intraoperatively the surgeon 
should pay special attention to place prominent 
hardware into the bone and surrounding soft 
tissues to prevent painful implants.  

1.9.4     Implant Failure 

 With the use of early aggressive range-of-motion 
exercises, re-displacement of the fracture 
fragments can occur due to inadequate fi xation or 
postoperative immobilization. 

 Implant failure requires a revision only if the 
main fragments are displaced or the articular 
surface is showing incongruity. A common 
complication is proximal K-wire migration. To 
prevent this, the wire ends should be bent to a 
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loop and the tension band wire is then pulled 
through the two proximal loops holding the 
K-wires in stable position [ 20 ].  

1.9.5     Loss of Motion 

 Functional range of motion can usually be 
achieved with stable internal fi xation and early 
aggressive physical therapy. 

 In case of limited fl exion, intensive 
physiotherapy is indicated. Failure of conservative 
treatment is an indication for a controlled 
manipulation under anesthesia. If the range of 
motion does not improve with closed arthrolysis, 
an arthroscopic arthrolysis will be the next step, 
removing scar contractions from the upper recess. 
After the arthroscopic treatment aggressive phys-
ical therapy should be started.  

1.9.6     Posttraumatic Arthritis 

 Osteoarthritis with patellofemoral pain may be 
the late complication of a patella fracture. There 
are few reports regarding knee arthrosis after 
patella fracture [ 4 ,  21 ]. Radiographic signs of 
knee arthritis after patella fracture are evident in 
approximately 50 % of patients in a long-term 
follow-up.   

1.10     Results 

 Comparing the various outcome-based studies 
after a patellar fracture is diffi cult. Most studies 
demonstrated reliable healing after patella frac-
ture fi xation or reported subjective outcomes. 

 Two recent case series have been published. 
Le Brun et al. prospectively examined a series of 
40 patella fractures at 1 year of follow-up, show-
ing poor outcomes [ 22 ]. It has been shown that 
one-third of the patients with retained implants 
reported periodic implant irritation and more 
than 50 % of the patients required implant 
removal. Approximately 20 % of the patients had 
an extensor lag of at least 5°. A decreased exten-
sion strength was also noted. 

 In the second study, a clinical series of 50 
patella fractures were evaluated at 6 and 12 
months of follow-up and compared with 50 quad-
riceps or patellar tendon ruptures. At 12-month 
follow-up, there were no signifi cant differences 
between the two study groups with respect to 
knee range of motion, Tegner, radiographic 
arthritis, Lysholm, and SF-36 scores. In the 
patella fracture group, the thigh circumference 
was signifi cantly smaller [ 23 ]. 

 There are few reports regarding knee arthritis 
after patella fracture. Sorensen reported 10–30- 
year outcomes of 64 patients with patella fracture 
(22 patients treated operatively); approximately 
55 % of surgically treated and 69 % of nonopera-
tively treated patients were symptom free (no sig-
nifi cant difference) [ 21 ]. Radiographic changes 
consistent with patellofemoral arthrosis were 
noted in 45 of the 64 patients, and 21 patients 
were symptomatic. In another report of 40 patella 
fractures at 30-year follow-up, all patients 
showed reduction of the lateral patellofemoral 
joint space (more severe in the case of fracture 
gap or incongruity), consistent with arthrosis, but 
only 14 patients (35 %) had subjective complaints 
[ 24 ]. In a series of 40 patients treated with partial 
patellectomy for patella fracture, good-to-excel-
lent results were noted in 77.5 % of the patients 
(31 patients), and 52.5 % (21 patients) were noted 
to have patellofemoral arthrosis on plain radio-
graphs [ 25 ].     

   References 

     1.    Bostrom A (1972) Fracture of the patella: a study of 
422 patellar fractures. Acta Orthop Scand 143:1–80  

    2.    Springorum HP, Siewe J, Dargel J, Schiffer G, 
Michael JW, Eysel P (2011) Classifi cation and treat-
ment of patella fractures. Orthopade 40(10):877–880  

    3.    Court-Brown CM, Caesar B (2006) Epidemiology of 
adult fractures: a review. Injury 37(8):691–697  

     4.    Nummi J (1971) Fracture of the patella: a clinical 
study of 707 patellar fractures. Ann Chir Gynaecol 
Fenn 179:1–85  

    5.    Nummi J (1971) Operative treatment of patellar frac-
tures. Acta Orthop Scand 42:437–438  

    6.    Zionts LE (2002) Fractures around the knee in chil-
dren. J Am Acad Orthop Surg 10(5):345–355, Review  

    7.    Scilaris TA, Grantham JL, Prayson MJ, Marshall MP, 
Hamilton JJ, Williams JL (1998) Biomechanical 

1 Patellar Fractures



12

 comparison of fi xation methods in transverse patella 
fractures. J Orthop Trauma 12:356–359  

     8.    Muller M, Allgower M, Schneider R, Willenegger H 
(1991) Manual of internal fi xation: techniques recom-
mended by the AO-ASIF group, 3rd edn. Springer, 
Berlin  

    9.    Helfet DL, Haas NP, Schatzker J, Matter P, Moser R, 
Hanson B (2003) AO philosophy and principles of 
fracture management-its evolution and evaluation. 
J Bone Joint Surg Am Vol 85(6):1156–1160  

    10.    Nord RM, Quach T, Walsh M, Pereira D, Tejwani NC 
(2009) Detection of traumatic arthrotomy of the knee 
using the saline solution load test. J Bone Joint Surg 
Am 91(1):66–70  

    11.    Insall J, Salvati E (1971) Patella position in the nor-
mal knee joint. Radiology 101(1):101–104  

      12.   Fracture and Dislocation Classifi cation Compendium 
at   http://www.ota.org/compendium/compendium.html      

    13.    Bucholz RW, Heckman JD, Court-Brown C et al (eds) 
(2006) Rockwood and Green’s fractures in adults, 6th 
edn. Lippincott Williams & Wilkins, Philadelphia  

     14.    Insall JN, Scott WN (2006) Surgery of the knee, vol 2, 
4th edn. Churchill Livingstone, New York  

      15.    Melvin JS, Mehta S (2011) Patella fractures in adults. 
J Am Acad Orthop Surg 19(4):198–207  

    16.    Della Rocca GJ (2013) Displaced patella fractures. 
J Knee Surg 26(5):293–299. doi:  10.1055/s-0033-1353988    , 
Epub 2013 Aug 21  

    17.    Lennox IA, Cobb AG, Knowles J, Bentley G (1994) 
Knee function after patellectomy. A 12- to 48- year 
follow up. J Bone Joint Surg Br 76(3):485–487  

    18.    Günal I, Taymaz A, Köse N, Göktürk E, Seber S (1997) 
Patellectomy with vastus medialis obliquus advance-
ment for comminuted patellar fractures: a prospective 
randomised trial. J Bone Joint Surg Br 79(1):13–16  

    19.    Torchia ME, Lewallen DG (1996) Open fractures of 
the patella. J Orthop Trauma 10:403–409  

    20.    Us AK, Kinik H (1966) Self locking tension band 
technique in transverse patellar fractures. Int Orthop 
20:357–358  

     21.    Sorensen KH (1964) The late prognosis after fracture 
of the patella. Acta Orthop Scand 34:198–212  

    22.    LeBrun CT, Langford JR, Sagi HC (2012) Functional 
outcomes after operatively treated patella fractures. 
J Orthop Trauma 26(7):422–426  

    23.    Tejwani NC, Lekic N, Bechtel C, Montero N, Egol KA 
(2012) Outcomes after knee joint extensor  mechanism 
disruptions: is better to fracture the patella or rupture 
the tendon? J Orthop Trauma 26(11):648–651  

    24.    Edwards B, Johnell O, Redlund-Johnell I (1989) 
Patellar fractures. A 30-year follow-up. Acta Orthop 
Scand 60(6):712–714  

    25.    Saltzman CL, Goulet JA, McClellan RT, Schneider 
LA, Matthews LS (1990) Results of treatment of dis-
placed patellar fractures by partial patellectomy. 
J Bone Joint Surg Am 72(9):1279–1285      

S. Zaffagnini et al.

http://www.ota.org/compendium/compendium.html
http://dx.doi.org/10.1055/s-0033-1353988


13© Springer International Publishing Switzerland 2016 
F. Castoldi, D.E. Bonasia (eds.), Fractures Around the Knee, Fracture Management Joint by Joint, 
DOI 10.1007/978-3-319-28806-2_2

      Tibial Eminence Fractures                     
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    Abstract  

  Tibial intercondylar eminence fractures are relatively rare and occur with 
an estimated incidence of 3 in 100,000 people every year. These injuries 
are much less common than intrasubstance tears of the anterior cruciate 
ligament (ACL), especially in adults. Tibial spine fractures represent a dif-
fi cult problem but are important to recognize and manage appropri-
ately. This chapter discusses non-operative and operative management of 
these injuries, as well as patient outcomes and potential complications of 
treatment. Surgical technique, using open and arthroscopic methods with 
both screw and suture fi xation, is also described.  

2.1       Epidemiology 

 Tibial intercondylar eminence fractures were fi rst 
described by A. Poncet in 1875. He described 
them quite accurately as “a tearing off of the spine 
of the tibia by the anterior cruciate ligament” [ 1 ]. 
Also referred to as tibial spine fractures, these are 
relatively rare injuries and occur with an esti-
mated incidence of 3 in 100,000 people every 
year [ 2 ,  3 ]. Most commonly, these fractures hap-
pen in skeletally immature individuals between 
the ages of 8 and 14 years, but can occur at any 
age [ 4 – 7 ]. These injuries are much less common 
than intrasubstance tears of the anterior cruciate 
ligament (ACL), especially in adults. Furthermore, 
studies have shown that up to 40 % are associated 
with concomitant injuries to the meniscus, collat-

erals, and retinacular or articular cartilage [ 8 – 10 ]. 
Tibial spine fractures represent a diffi cult prob-
lem, as most orthopedic surgeons and sports med-
icine physician specialists have infrequent 
experience with these injuries. They are impor-
tant to recognize and manage appropriately due to 
the possible detrimental functional outcomes if 
left untreated in a displaced position.  

2.2     Traumatic Mechanism 

 Tibial eminence fractures traditionally occur with 
higher-energy mechanisms such as cycling or ski-
ing accidents, motor vehicle collisions, or contact 
sports including football, soccer, or rugby [ 11 – 14 ]. 
Most patients describe falling on a bent knee caus-
ing an internal twisting moment of the tibia on the 
femur, similar to the moment force required to cause 
an ACL tear [ 5 ,  15 ]. This condition is most common 
in the skeletally immature population because the 
tibial eminence is not completely ossifi ed. Energy is 
transferred through the knee, and failure occurs 
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through the cartilage rather than rupturing the tough 
ligamentous structures [ 10 ]. Although many of 
these fractures occur without concomitant ACL 
rupture, the amount of force transferred through the 
ACL can cause attenuation of the ligament and ulti-
mately lead to clinical instability [ 16 ,  17 ]. 

 It is important to understand the anatomy and 
biomechanics of the knee when managing emi-
nence fractures. The tibial spine is critical in the 
biomechanical functioning of the ACL. The ACL 
begins 10–14 mm behind the anterior border of 
the tibia and extends to the medial and lateral 
tibial eminence [ 10 ]. The ACL, as well as the 
ligamentous attachments of the medial and lateral 
menisci, inserts separately on the tibial eminence. 
Thus, a fracture through the tibial spine can effec-
tively act like an ACL rupture. The blood supply 
travels through the ACL from the middle genicu-
late artery and is not normally disrupted. 
Accordingly, osteonecrosis of the fracture frag-
ment is not typically seen with these injuries [ 10 ].  

2.3     Clinical Examination 

 The classic patient with a tibial eminence fracture 
presents with a high-energy mechanism, signifi -
cant pain, clinical signs of instability, and an 
acute hemarthrosis. They are unable to bear 
weight and tend to hold their knee in fl exion. Pain 
and joint swelling, rather than impingement of the 
avulsed piece, typically impede extension of the 
knee. The fracture fragment generally lies below 
the hollow of the intercondylar notch and does 
not interfere with motion; however, if it is signifi -
cantly displaced, it can cause impingement. 

 It is important to obtain a detailed and complete 
history and physical exam upon presentation. 
Evaluation of the patient’s neurovascular status and 
a thorough musculoskeletal examination of the 
knee are essential to assess the extent of injury. 
Importantly, associated ligamentous laxity, i.e., 
ACL, MCL, and PLC injuries, and possible bony or 
meniscal injuries about the knee must be specifi -
cally considered. The Lachman test, the anterior 
drawer, and the pivot shift examination are helpful 
in the assessment of the integrity of the 
ACL. However, in the acute swollen knee, pivot 
shift and anterior drawer testing are painful, and 

therefore the Lachman test is preferred. The poste-
rior drawer and sag sign can be useful in identifying 
PCL injuries. Palpation of the joint lines and varus/
valgus stressing are important to rule out any other 
associated injuries to the knee. These tests are often 
diffi cult to perform in the acutely injured knee, but 
can be gently achieved for a complete exam.  

2.4     Imaging and Preoperative 
Workup 

 For any patient with a suspected knee injury, AP 
and lateral plain fi lms of the knee must fi rst be 
obtained. These will be helpful in most cases to 
identify a fracture of the tibial eminence as well as 
rule out other bony abnormalities. It is important 
not to confuse fractures of the spine with fractures 
of the femoral condyles or inferior pole of the 
patella. If there is any uncertainty, especially with 
the skeletally immature patient, it is prudent to 
obtain contralateral knee fi lms. Griffi th et al. dem-
onstrated that all tibial avulsion fractures are vis-
ible on X-ray, but advanced imaging is warranted 
at times to better characterize the fracture and pro-
vide useful information for preoperative planning 
[ 18 ]. A CT scan or MRI is not absolutely neces-
sary but can sometimes provide details to improve 
decision-making and treatment plans (Fig.  2.1 ).

   CT scan better clarifi es the bony details includ-
ing the amount of comminution, displacement, 
orientation, size, and shape as well as the extent 
of involvement of the tibial spine. This informa-
tion can be helpful in deciding which treatment 
options to pursue. For example, a CT may pro-
vide the surgeon with details about whether or not 
the fracture fragment is large enough to be ame-
nable to screw versus suture fi xation. MRI imag-
ing can improve the preoperative assessment of 
concomitant injuries in the knee, including 
meniscal, cartilage, and ligamentous damage, 
including intrasubstance ACL injury. This 
advanced information can dictate surgical plans, 
including the decision to perform ACL recon-
struction versus fracture fi xation. Additionally, it 
can detect physeal injuries in children that may 
otherwise be missed. Rehabilitation and ACL 
graft choices may also be affected by appreciat-
ing the complete injury on the MRI (Fig.  2.2 ).
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  Fig. 2.1    AP and lateral radiographs of a displaced tibial eminence fracture       

  Fig. 2.2    Select MRI images of a tibial eminence fracture       
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2.5        Classifi cation 

 The classifi cation of tibial eminence fractures is 
attributed to Dr. Marvin Meyers and Dr. Francis 
McKeever in 1959. The Meyers and McKeever 
classifi cation system was relatively simple and 
based on the amount of bony displacement from 
the tibia seen on a lateral X-ray of the knee [ 11 ]. 
Initially, three types of tibial spine fractures were 
described: Type I is defi ned as a nondisplaced or 
minimally displaced fracture with excellent bony 
apposition. Type II has greater displacement than 
type I, with the anterior half of the fragment 
avulsed from the bone. Type III has no bony attach-
ment to the tibia and is essentially a complete avul-
sion of the tibial eminence. Zaricznyj added a 
fourth type of fracture to the classifi cation system 
in 1977. Type IV describes a comminuted tibial 
spine fragment [ 19 ]. Since the original description 
by Meyers and McKeever, type III fractures have 
also been subcategorized based on the extent of the 
ACL footprint involvement. Lubowitz et al. 
described type IIIA tibial spine fracture as involv-
ing the ACL insertion only. Type IIIB includes the 
entire intercondylar eminence rather than just the 
ACL insertion [ 5 ] (Fig.  2.3 ; Table  2.1 ).

2.6         Indications 

 The characteristics and classifi cation of tibial 
eminence fractures are important in choosing an 
appropriate treatment. The goals of treatment are 
to restore the integrity of the tibial plateau, 
increase stability and ACL function, eliminate 
any mechanical blocks caused by the injury, and 
ultimately improve functional capacity for the 
patient to pre-injury levels. 

2.6.1     Nondisplaced Fractures 

 Nonoperative management can usually only be 
reserved for type I or II fractures. If tibial spine 
fragments are minimally displaced or nondis-
placed, the associated hemarthrosis should be 
aspirated in the acute setting and the knee should 
be immobilized for a period of time, usually 4–8 
weeks. The patient is traditionally placed into a 

long leg cast or knee immobilizer in full 
extension. 

  However, there is some controversy around the 
optimal degree of fl exion for immobilization. Beaty 
and Kumar have endorsed 10–15° as an ideal posi-
tion of immobilization [ 20 ]. Meyers and McKeever 
as well as Willis et al. have recommended 20° [ 11 , 
 21 ]. Fyfe and Jackson proposed that since the ACL 
is tight in extension, 30–50° of fl exion is optimal to 
reduce tension on the avulsed fragment [ 22 ]. 
Immobilization in hyperextension should be 
avoided as it can place unnecessary tension on the 
popliteal vessels putting the patient at risk of vascu-
lar disruption and/or compartment syndrome. 
Furthermore, subjective discomfort is intensifi ed 
when a patient is casted in hyperextension. 

 Overall, the most important element of con-
servative management is anatomic or near ana-
tomic reduction of the tibial eminence. Even 
though the ACL is tight in extension, the frag-
ment best reduces in extension, not in fl exion. 
Radiographs should be taken or fl uoroscopy used 
to ensure acceptable alignment, which is gener-
ally defi ned as <3 mm of superior displacement 
on the lateral X-ray. Anatomic reduction of the 
tibial spine generally occurs in full extension; 
thus, the preferred method of the author is to 
immobilize patients in full extension. 

 Patients being treated with cast immobiliza-
tion should be closely monitored with radio-
graphs and clinical examination weekly or 
biweekly. Duration of immobilization should be 
governed by the evidence of radiographic union 
as well as patient’s age and compliance with 
treatment. Children usually require 4–6 weeks of 
immobilization, while skeletally mature individ-
uals require slightly longer, usually 6–8 weeks. 

 Patients should remain nonweightbearing on 
the affected extremity throughout the course of 
immobilization. Our recommendation is to begin 
weightbearing with active and passive knee range 
of motion after radiographic signs of bone heal-
ing are seen. Generally, patients will achieve pre- 
injury range of motion and activity levels 
approximately 3–4 months after the injury. 

 Nonoperative treatment of type II tibial emi-
nence fractures is another point of controversy in 
the literature. There is debate surrounding whether 
or not attempt at closed reduction is  useful in this 

J. Hanley and A. Amendola



17

I II

IIIA IIIB

  Fig. 2.3    The modifi ed Meyers and McKeever classifi cation system (Adapted from Lubowitz et al. [ 5 ])       

   Table 2.1    The modifi ed Meyers and McKeever classifi cation system   

 Type I  Type II  Type III  Type IV 

 ♦ Good bone apposition  
 ♦ Slight elevation of the 
anterior margin of the 
tibia 

 ♦  Greater displacement 
of fragment than type I  

 ♦  Anterior 1/3 to 1/2 of 
fragment is elevated 
from the bone  

 ♦  Beaklike appearance 
on the lateral X-ray 

 ♦  Complete avulsion of the 
fracture fragment  

 ♦  No bony apposition between 
the tibia and fragment  

 ♦  Fragment may be rotated  
   ► IIIA : avulsion of ACL 

insertion only 
   ► IIIB : avulsion of the entire 

tibial spine 

 ♦  Signifi cant 
comminution of the 
fracture fragment  

 ♦  Complete avulsion 
injury  

 ♦  No bony apposition 
of the fragment and 
tibia 
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population. Closed reduction is generally diffi cult 
and forced hyperextension can displace the frag-
ment further. Often there is a physical block to 
reduction, making closed reduction diffi cult. 
Most commonly, the anterior horn of the medial 
meniscus becomes incarcerated in between the 
bone ends, preventing anatomic reduction. The 
lateral meniscus and intermeniscal ligament have 
also been reported to become interposed in the 
fracture. Kocher et al. reported that 26 out of 49 
(53 %) skeletally immature patients with type II 
fractures have soft tissue interposition noted on 
arthroscopic investigation [ 9 ].  

2.6.2     Displaced Fractures 

 Type III and IV fractures, as well as Type II frac-
tures that fail closed reduction, are usually treated 
operatively unless the patient’s condition pre-
cludes the possibility of operative intervention 
[ 19 ,  23 ,  24 ]. Historically, open arthrotomy and 
fi xation was the treatment method of choice. 
Although more technically challenging, 
arthroscopic and minimally invasive techniques 
have become increasingly popular. Arthroscopic- 
assisted reduction of tibial eminence fractures 
was fi rst described in 1982 by McLennan [ 25 ]. 
Although arthroscopy is generally preferred, the 
literature does not necessarily support the superi-
ority of one technique over another. It is recom-
mended that the surgeon approach the tibial 
eminence fracture by whichever method is more 
comfortable and familiar. Surgical technique will 
be discussed later in this chapter. 

 The ACL commonly remains intact with a 
tibial eminence fracture; however sometimes 
structural damage and laxity are seen. Instability 
is generally not a clinical concern for patients 
even if there is ligamentous damage or attenua-
tion at the time of injury. 74 % of children at 
long-term follow-up had ligamentous laxity on 
KT-100 testing but no subjective complaints of 
instability [ 21 ]. There is debate regarding the 
necessity of ACL reconstruction and/or repair of 
other possibly damaged structures in the knee. 
ACL reconstruction is only recommended if 
symptomatic laxity and instability exists after 
healing of the tibial eminence [ 5 ,  10 ,  26 ,  27 ].   

2.7     Surgical Technique 

2.7.1     Anesthesia 

 Epidural, spinal, and general anesthesia are all 
acceptable methods of anesthesia during opera-
tive fi xation of a tibial eminence fracture. The 
preferred method of the author is general anes-
thesia in children and a regional block combined 
general anesthetic in adults.  

2.7.2     Patient Positioning 

 The patient should be positioned depending on the 
surgeon’s preference and planned surgical approach. 

 Arthroscopic techniques are generally preferred 
and performed supine with the leg in arthroscopic 
leg holder with the end of the bed fl exed or 
extended. The contralateral extremity is abducted 
away from the fi eld to allow for a fl uoroscopy 
machine to be utilized intraoperatively. A non-ster-
ile tourniquet should be placed but not infl ated 
unless absolutely necessary. Open approaches can 
be utilized and are often completed with the patient 
supine, allowing excellent visualization and manip-
ulation of the leg. Open surgery for eminence frac-
ture fi xation is required in cases with open reduction 
of more extensive tibial plateau fractures or in open 
multi-ligament knee surgery where an eminence 
fracture is only part of the picture. These will not be 
discussed as part of this chapter.  

2.7.3     Recommended Surgical 
Approach: Arthroscopic 
Reduction and Internal 
Fixation 

2.7.3.1     Arthroscopic Reduction 
and Screw Fixation 

 Anteromedial and anterolateral standard portals can 
be made for visualization and diagnostic arthros-
copy. An arthroscopic inspection of the entire knee 
should be performed prior to any fi xation to look 
for other injuries to the cartilage or ligaments about 
the knee. The fracture should be freed from any 
obvious soft tissue interposition and debrided as is 
standard protocol in fi xation of any fracture. Any 
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meniscal interposition (usually the anterior horn of 
the medial meniscus) can be moved out of the way 
with a probe to allow the anterior extent of the frac-
ture to reduce. Adequate and anatomic reduction is 
imperative for an excellent outcome. Fracture 
reduction can and should be performed under direct 
visualization. The fracture, if a large single frag-
ment, can be manipulated with a probe, grasper, or 
elevator into the reduced position. Once the fracture 
is reducible and the decision for screw fi xation has 
been made, a third anterior mid-medial patellar por-
tal can be made. With the scope in the lateral portal, 
and the fracture held reduced through the medial 
portal, a temporary K-wire or guide wire for a 3.5 
or 4 mm screw can be inserted from the mid-medial 
patellar portal. Fluoroscopy can be utilized to con-
fi rm reduction and fi xation. 

 Once the fracture has been adequately 
reduced, a cannulated drill and one or two screws 
can be inserted through the mid-medial patellar 
portal screw. With screw fi xation, the fracture 

fragment should be at least three times the size of 
the screw diameter to prevent disruption of the 
fragment [ 28 ]. Alternatively, suture fi xation may 
be utilized depending on the fracture pattern and 
surgeon preference. Screw fi xation has limited 
utility in the comminuted type IV fracture where 
adequate bony purchase may be challenging 
(Figs.  2.4  and  2.5 ).

2.7.3.2         Arthroscopic Reduction 
and Suture Fixation 

 If the fracture fragment is small or fragmented 
and the ACL is in good structural condition, 
repair is still indicated versus ACL reconstruc-
tion or augmentation. Suture fi xation techniques 
can be advantageous in these situations, and the 
technique has been described with several varia-
tions over the years [ 8 ,  27 ,  29 – 33 ]. For suture 
repair, an ACL drill guide, 2.4 mm smooth guide 
wires, an arthroscopic suturing device, and a 
suture passing device are required. 

  Fig. 2.4    Screw fi xation of a tibial eminence fracture       

  Fig. 2.5    Fluoro spots of screw fi xation of a tibial eminence fracture       
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 With the fragment reduced or reducible (a 
K-wire can be used to hold the fragment in place 
while inserting sutures as in the technique above), 
through the medial portal, insert the ACL guide 
and drill 2 x 2.4 guide wires just anterior to the 
fragment(s). Remove one guide wire and insert a 
suture passer through this 2.4 drill hole into the 
joint. 

 Through the medial portal, grasp the base of 
the ACL tissue with nonabsorbable suture and 
pull the suture through the bone tunnel with the 
suture passer. Repeat the same routine with the 
other guide wire tunnel. The second suture can be 
placed from the lateral portal and exchange the 
arthroscope into the medial portal for viewing. 

 These two sutures can be tied over a bone 
bridge anteriorly on the tibia or over a button if 
desired. Direct visualization of the ACL being 
cinched down into its base when tying the sutures 
confi rms reduction and tensioning. Additional 
sutures can be placed if necessary for additional 
fi xation.  

2.7.3.3     Screw Versus Suture Fixation 
 Biomechanical studies have looked at the strength 
of fi xation with sutures and screws in direct com-
parison. Bong et al. and Eggers et al. have sug-
gested that suture fi xation has greater fi xation 
strength during cyclic loading when compared 
with screw fi xation [ 34 ,  35 ]. Both studies sug-
gested that fi berwire had the highest ultimate bio-
mechanical strength and load to failure when 
compared to screw fi xation. Eggers et al. also 
suggest that adding a second screw to a screw 
construct does not improve fi xation strength [ 35 ]. 

 Tsukada et al. suggest antegrade screw fi xa-
tion is slightly superior in resisting cyclic load-
ing forces when compared to retrograde screw 
or suture fi xation [ 36 ]. Mahar et al. show no 
superiority of suture versus screw fi xation and 
suggest that both are acceptable methods of fi xa-
tion [ 37 ]. Overall, cadaveric studies seem to 
suggest that there is limited, if any, superiority 
of either method of fi xation. Functional out-
comes also appear to be equivalent [ 26 ]. 
Nevertheless, it is worth noting that screw fi xa-
tion has a higher rate of reoperation for removal 
of prominent and irritating hardware. It is most 
important that the surgeon be comfortable with 
arthroscopic technique so that stable fi xation can 
be achieved (Fig.  2.6 ).

2.7.4         Open Reduction Internal 
Fixation 

 For an open approach, an incision is made just 
medial to the midline from the distal pole of the 
patella down toward the tuberosity. An arthrot-
omy just medial to the patellar tendon is per-
formed after careful soft tissue dissection. The 
patellar tendon and patella are retracted laterally 
to expose the fat pad. Portions of the fat pad may 
be excised to improve visibility of the tibial pla-
teau and eminence. Care must be taken to inspect 
and protect the menisci and intermeniscal liga-
ment. These may be damaged or interposed in the 
fracture site. Identifi cation of injury or incarcera-
tion is imperative to allow anatomic reduction. 
Fixation techniques can be the same as the 

  Fig. 2.6    Arthroscopic reduction of tibial eminence fracture       
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arthroscopic with either screw fi xation or suture 
repair through small drill holes.   

2.8     Postoperative Regimen 

 Regardless of the method of fi xation—open or 
arthroscopic with suture or screw fi xation—it is 
of utmost importance to initiate early range of 
motion after surgery. Patients with surgical fi xa-
tion of their tibial spine are at high risk of 
 developing limitations of knee motion. Patients 
are hesitant to aggressively range their knee 
through a complete cycle because of pain and fear 
of reinjury. If extensive scar forms due to inade-
quate rehabilitation, these patients may have per-
manent fl exion deformities or require additional 
surgeries for arthrofi brosis [ 30 ,  38 ,  39 ]. 

 Weightbearing status and immobilization are 
largely based on the nature of the fracture and 
fracture type, as well as the quality of fi xation 
and patient compliance. These are diffi cult vari-
ables to control so postoperative regimen must be 
individualized. Type I fractures managed nonop-
eratively are generally treated with cast immobi-
lization and nonweightbearing for 4 weeks in 
children and 6 weeks in adults. After this, gentle 
range of motion and protected weightbearing are 
begun. Patients with operatively fi xed fractures 
are generally placed into a knee immobilizer or 
cast locked in extension for 2 weeks, and range of 
motion is initiated early to prevent stiffness in the 
knee. Depending on the type and stability of fi xa-
tion, weightbearing status may differ. However, 
most patients remain nonweightbearing for the 
fi rst 2 weeks after surgery and are slowly transi-
tioned to weightbearing as tolerated.  

2.9     Complications 

 Although rare, complications can occur after tib-
ial spine fracture fi xation and are worth discuss-
ing. Loss of fi xation and hardware irritation are 
signifi cant problems after operative intervention. 
Loss of fi xation may result in malunion or non-
union. Patients with this complication experience 
residual pain, laxity and instability in the knee, 

impaired range of motion, and impingement. 
Both malunion and nonunion are uncommon but 
can be devastating. Signifi cant malunion can 
result in impingement in terminal extension lead-
ing to loss of 5–10° of extension, accompanied 
by anterior knee pain. Repeat surgery may have a 
chance of salvaging such complications. In minor 
cases, surgical debridement may be adequate 
[ 40 – 42 ]. In major malunions or nonunions, revi-
sion fi xation and reduction with or without bone 
grafting may be necessary [ 43 ,  44 ]. 

 Fixation failure may also lead to chondral 
damage from hardware irritation. These compli-
cations are avoidable if proper technique is uti-
lized. Limiting fi xation to one or two screws that 
are no more than 4 mm diameter can decrease 
hardware complications. Countersinking screws 
or using headless screws is also advised in order 
to avoid prominent hardware. For comminuted 
fractures, suture fi xation is recommended as loss 
of fi xation can occur without adequate bone stock 
and screw purchase. Notably, a higher reopera-
tion rate has been noted with screw fi xation than 
with suture fi xation [ 4 ]. 

 ACL laxity or knee instability is also a possi-
ble complication after repair of a tibial spine frac-
ture. Many patients, including up to 74 % of 
children, have objective laxity but do not report 
subjective instability [ 16 ]. This laxity is gener-
ally treated nonoperatively unless it becomes 
symptomatic. If symptomatic, the patient may 
elect to undergo surgical reconstruction of the 
ACL [ 5 ,  10 ,  26 ,  27 ]. 

 Knee stiffness is another complication of both 
operative and nonoperative management. Up to 60 
% of patients with a tibial spine fracture may expe-
rience knee stiffness, usually resulting in a loss of 
approximately 5–10° of terminal extension. This 
can be avoided with anatomic reduction and 
appropriate initiation of range of motion protocols 
and encouraging patient participation in rehabili-
tation efforts [ 30 ,  38 ,  39 ]. Malreduction causing 
loss of extension has been mentioned above. 
Arthrofi brosis is a rare but severe form of knee 
stiffness that can also occur after a tibial spine 
injury or operative fi xation of these fractures. It is 
poorly understood but thought to be related to a 
genetic disposition for hypertrophic scar forma-
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tion. Such aggressive infl ammation causes intra-
articular scar formation and loss of both fl exion 
and extension. Patients within 3 months of surgery 
can be considered for postoperative joint manipu-
lation to gain additional degrees of fl exion. 

 Growth disruption in skeletally immature 
individuals is a potential complication, but with 
small drill holes and avoiding fi xation across the 
physis, it is very uncommon [ 33 ,  45 ,  46 ].  

2.10     Results and Outcomes 

 Tibial eminence fractures are relatively uncom-
mon, and because of this, the literature and our 
knowledge about patient outcomes are limited. 
Most published case studies have low numbers 
and do not discriminate between adult and pediat-
ric patients. A patient’s outcome after tibial emi-
nence fracture depends on many factors: degree of 
initial injury, operative versus nonoperative man-
agement, timing of treatment, type of fi xation, 
rehabilitation protocols, and patient compliance. 

 Most patients do well after tibial eminence 
fractures if they are treated appropriately. Overall, 
the literature demonstrates signifi cantly less lax-
ity and loss of range of motion in patients with 
type I and II fractures than those with completely 
displaced fractures. As previously mentioned, 
nonoperative management has a role in the treat-
ment of nondisplaced or minimally displaced 
fractures. Good results have been reported with 
regard to range of motion, stability, bony union, 
residual pain, and return to sport in these situa-
tions [ 13 ]. Subjective measures such as the IKDC 
scores, Lysholm scores, and Tegner scores are 
generally favorable [ 15 ,  26 ]. It appears that objec-
tive outcomes are improved with early motion 
and mobilization after treatment [ 28 ,  39 ,  40 ]. 

 Several papers have reported poor results for 
type III fractures treated nonoperatively [ 47 – 49 ]. 
A retrospective case study of 61 pediatric patients 
found a direct correlation between fracture dis-
placement and knee laxity [ 26 ]. Thus, most dis-
placed fractures undergo arthroscopic reduction 
internal fi xation (ARIF) or open reduction inter-
nal fi xation (ORIF). A recent meta-analysis 
reviewed a total of 308 knees from 16 different 

studies and demonstrates the superiority of oper-
ative fi xation in displaced tibial eminence frac-
tures. Even though return to sport was similar 
between the nonoperative and operative groups, 
pooled analysis of displaced tibial eminence 
 fractures revealed that nonoperatively treated 
patients more often report subjective instability. 
Additionally, this study revealed that 70 % of 
patients treated nonoperatively experience poor 
objective outcomes (KT-1000, Lachman, etc.), in 
stark comparison to the 14 % of patients who 
underwent surgical intervention. ACL recon-
struction was ten times more common in the non-
operatively treated patients [ 4 ]. 

 With regard to the method of operative fi xa-
tion, there is insuffi cient evidence to conclude the 
superiority of open versus arthroscopic fi xation 
[ 50 ]. Watts et al. retrospectively reviewed patients 
under 18 years and found that an open approach 
was not an independent risk factor of arthrofi bro-
sis [ 51 ]. No comment on the standard of care can 
be made, as both ORIF and ARIF are acceptable 
treatments for displaced tibial eminence frac-
tures. However, arthroscopic techniques are 
growing in popularity and less invasive tech-
niques are generally preferred. 

 When comparing suture and screw fi xation, 
both methods appeared effective in restoring a 
patient’s subjective feeling of knee stability. It is 
recommended that comminuted type IV fractures 
be treated with suture fi xation, as bone stock is usu-
ally inadequate to achieve satisfactory screw pur-
chase. As previously mentioned, biomechanical 
studies have not supported a clearly superior tech-
nique of fi xation [ 34 – 37 ]. Seon et al. compared 
suture and screw fi xation in type II and III fractures 
without functional differences [ 52 ]. Additionally, 
the incidence of subsequent ACL reconstruction is 
similar between the two methods of fi xation [ 4 ]. 
Repeat surgery for hardware removal has been 
shown to have a higher incidence in patients treated 
with screw fi xation, with 65 % of patients electing 
to undergo additional procedures [ 4 ]. 

 As previously mentioned, very few patients 
struggle with nonunion or delayed unions regard-
less of treatment but are most common in dis-
placed fractures treated with casting. There are 
few case reports in the literature describing ACL 
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reconstruction, revision debridement, or fi xation 
for the symptomatic patient with a nonunion or 
delayed union [ 40 – 42 ]. In nonunion or delayed 
union fractures of the anterior tibial spine, screw 
fi xation is recommended over suture fi xation [ 43 ]. 
Malunions can occur if reduction is unacceptable 
or if initial fi xation is inadequate. These are rare 
but may result in fl exion contractures requiring 
revision surgery [ 53 ]. There are very few reported 
cases of late complications such as growth arrest 
or hardware failure in the literature. Physeal-
sparing techniques decrease the risk of growth 
arrest and ensuring adequate fi xation intraopera-
tively will keep these complications to a mini-
mum, ultimately improving patient outcomes.     
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      Management of Distal Femoral 
Fractures (Extra-articular)                     

     Seth     R.     Yarboro       and     Robert     F.     Ostrum    

    Abstract  

  Extra-articular distal femur fractures are challenging orthopedic injuries 
that occur less commonly than proximal and diaphyseal femur fractures. 
As implant design and technology improve, the rate of fracture healing 
and complication rate have both improved. Currently, these injuries are 
most commonly treated with lateral locking plates or intramedullary nail 
fi xation, but have yet to show uniformly good results. Considerations to 
direct the appropriate implant choice include degree of comminution, dis-
tance above the joint line, and intra-articular extension. Complications of 
distal femur fi xation include nonunion, implant failure, and malalignment. 
These complications may have severe impact on functional and radio-
graphic outcomes, and strategies to achieve appropriate alignment and 
fi xation of femur fractures must be carefully considered to achieve optimal 
results.  

3.1       Epidemiology 

 Like many traumatic fractures, distal femur 
 fractures occur in a bimodal distribution, with 
high-energy injuries seen in young patients and 
low-energy injuries in osteoporotic elderly 
patients. These fractures represent less than 1 % 

of all fractures and are less common than femoral 
shaft and proximal femur fractures, making up 
only about 5 % of femur fractures [ 1 ]. Five to ten 
percent of distal femur fractures have been 
reported to be open fractures [ 2 ], though other 
studies have demonstrated higher rates [ 2 ,  13 ].  

3.2     Traumatic Mechanism 

 Mechanism of injury may involve axial loading, 
bending forces, rotation, or any combination 
therein. The fracture pattern may refl ect the mech-
anism of injury (i.e., spiral fracture in  setting of 
rotational injury or comminution in  high-energy 
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axial loading). High-energy mechanisms also 
result in a relatively large degree of soft tissue 
stripping from the bone and may ultimately result 
in open fractures. The open wounds associated 
with fractures are typically anterior and involve 
injury to the quadriceps tendon to a variable 
degree. The high-energy injuries are commonly 
reported to occur through motor vehicle or motor-
cycle crash, whereas the low-energy injuries often 
result from a fall from standing height.  

3.3     Clinical Examination 

 Clinical exam begins with advanced trauma life 
support (ATLS) protocol, especially for higher-
energy mechanism of injury. Limb-specifi c evalua-
tion fi rst involves the neurovascular exam to detail 
perfusion or nerve compromise. The skin must also 
be inspected for evidence of open fracture. The 
resting position of the lower extremity is examined 
for gross deformity, and the hip, thigh, and knee are 
evaluated for instability. Swelling and bruising are 
often seen at the level of injury. Compartment syn-
drome must be considered and ruled out at the time 
of initial exam. Ligamentous examination of the 
knee may be diffi cult due to proximity of the femur 
fracture, but should be considered.  

3.4     Imaging and Preoperative 
Workup 

 Plain radiographs with orthogonal views of the 
entire length of the femur must be obtained to 
fully evaluate the distal femur fracture and to rule 
out ipsilateral femur fractures at other levels. The 
distance from the joint is measured, as this is 
important when considering implant choice. 

 CT scan is helpful to evaluate comminution, 
intercondylar extension (covered in the intra- 
articular distal femur chapter), and coronal plane 
fractures (Hoffa fracture). 

 Any concern for vascular injury would be an 
indication to obtain an ankle-brachial index 
(ABI). Any patient with a suspected vascular 
injury and ABI less than 0.9 should be evaluated 
by vascular surgery and have lower extremity 
angiography performed.  

3.5     Classifi cation 

 For practical purposes, many orthopedists use a 
descriptive classifi cation of distal femur fracture 
patterns. However, the AO/OTA classifi cation is 
the most commonly applied to the distal femur. 
AO/OTA classifi cation for extra-articular distal 
femur fractures is denoted 33A. The extra- 
articular fractures are further divided into 33A-1, 
33A-2, and 33A-3, indicating simple, metaphy-
seal wedge, or comminuted fracture pattern, 
respectively (Fig.  3.1 ). 33B and 33C (partial artic-
ular and complete articular, respectively) frac-
tures will be covered in a separate chapter.

3.6        Indications 

 Most fractures of the distal femur require  reduction 
and stable internal fi xation to restore alignment 
and allow early range of motion. Nonoperative 
management is typically only appropriate for 
 stable, nondisplaced fractures, or it is reserved for 
those patients who are nonambulatory or too 
 medically unstable to tolerate surgery. 

 Fractures of the femoral shaft distal to the 
 midshaft of the bone (infraisthmal) are good indi-
cations for an intramedullary (IM) nail. Extra-
articular distal femur (supracondylar) fractures 
are amenable to a retrograde nail as well, but the 
surgeon must be sure that at least two screws, 
preferably out of plane to each other, can be 
inserted into the distal fracture segment. A simple 
coronal split in the articular cartilage can be fi xed 
with a cancellous screw, and then a retrograde IM 
nail can be inserted as long as careful pre-op plan-
ning assures that the implants will not interfere 
with each other. Coronal fractures of the condyles 
can easily be managed with screw fi xation remote 
from the IM nail insertion site and can be done 
before or after the IM nail procedure. With the 
increased incidence of both total knee replace-
ments and osteoporosis, retrograde IM nailing of 
periprosthetic fractures can lead to a stable con-
struct that may even allow some partial weight 
bearing due to the load- sharing properties of the 
IM nail. With all very distal femur fractures, it is 
incumbent upon the surgeon to examine the x-rays 
for intra-articular fracture lines and also to deter-
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mine the total amount of distal femur available for 
screw fi xation. Remembering that the IM nail will 
be inserted just proximal to the intercondylar 
notch and knowing the location of the screw holes 
in the IM nail for distal interlocking will allow the 
surgeon to stabilize distal fractures with an IM 
nail when these parameters are met. 

 When a fracture is too distal to allow adequate 
fi xation with the distal interlock screws of an IM 
nail, a lateral distal femur locking plate may 
provide a better option. The plate can be 
positioned quite distally if needed, with multiple 
screws available for fi xation at the level of the 
condyles and metaphysis. Newer, variable angle 
locking plates are also now available that may 
provide the surgeon with improved ability to sta-
bilize a wider range of fracture patterns.  

3.7     Surgical Techniques 
(Anesthesia, Patient 
Positioning, Surgical 
Approaches, Reduction, 
and Fixation Techniques) 

3.7.1     Anesthesia 

 For any patient requiring surgical stabilization of 
a distal femur fracture, clearance or optimization 
for surgery by the primary medicine or trauma 
service is obtained. Thorough evaluation by the 
anesthesia team should also be undertaken, and 
general anesthesia is routinely used for the 
procedure. If the surgeon believes that the 
reduction might be diffi cult or that gaining length 
may be a challenge, then it is incumbent for the 

  Fig. 3.1    AO/OTA diagram for 33A fractures (Reprinted with permission from FW Gwathmey [ 16 ])       
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surgeon to discuss the matter with the 
anesthesiologist and recommend general 
endotracheal anesthesia with complete muscle 
paralysis. In cases where the surgeon does not 
require paralysis, an effective spinal or epidural 
block may work as well, and these techniques 
have the added benefi t of postoperative pain 
control. Regional anesthesia with a femoral nerve 
block may be a useful adjunct.  

3.7.2     Patient Positioning 

 For all procedures, patients are placed in the 
supine position, with consideration of a blanket 
bump under the ipsilateral hip to neutralize lower 
extremity rotation. 

 For retrograde IM nailing of distal femur 
fractures, the patient is placed supine on a 
radiolucent table with the knee placed over a 
radiolucent sterile triangle. The use of a bolster 
under the ipsilateral buttocks is optional; 
however, if the surgeon uses a bump, then care 
must be taken to assess rotation of the femur. If 
no bolster is used, the patella can typically be 
placed straight anterior to allow for proper 
rational alignment of the limb. The leg is then 
prepped and draped in the usual sterile fashion 
making sure that the drapes go up to the pelvis to 
allow room for proximal screw insertion, anterior 
to posterior, for a full-length IM nail. 

 Prior to the surgery, the alignment and 
reduction of the limb can be assessed under 
fl uoroscopic guidance, and by moving the 
triangle and a roll of towels posterior to the distal 
femur and applying traction, an acceptable 
reduction prior can be obtained (Fig.  3.2a ).

3.7.3        External Fixation 

 External fi xation is used as a temporizing measure 
when defi nitive fi xation is not appropriate, such 
as in the setting of severe soft tissue injury or 
damage control orthopedics (DCO) scenario. 

 Two 5.0-mm Schanz pins are placed in the 
femur shaft (proximal to the intended proximal 
extent of the defi nitive fi xation if a plate will be 

used). The authors’ preferred technique is to 
predrill with a 3.5-mm drill. In the tibia, two 
Schanz pins are placed using the same technique. 
175-mm half-pins and 150-mm half-pins 
typically work well in the femur and tibia, 
respectively, for most nonobese patients. Longer 
pins may be required for very obese patients. 

 The knee may then be stabilized with a 
spanning construct consisting of either pin banks 
placed at the pins and a “diamond” frame with 
bars and connectors between pin banks or pin-to- 
bar connectors used to place multiple bars 
directly between proximal and distal pins 
(Fig.  3.3 ). Applying longitudinal traction while 
maintaining appropriate alignment of the limb 
will typically bring the fracture into acceptable 
alignment for tightening the external fi xation 
construct. The knee is typically placed at 15–20° 
of fl exion, though this may be adjusted to 
accommodate fracture characteristics.

3.7.4        Intramedullary Devices 

 For the majority of extra-articular fractures, a 
small medial parapatellar tendon incision from 
the inferior pole of the patella to the tibial tubercle 
with either a medial or patellar tendon splitting 
incision will be suffi cient to gain access to the 
insertion site. The knee on the triangle should be 
fl exed between 30° and 45° to allow for passage 
of the reamers and IM nail. Too much fl exion can 
bring the patella inferior and block the insertion 
site and too little fl exion could possibly damage 
the tibial plateau. The synovium is spread, and a 
guide pin inserted into the distal femur and 
centered on both the AP and lateral fl uoroscopic 
views. On the lateral view, with both femoral 
condyles superimposed on each other, the starting 
point should be 6 mm proximal to the convergence 
of Blumensaat’s line and the femoral groove [ 3 ] 
(Fig.  3.2b, c ). The AP view should show the pin 
centered in the distal femur, not perpendicular to 
the articular surface. A starting rigid reamer can 
be used over the guide pin while protecting the 
tendon and surrounding cartilage. 

 A ball-tipped long guide rod is then inserted 
across the fracture site up to the level at or above 
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  Fig. 3.2    ( a ) Lateral view showing distal femur fracture 
positioning over radiolucent triangle with bolsters behind 
the distal femur to correct apex posterior angulation. ( b ,  c ) 
A 90-year-old male with asymptomatic arthritis of the 
knee and supracondylar femur fracture. ( b ) Shows proper 
placement for retrograde IM nail on the lateral view just a 
few millimeters proximal to Blumensaat’s line. ( c ) Shows 
anterior-posterior fl uoroscopic view with guide pin cen-
tered in the distal femoral metaphysis. ( d ,  e ) –  d  
Demonstrates medial translation of the distal femur after 
guide rod insertion. Note the guide rod centered in the 
distal femur but hugging the medial cortex at the infraist-
hmal femoral fl are. ( e ) A blocking screw has been placed 

to block the IM nail from going along the medial cortex of 
the femur and thereby translating the distal femur later-
ally. ( f ,  g ) Final anterior-posterior x-rays showing excel-
lent fi nal alignment without translation or angulation of 
the distal femur. Due to the patient’s age and osteoporosis, 
multiple screws with minimal purchase were used off-axis 
for distal femoral fi xation. ( g ) Shows lateral radiograph 
and alignment. The blocking screw backed up slightly on 
IM nail insertion but is doing its job and should not be 
removed after IM nail insertion. The retrograde IM nail is 
not prominent at the level of the cartilage of the knee, and 
the alignment is satisfactory         

a b

c ed
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the lesser trochanter. For supracondylar fractures, 
it is imperative to maintain reduction while insert-
ing the guide rod and during reaming. Reaming 
the intramedullary canal with the femoral fracture 
reduced will lead to better alignment once the IM 
nail is inserted, as it will not follow an aberrant 
track. The nail length is then determined using a 
ruler, and the proximal tip of the IM nail should 
be above the bottom of the lesser trochanter. 
Reaming is performed assuring that the reduction 
is maintained during this process. The intramed-
ullary canal is reamed to 1 mm to 1.5 mm greater 
than the canal diameter that has been determined 
by the fi rst reamer that contacted the cortex and 
caused audible “chatter.” The retrograde IM nail 
is then inserted with the fracture reduction main-
tained. Close attention should be paid when the 
IM nail is crossing the fracture site as an eccentric 
entry into the proximal fragment can cause com-
minution. Using anterior-posterior and lateral 
fl uoroscopy, visualization of the proximal end 
(insertion end) of the IM nail must be identifi ed 
and its relationship to the intercondylar notch is 

imperative. The nail must be at least fl ushed with 
the articular cartilage or even inserted deep to the 
cartilage by a few millimeters; it cannot be promi-
nent as that will cause damage to the cartilage of 
the patella [ 4 ]. 

 Distal interlocking is performed with an out-
rigger jig attached to the insertion handle of the 
IM nail. One screw is probably suffi cient for sta-
ble, transverse fractures with greater than 50 % 
cortical contact. Two screws may be used when 
there is cortical comminution at the fracture site 
and oblique screws should be considered with 
small distal fragments in an attempt to get orthog-
onal screw placement. After distal interlocking, 
the length of the femur must be assessed. If the 
fracture does not have axial stability, the leg will 
shorten with IM nail insertion. When shortening 
is identifi ed, following distal interlocking, the IM 
nail is “backslapped” to regain length and the 
fracture alignment is reassessed by fl uoroscopy. 

 The insertion handle can then be removed and 
the leg can be placed fl at on the OR table. If no 
bolster under the torso was used (author’s 

f g

Fig. 3.2 (continued)
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preference), then the patella can be placed in a 
straight anterior direction during nail insertion 
and for proximal interlocking. The anterior to 
posterior proximal interlocking screws are placed 
using a “free-hand” technique and “perfect cir-
cles.” The C-arm is positioned in an anterior to 
posterior position and an image of the proximal 
locking screws is obtained. The direction of the 
fl uoroscopic image is changed until the anterior 
and posterior holes in the IM nail are collinear 
and appear as a “perfect circle.” A small anterior 
incision is made over the proximal screw hole 
through the skin, quadriceps fascia, and the mus-
cle down to the anterior cortex. The bayonet tip 
drill bit is then laid on the anterior cortex 
obliquely until the tip of the drill point is centered 

in the proximal interlocking hole. The surgeon’s 
arm is then brought to a position parallel to the 
direction of the C-arm, and the drill is inserted 
through the anterior cortex. Most commonly after 
this, the drill bit remains in the cortex but the drill 
is removed from the bit. The fl uoroscopic view 
will determine the exact position that the drill bit 
has to go to make its way through the hole, and 
adjustments on the drill bit and its tip with gentle 
mallet blows can assist in getting the drill through 
the interlocking hole. The posterior cortex is 
drilled being careful not to over penetrate the 
posterior cortex and possibly injure the sciatic 
nerve. Utilizing a locking screwdriver, the screw 
is inserted after measuring with a depth gauge. 
Two proximal screws may be used for 
comminuted fractures. A full-length IM nail 
extending proximal to the bottom of the lesser 
trochanter should be used to prevent coronal 
plane motion and stress at the proximal end of the 
IM nail. 

 For supracondylar fractures, occasionally the 
alignment of the distal femur is not acceptable 
despite all of the “tricks” used for reduction, 
reaming, and insertion. In these cases, a blocking 
screw can be used to guide the IM nail into the 
desired position. Oftentimes, the IM nail must be 
removed, the long guidewire replaced into the 
femur, and using the short drill bit for the 
proximal interlocking screws, a hole is drilled 
next to the guide rod on the concave side of the 
deformity (Fig.  3.2d, e ). The screw must block 
the IM nail’s trajectory but allow enough room 
for the IM nail to pass. The screws utilized are 
those employed for interlocking the IM nail [ 5 ]. 
The retrograde nail is then reinserted and should 
“bounce” off of the blocking screw for this 
technique to work (Fig.  3.2f, g ). Sometimes, the 
limb deformity must be exaggerated to allow the 
nail to proceed past the blocking screw. Proximal 
and distal interlocking is then performed as 
previously discussed, and the blocking screw is 
left in place to maintain the reduction. 

 After a layered closure, the leg is wrapped 
with a long elastic bandage from toes to groin. 
Immediate knee range of motion is stressed early 
in the rehabilitation process. Active motion is 
encouraged in cooperative, alert patients, and 

  Fig. 3.3    “Z” confi guration for knee spanning external 
fi xator. Note that this construct does not require pin banks 
and can be planned to allow access to the distal femur so 
that it may remain in place at the time of defi nitive internal 
fi xation (Reprinted with permission from AO Trauma)       
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continuous passive motion (CPM) machines can 
be used for patients who are intubated or unable 
to comply with the therapy regimen. Transverse 
fractures with greater than 50 % cortical contact 
can start some immediate weight bearing and 
progress to full weight bearing as tolerated. 
Those patients with comminuted, length unstable 
fractures should start early partial weight bearing 
but refrain from full weight bearing until callus is 
visible on x-ray. By 6 weeks following surgery, 
most patients will have at least 90° of knee 
fl exion, and by 3 months all patients should have 
near normal fl exion.  

3.7.5     Plate Fixation 

 Open reduction internal fi xation with 
anatomically precontoured lateral plate is perhaps 
the current gold standard for distal femur fi xation. 
Distal femur fractures involving the articular 
surface are addressed in a separate chapter. 

 The approach for distal femur plating will 
depend on the fracture pattern and exposure 
required to adequately address the injury. 
Minimally invasive plate osteosynthesis (MIPO) 
incisions are appropriate for simple fracture 
patterns or extra-articular patterns amenable to 
indirect reduction and bridge plating. However, 
this approach can be extended into a longer 
lateral incision for more extensive fractures that 
require direct reduction. Lastly, those fractures 
with intra-articular involvement that require 
access to the anterior distal femur may be 
approached through a lateral parapatellar 
arthrotomy that extends proximally to the lateral 
femur (termed “swashbuckler” approach). This 
approach is covered in the intra-articular distal 
femur chapter. 

 For lateral exposure, direct reduction, and 
plate application, a lateral incision is marked out 
from the lateral epicondyle and extended 
proximally in line with the femoral shaft. The 
incision may be extended further distally if 
required to allow mobilization of the skin without 
excessive tension. Skin incision is made with a 
#10 blade and carried down to the IT band. IT 
band is divided in line with its fi bers, and the 

vastus lateralis is visualized. The vastus lateralis 
is retracted anteriorly and elevated from the 
lateral intermuscular septum. Perforating vessels 
are encountered proximally and hemostasis 
achieved with electrocautery. The dissection is 
carried distally to expose the distal lateral femur 
(at this point the dissection can be adjusted more 
anterior to include lateral arthrotomy if intra- 
articular exposure is required). 

 If a direct reduction is undertaken, the fracture 
site is debrided of interposed fragments for 
simple fracture patterns where absolute stability 
can be achieved. For comminuted fractures where 
bridge plating is most appropriate, the fracture 
site is not routinely debrided. 

 With paralysis in place, length can usually be 
achieved with manual traction. If achieving 
 adequate length proves challenging, a femoral 
 distractor may be used to achieve length. A bump 
is placed under the femur at the level of the  fracture 
functions to relax the deforming pull of the 
 gastrocnemius on the distal fragment and maintain 
the alignment of the shaft and metaphysis once 
achieved. For simple fracture patterns, periarticu-
lar reduction clamps (such as “King Tong” clamp) 
may assist with reduction and can be applied 
safely to the medial side of the femur with a small 
percutaneous stab incision or a folded OR towel to 
avoid injury to the skin [ 19 ]. Provisional fi xation is 
then achieved with Kirschner wires. 

 Plate application is performed by sliding the 
plate under the vastus lateralis along the femoral 
shaft. Plate length can be determined by preopera-
tive templating or by estimation during surgery 
followed by fl uoroscopic confi rmation of appro-
priate length. We recommend a minimum of four 
bicortical screws above the fracture site, taking 
into consideration adequate working length for 
bridge plate applications – typically a minimum 
of three empty holes remain at the level of the 
fracture for bridge plating, though this number 
may be greater for extensive comminution. 

 Stepwise, once appropriate plate length is 
established:

    1.    Provisional fi xation of the plate at the distal 
femur using a k-wire, based on perfect lateral 
view (Fig.  3.4 ).
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       2.    Provisional fi xation of the plate proximally 
with a k-wire. The plate should be centered on 
the shaft in the lateral view. This step avoids 
unrecognized plate malposition on the shaft.   

   3.    On AP view, confi rmation of appropriate 
varus/valgus alignment. Guidewire for fi rst 
distal locking screw should be aligned with 
distal articular surface (Fig.  3.5 ).

       4.    Secure the shaft with 4.5-mm cortical screw.   
   5.    Correct any remaining extension deformities 

of distal fragment with direct reduction prior 
to placing subsequent distal locking screws.   

   6.    Place remaining shaft screws.     

 In the setting of severe bone loss or defect, 
Masquelet technique may be used. This tech-
nique is a two-stage strategy for the reconstruc-
tion of long bone segmental diaphyseal defects 
and utilizes induced membranes with nonvascu-
larized bone autograft [ 17 ,  18 ]. The fi rst stage 
involves placement of a polymethyl methacrylate 

(PMMA) cement spacer into the defect, with 
closure or soft tissue coverage of the area. 
Approximately 6 weeks later, the second stage 
consists of spacer removal with care taken to not 
disrupt the membrane around the defect. This 
cavity is fi lled with cancellous autograft bone 
that can be combined with demineralized bone 
matrix or allograft if additional volume is 
required. The technique relies on the theory that 
the biological membrane induced by the PMMA 
cement has a protective and positive effect on the 
cancellous autograft. 

3.7.5.1     Tips 
 If shortening is accepted to improve bony 
apposition and excessive medial translation of 
the distal fragment is encountered, one may apply 
cortical screws in the proximal portion of the 
shaft, followed by locking screws for distal 
fi xation of the shaft, which will appropriately 
secure the position of the distal fragment in the 
coronal plane (Fig.  3.6 ). This will avoid excessive 
medial translation of the condyle portion of the 
fracture.

   For osteoporotic bone or very distal fractures, a 
more distal plate position may be chosen. The 
most distal posterior locking screw may still be 

  Fig. 3.4    Lateral view of the distal femur with appropriate 
plate position. Note that the distal/posterior most screw is 
posterior to Blumensaat’s line, and a unicondylar screw 
was used in this position       

  Fig. 3.5    Anatomically precontoured lateral locking 
plates are designed to recreate the normal valgus angle of 
the distal femur and should be placed parallel to the distal 
articular surface       
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placed across both condyles, accepting that the 
screw is intra-articular in the femoral notch (eval-
uated on the notch view of the knee). To avoid this 
scenario with a distal plate position, use a shorter 
screw that only traverses the lateral condyle.    

3.8     Postoperative Regimen 

 Following placement of external fi xator, patients 
are non-weight bearing until the time of defi nitive 
internal fi xation. Low molecular weight heparin 
(LMWH) or other chemoprophylaxis is typically 
used for deep vein thrombosis (DVT) prophy-
laxis because of the considerable immobilization. 
Routine pin care is performed. 

 After plate fi xation, patients are typically toe 
touch weight bearing (TTWB) for 6–8 weeks, 
using a walker or crutches to mobilize. DVT pro-
phylaxis at our institution consists of 2 weeks of 
LMWH 40 mg subcutaneous (SC) daily, then 
four additional weeks of 325 mg aspirin (ASA) 

by mouth daily. Antibiotics are continued postop-
eratively for two additional doses not to exceed 
24 h after surgery. 

 Following IM nail fi xation, activity level 
varies depending on factors including bone 
quality, amount of fi xation, and degree of 
comminution, though earlier motion may be 
considered based on the load-sharing properties 
of the IM nail. 

3.8.1     Rehabilitation 

 Immediate knee range of motion is stressed early 
in the rehabilitation process. Active motion is 
encouraged in cooperative, alert patients, and 
continuous passive motion (CPM) machines can 
be used for patients who are intubated or unable 
to comply with the therapy regimen. Since these 
fractures are infraisthmal, there is no good 
cortical contact, and for the majority of patients, 
limited initial weight bearing is usually 
recommended. Those patients with comminuted, 
length unstable fractures should start early partial 
weight bearing but refrain from full weight 
bearing until callus is visible on x-ray. By 
6 weeks following surgery, most patients will 
have at least 90° of knee fl exion, and by 3 months 
all patients should have near normal fl exion.   

3.9     Complications 

     1.     Coronal plane malalignment  – Anatomically 
precontoured lateral locking plates are 
designed to recreate the normal valgus angle 
of the distal femur, and certain implant- 
specifi c screws should be placed parallel to 
the distal articular surface (Fig.  3.5 ). Coronal 
plane malalignment will result in excessive 
loading of the medial or lateral compartment 
of the knee. 

 With retrograde IM nailing of distal femur 
fractures, malalignment and malunion are pos-
sible due to the fact that there is no cortex to 
guide the nail. Varus and valgus are both pos-
sible and often the concavity of the deformity is 
on the more comminuted side. Blocking screws 

  Fig. 3.6    This fracture demonstrated severe comminu-
tion, and shortening was accepted to improve contact at 
the fracture site. Locking screws in the distal portion of 
the shaft are an effective way to control its position, avoid-
ing excessive medialization of the condylar fragment       
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do act as an artifi cial cortex and can guide the 
IM nail into position, reduce the fracture, and 
decrease the incidence of malalignment.   

   2.     Incorrect implant position  – Placing the plate 
too anterior or posterior may result in intra- 
articular screws that violate the trochlea or 
notch, respectively. The distal femur has a 
trapezoidal shape, which must be considered 
to achieve safe implant placement. Posterior 
plate placement on the distal condylar frag-
ment will lead to medial displacement or golf 
club deformity of the femur [ 14 ,  15 ]. Further, 
the proximal portion of the plate has a ten-
dency to shift too anterior relative to the shaft. 
In this instance, the proximal locking screws 
may not engage the bone or only have unicor-
tical purchase. This problem can be addressed 
by placing a percutaneous k-wire through the 
most proximal hole to maintain appropriate 
position during placement of the distal screws. 

 Even for supracondylar fractures, a full- 
length retrograde femoral IM nail should be 
used to take advantage of the isthmus to 
prevent excessive movement of the implant in 
the femur. It is imperative with retrograde IM 
nailing to be absolutely sure that the distal tip 
of the IM nail is not prominent at the level of 
the articular cartilage.   

   3.     Prominent screws at medial cortex  – If distal 
screws are too long, they may encroach on the 
medial collateral ligament (MCL). This com-
plication is likely to be symptomatic for 
patients and may require implant revision or 
removal. An internal rotation view along the 
medial aspect of the distal femur (approxi-
mately 25° rotated) will allow the surgeon to 
evaluate for prominent screws. 

 The distal screws placed through the femo-
ral condyles and through the IM nail can be 
symptomatic. A prominent screw head on the 
lateral condyle may be palpable and cause 
friction with knee motion as the iliotibial band 
rubs over it. Additionally, when the screws are 
a little too long, the medial tip of the screw 
often causes pain as it is prominent, and with 
knee fl exion, the quadriceps rubs over the 
screw tip causing pain. Removal of screws is 
possible after 12 months when the fracture 

appears to have remodeled callus surrounding 
the fracture site.   

   4.     Sagittal plane deformity  – The force of the 
gastrocnemius muscle on the distal fragment 
results in extension. This deformity should be 
anticipated, and knee fl exion will decrease the 
deforming force and facilitate reduction. 
Patients may have excessive extension and 
gait abnormalities related to the malalignment. 
Apex anterior malalignment is perhaps less 
well tolerated compared to recurvatum 
deformity due to the inability to regain full 
knee extension.   

   5.     Nonunion  – Due to the metadiaphyseal 
location and the closed reduction of the distal 
femur fracture for IM nailing, the union rates 
are very high, greater than 90 %. The ability to 
perform the nailing procedure without 
disrupting the muscle or blood supply or 
disruption of the healing factors has led to few 
fractures that do not heal. If nonunion is 
present, then a workup can be performed to 
rule out systemic causes like Vitamin D 
defi ciency or the use of blood thinners or 
steroids or other factor-inhibiting drugs. 
Similar results can be obtained with minimally 
invasive plating if the medial soft tissues are 
respected and left intact. 

 One critical aspect of considering options 
for the treatment of nonunions is to assess the 
fracture stability. In an atrophic nonunion, if 
the hardware is stable, then a bone graft can 
be added. If the hardware is not stable, then 
either an exchange IM nail or plating can be 
performed with adjunctive bone grafting. For 
hypertrophic nonunion that just want more 
stability, an exchange IM nail or plating can 
be performed without the addition of bone 
graft.   

   6.     Decreased range of motion  – Knee stiffness fol-
lowing these fractures is not uncommon in 
those patients immobilized for a period of time 
following surgery or those who do not start 
early knee motion. The quadriceps scars down 
to the fracture and its effective working length 
is decreased. Further, if the patella is not mobi-
lized, then there are intra-articular contractures 
as well. Early range of motion (ROM) and 
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physical therapy are the hallmarks of early 
aggressive treatment. Should this fail to regain 
motion after several months, then a knee manip-
ulation in the operating room or a quadriceps-
plasty may be required to regain knee fl exion. 
Pillows behind the knee or prolonged sitting 
can lead to a fl exion contracture of the knee, 
and patients are encouraged to get the knee to 
full extension while sitting or exercising.   

   7.     Infection  – Infection is rare following plating or 
retrograde IM nailing of distal femur fractures. 
Small nonhealing incisions can be treated 
expectantly with cleansing and possible antibi-
otics by mouth. If the knee joint shows evidence 
of infection following knee aspirate, then an 
arthrotomy is required to debride the synovium 
and active drain suction is recommended. 
Intravenous antibiotics may be necessary, and 
the IM nail or plate can be retained if the frac-
ture has not healed yet and supplemented with 
suppressive antibiotic treatment. Hardware 
removal and local antibiotics may be employed 
as a defi nitive treatment once the surgeon is 
assured that the fracture is healed.      

3.10     Results 

 Outcomes following fi xation of distal femur frac-
tures for both plate and IM nail fi xation have been 
reported, and while modern implants have 
improved results compared to historical data, they 
have not resulted in uniformly good outcomes. 

 Early studies utilizing retrograde IM nails for 
distal femur fractures had good union rates, but 
malunions, shortening, painful and broken screws, 
as well as loss of reduction [ 6 ,  7 ]. Techniques 
improved as did the implants, and results with ret-
rograde nails improved to be similar to those of 
plating. Three studies compared the results of 
plating versus retrograde I nailing of distal femur 
fractures. In 2004, Markmiller et al. found no dif-
ference in ROM in the less invasive stabilization 
system (LISS) plate versus retrograde groups and 
reported malunion in three plated femurs and two 
retrograde-nailed femurs [ 8 ]. At 1-year follow-up, 
nonunion and secondary surgical procedures were 
10 % for both groups. A study comparing dynamic 

condylar screw (DCS) to retrograde nailing for 
distal femur fractures in elderly patients revealed 
a shorter OR time with less blood loss in the IM 
nail group, but complications were equal as were 
union rates and clinical results [ 9 ]. Hartin et al. 
reported on 23 patients randomized to plate  versus 
IM nail and found that three patients in the retro-
grade IM nail group required revision surgery and 
this group had more pain on the SF-36 outcome 
score [ 10 ]. 

 Clinical results after retrograde IM nailing of 
periprosthetic fractures around total knee 
replacements have been good. Recently, Pelfort 
published that 7/30 patients treated with an IM 
nail after total knee replacement had a mean 
extension deformity of 18° but at 6 year follow-up 
had no clinical symptoms [ 11 ]. To consider 
retrograde IM nailing for periprosthetic fractures, 
the surgeon must know the design and 
specifi cations of the femoral component as well 
as the characteristics of the IM nail being 
employed. Heckler et al. reported on the size of 
the femoral components, and this reference can 
be helpful if the surgeon is considering IM nailing 
through a total knee replacement [ 12 ]. 

 Hoffmann et al. evaluated outcomes following 
plate fi xation of distal femur fractures in a 
retrospective cohort and found a 74.8 % union 
rate after the index procedure [ 13 ]. They did have 
an 18 % nonunion rate, and 20 % of those in the 
nonunion group went on to recalcitrant nonunion. 
Submuscular plating had a lower nonunion rate 
than open reduction (80.0 % healed versus 
61.3 %). It should be noted that 40.5 % of the 
injuries in this series were open fractures. 
Gardner et al. in a series of 335 patients treated 
with locked plating reported an 81 % union rate 
after the primary procedure and a 5 % overall 
infection rate. Diabetes and open fracture were 
both independent risk factors for needing reop-
eration and for deep infection. Implant failure 
was associated with open fracture, smoking, 
higher BMI, and shorter plate length [ 2 ].  

    Conclusions 

 Extra-articular distal femur fractures continue 
to be challenging injuries. Although implants 
have become more versatile and tailored to 
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accommodate these specifi c fractures, care 
must be taken to avoid complications. 
Preoperative planning, implant selection, 
careful handling of soft tissue, restoration of 
alignment, and confi rmation of appropriate 
implant position make up an important part of 
the approach required to maximize outcomes 
when treating this injury.     
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    Abstract  

  Isolated unicondylar distal femoral fractures are rare injuries. Most of 
them are associated to distal femoral fracture (55 %). The most common 
mechanism of injury is an axial load to the leg sometimes associated to 
varus, valgus, or rotation forces. After history and physical examination, 
X-rays and CT scan, including multiplanar and 3-D reconstructions, are 
mandatory. Several surgical exposures and different techniques and 
implants have been developed to achieve fracture healing, preserving the 
soft tissue, early knee motion, and functional recovery. The application 
of the principles of fi xation for the different implants and the respect of 
indications are fundamental for a successful outcome.  

4.1       Epidemiology 

 Distal femoral fractures, including supracondylar 
and intracondylar, represent less than 1 % of all 
 fractures and about 3–6 % of all femoral frac-
tures. They occur in a bimodal distribution: 
young male patients involved in high-energy 
trauma (traffi c  accident or a fall from heights) 
and elderly patients, in most cases female with 

poor bone quality, who sustain a low-energy 
trauma. Intra- articular involvement is present in 
55 % of distal femoral fractures [ 10 ,  17 ]. 

 Isolated unicondylar distal femoral fractures 
are rare injuries. Two different types of fracture 
can be observed: (1) the Hoffa fracture is defi ned 
as a coronally oriented fracture that more often 
involves the lateral condyle (less than ten cases 
have been reported in literature involving the 
medial condyle) [ 5 ,  44 ] and (2) the Trélat fracture 
that develops in sagittal plane affecting more 
 frequently the medial condyle [ 5 ]. Unicondylar 
fractures commonly occur associated with com-
plex intra-supracondylar femoral fractures. Hoffa 
fracture is present in approximately 40 % of 
 intercondylar fractures, especially in open 
 fractures (5–10 % of supracondylar fractures) 
[ 17 ,  44 ]. Associated ligament tears and meniscus 
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lesions have been reported in approximately 
20–70 % of cases [ 17 ]. Associated neurovascular 
injury is rarely reported. The femoral or popliteal 
artery lesion occurs in approximately 0.2 % of the 
cases, threatening the vitality of the whole limb, 
and therefore has to be carefully ruled out [ 25 ].  

4.2     Traumatic Mechanism 

 The most common mechanism of injury is an 
axial load to the leg sometimes associated to 
varus, valgus, or rotation forces. In younger 
patients sustaining high-energy trauma, consider-
able fracture displacement, comminution, con-
tamination, and associated injuries are present. In 
elderly with poor bone quality, fracture occurs 
during fall on a fl exed knee [ 17 ,  25 ]. 

 Unicondylar fracture occurs in high-velocity 
trauma. The proposed mechanism of injury 
consists of an axial load to the femoral condyle at 
90° or more of knee fl exion and results in a 
posterior tangential fracture pattern [ 5 ,  11 ,  44 ]. 
Fracture displacement is caused by the direction 
of the trauma and muscle contraction. Limb 
shortening and varus angulation depend on the 
contraction of the quadriceps, hamstrings, and 
adductor muscles. Posterior angulation of the 
apex and displacement of the distal fragment are 
caused by the contraction of the gastrocnemius. 
Rotational malalignment, in cases of intra- 
articular fracture, is caused by soft tissue 
attachments (capsule, ligaments, tendons) on the 
femoral condyles.  

4.3     Clinical Examination 

 History and physical examination are fundamen-
tal to understand the fracture pattern and associ-
ated lesions. Patients complain of severe thigh or 
knee pain, with inability to weight bear on the 
affected side. Swelling, tenderness, fracture crep-
itans, and limb deformity (shortening and exter-
nal rotation) are present at the clinical evaluation. 
The skin integrity has to be evaluated to identify 
possible open fractures. The most common open 

fracture location is anterior, proximal to patella, 
through the quadriceps caused by penetration of 
spike fracture. A careful neurovascular evalua-
tion of the affected extremity is fundamental 
before starting imaging studies [ 17 ,  25 ].  

4.4     Imaging and Preoperative 
Workup 

 Anteroposterior (AP) and lateral (LL) radio-
graphs are the fi rst-line exams for evaluating the 
fracture. In high-energy trauma, X-rays of the 
pelvis, ipsilateral hip, and femoral shaft are 
 recommended to recognize possible associated 
injuries. CT scan, including 3-D reconstruction, 
is recommended because the intra-articular 
involvement is present in 55 % of distal femoral 
fractures. Moreover, CT scan study is mandatory 
in complex intra-articular fractures to evaluate 
comminution degree and fracture lines in the 
coronal and sagittal planes [ 17 ]. 

 Diagnosis of Hoffa fracture can be challeng-
ing and often requires clinical suspicion based 
on traumatic mechanism. X-rays are usually 
unremarkable. Nork et al. reported that Hoffa 
fractures are missed in 31 % of the cases with 
plain radiographies alone. In case of clinical sus-
picion, it is useful to obtain oblique radiographs 
that can help to defi ne the fracture lines [ 30 ]. CT 
scan is helpful not only to identify the fracture 
but also to plan the treatment in terms of patient 
positioning, surgical approach, and fi xation 
method [ 44 ].  

4.5     Classifi cation 

 Different distal femoral fracture classifi cations 
have been proposed in the literature [ 9 ,  37 ,  43 ]. 
The AO classifi cation is the most used [ 29 ]. This 
system classifi es extra-articular fracture as type 
A, partial articular/unicondylar fractures as type 
B, and complete articular/bicondylar fractures as 
type C. Every type is subclassifi ed into three 
patterns according to the degree of comminution 
and instability [ 17 ,  25 ]. 

M. Ronga et al.



41

 Letenneur et al. classifi ed Hoffa fractures into 
three types in order to predict which fractures 
would progress to avascular necrosis. However, 
no relationship between fracture type and avascu-
lar necrosis has been conclusively demonstrated. 
Fractures were classifi ed into three types: type I 
is a fracture parallel to the posterior femoral cor-
tex; type II occurs posterior to this line, but 
remains parallel to the posterior femoral cortex; 
and type III is an oblique fracture of the posterior 
femoral condyle (Fig.  4.1a–c ). Soft tissue attach-
ments (capsule, ligaments, tendons) are pre-
served in type I and III, while in type II are 
frequently not preserved [ 3 ,  24 ,  44 ]. Trélat frac-
ture has been described as a unicondylar fracture 
developing in the sagittal plane [ 5 ] (Fig.  4.1d ).

4.6        Indications 

 Intra-articular distal femoral fractures require sur-
gical treatment due to better results compared to 
nonsurgical treatment in terms of union, align-
ment, range of motion, and functional outcome. 
Nonoperative treatment is indicated in cases of 
stable, nondisplaced fractures and when medical 
comorbidities contraindicate surgery (medical 
unsuitability, severe osteoporosis, and severe com-
minution) [ 17 ]. In a prospective, randomized con-
trolled trial comparing surgical with  nonsurgical 

management of displaced distal femoral fractures 
in elderly patients, Butt et al. observed higher rate 
of complications in the nonsurgical group, while 
better results were reported in the surgical group 
(53 % vs. 31 % respectively) [ 8 ]. 

 Once the “personality” of the fracture has 
been defi ned, the surgeon can decide the appro-
priate surgical approach and fi xation method. 
Fixed-angle side plates including blade plates, 
condylar plates with a sliding barrel, and locking 
plates can be used for intra-articular fractures and 
fractures in the osteoporotic bone. These plates 
may be indicated for the simple extra-articular 
(AO type A1) as well as the comminuted intra-
articular (AO type C3) fractures. Buttress plates 
and screws can be used in relatively stable frac-
ture and partial articular fractures (AO type B). 
They also can be implanted to augment other 
constructs. Intramedullary (IM) nailing is useful 
for extra-articular (AO type A) and in association 
with lag screws for simple or minimally commi-
nuted intra-articular (AO types C1 and C2) frac-
tures. External fi xator is indicated as temporary 
treatment, applying the concept of the damage 
control: spanning external fi xation to restore 
length and stabilize the extremity is used to allow 
patient systemic stabilization, especially in high-
energy fractures with excessive soft tissue lesion 
and periosteal stripping as well as for open frac-
tures with devitalized tissue and contamination. 

a b c d

  Fig. 4.1    Unicondylar fractures. ( a – c) . Classifi cation of 
fractures of the femoral condyle according to Letenneur. 
( a) . Type I is located in the posterior aspect of the femoral 
condyle being parallel to the posterior femoral cortex and 
extending from the femoral shaft-condylar junction to the 
posterior condylar articular surface. ( b) . Type II is a frac-
ture originating posteriorly to the junction between femo-

ral shaft and condyle, remaining parallel to the posterior 
femoral cortex. It may be intra-articular. Three subtypes 
are described according to the fragment size compared to 
type I: type A about 75 %, type B 50 %, type C 25 %. ( c ). 
Type III is an oblique fracture of the posterior aspect of 
the femoral condyle. ( d ). Trélat fracture develops in sagit-
tal plane       
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Defi nitive internal fi xation should be performed 
when the patient and soft tissue have improved. 
External fi xation is indicated as defi nitive treat-
ment in comminuted fractures, in severe open 
fractures, and in patients who are unsuitable for 
additional surgery. Total knee arthroplasty (TKA) 
is an option in select osteoporotic elderly patients 
with preexisting arthritis or severely comminuted 
fracture [ 17 ].  

4.7     Surgical Techniques 

 The goal of surgery is to achieve anatomical 
reduction of the articular surface, correct axial 
alignment, and restoration of femoral length, 
regardless of the implant and the surgical tech-
nique. In the intra-articular fracture, restoration of 
the congruity of the articular surface should be a 
priority, and in complex fractures, the intercondy-
lar part should be addressed before the metadi-
aphyseal part [ 7 ]. Length, alignment, and rotation 
should be evaluated clinically and fl uoroscopi-
cally after reduction and before the implant fi xa-
tion [ 3 ,  17 ,  44 ].  

4.8     Patient Positioning 

 The patient is placed in supine position on a 
radiolucent table to allow adequate intraoperative 
fl uoroscopic imaging of the whole lower limb. It 
is fundamental to evaluate preoperatively the 
contralateral limb to check the correct length, 
axes, and rotation. The operated thigh should be 
freely movable. The use of traction allows restor-
ing the correct length of the femur. Traction can 
be manual, skeletal on proximal tibia, or with a 
universal distractor. Preparation and draping 
should allow complete exposure of the operated 
femur up to the hip joint. The knee should be 
fl exed at 30° and the femur supported by 
paddings: this reduces the traction forces of the 
gastrocnemius muscle and prevents the extension 
of the distal fragment, reducing the recurvatum 
deformity and making the fracture reduction 
easier.  

4.9     Surgical Approaches 

 Distal femoral approach depends on fracture pat-
tern and implant used. The traditional open expo-
sures are indicated in cases of intra-articular 
fracture comminution, while minimally invasive 
incisions are used to perform a bridge plating in 
case of simple articular/comminuted metaphy-
seal fracture or in retrograde nailing. 

 A lateral approach is indicated when plating 
fractures with simple undisplaced articular involve-
ment (AO 33-C1). A curved lateral incision is made 
from Gerdy’s tubercle and extended proximally, in-
line with the femoral shaft (Fig.  4.2a ). The lower 
margin of the vastus lateralis muscle is exposed. 
The iliotibial tract is split in the direction of its 
fi bers, and the vastus lateralis muscle is refl ected 
anteriorly to expose the distal femur. A lateral 
arthrotomy is then performed. This approach allows 
atraumatic elevation of the vastus lateralis muscle 
from the lateral aspect of the femur and a lateral 
arthrotomy for joint access. This approach allows 
an easy plate application, which is important to 
avoid malreduction and implant malpositioning. A 
swashbuckler approach is indicated for displaced 
articular fractures (AO 33-C2–33-C3), ensuring an 
optimal joint view (Fig.  4.2b, c ) [ 7 ,  39 ].

   In case of isolated medial femoral condyle 
fracture or in some cases of complex intra- 
articular fracture where a medial plate is required, 
a medial approach is required. The incision is 
 centered over the fracture and extended to the 
adductor tubercle. The fascia is dived in-line with 
skin incision. Then the vastus medialis muscle is 
elevated to expose the distal femur. When articu-
lar exposure is needed, a medial parapatellar 
approach can be performed. It is necessary to dis-
locate laterally the patella to obtain a good view 
of the distal femur [ 17 ,  25 ]. However, Beltran 
et al. demonstrated that coronal fractures of the 
medial condyle can be adequately visualized 
using a mini-swashbuckler approach. Reduction 
and stabilization of the medial fragment can be 
achieved also through an accessory medial inci-
sion while working through a lateral approach [ 7 ]. 

 In retrograde intramedullary nailing, the knee 
needs to be bent approximately at 70°. A 4 cm 
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 midline skin incision is made, extending from the 
inferior pole of the patella to the tibial tubercle, 
 followed by a medial parapatellar capsular 
 incision. This should be suffi cient to expose the 
intercondylar notch for retrograde nail insertion. 
The posterior cruciate ligament and the weight- 
bearing cartilage are the major structures to pro-
tect [ 7 ,  17 ,  25 ]. 

 The approach to the Hoffa fractures is guided 
by the Letenneur classifi cation. Lateral type I and 
III fractures can be managed by a lateral or swash-
buckler approach. Lateral type II C fractures 
require a posterior approach, paying attention to 
popliteal vessels and nerves [ 44 ]. Agarwal et al. 
described a surgical approach to treat the rare 
bicondylar Hoffa fractures. These fractures 
require a tibial tubercle osteotomy to manage the 
reduction and fi xation of the intra- articular frag-
ments [ 1 ].  

4.10     Simple Screw Fixation 

 Simple screw fi xation is recommended in case of 
a frontal or sagittal unicondylar fracture. Usually 
the fracture is addressed through a medial or 
 lateral parapatellar approach (Fig.  4.3 ). A percu-
taneous procedure is possible in case of minimal 
displacement when the reduction can be obtained 
with ligamentotaxis [ 13 ].

   A recent study showed that osteosynthesis 
using two 6.5 mm cancellous screws is more 
effective than osteosynthesis using two or four 
3.5 mm screws: with 6.5 mm screws, a load of 
40–56 % more than 3.5 mm screws was required 
to cause system failure [ 23 ]. In Hoffa fractures 
the direction of the screws can change the 
mechanical stability. Screws placed from  anterior 
to posterior are used to fi x coronal fractures. This 
direction is usually preferred for an easy surgical 

a b c

  Fig. 4.2    Approaches to the distal femur. ( a ).  Lateral 
approach . A curved lateral incision is made from Gerdy’s 
tubercle and extended proximally, in-line with the femoral 
shaft ( red line ). The lower margin of the vastus lateralis 
muscle is exposed. The iliotibial tract is split in the  direction 
of its fi bers, and the vastus lateralis muscle is refl ected ante-
riorly to expose the distal femur. After, a lateral arthrotomy 

is performed. The sciatic and common peroneal nerve 
( yellow line ). ( b ).  Swashbuckler approach . The incision is 
more anterior than the lateral approach. The joint is 
approached between the lateral patellar retinaculum and the 
vastus lateralis muscle and then through a lateral parapatel-
lar arthrotomy ( dashed line ). ( c ). Quadriceps muscles and 
patella are refl ected medially to expose the joint       
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approach, visualization, and screws placement. 
However, posterior-to-anterior screws provide 
better mechanical strength during loading [ 22 ]. 
In case of intra-articular screw placement, the 
screw heads must be recessed beneath the articu-
lar surface. The effects of the cartilage defects 
created with this technique are not known. To 
provide additional stability, a buttress plate can 
be used at the expense of additional soft tissue 
dissection along the posterior femur [ 41 ,  44 ]. 

 Several authors report the arthroscopically 
assisted internal fi xation for Hoffa fractures with 
good early results. Reduced soft tissue dissection, 
blood loss, operative time, and a faster recovery 
time compared with open procedure are the poten-
tial advantages of this technique. However, there 
is no evidence to suggest that arthroscopy may 
improve the treatment of these fractures [ 41 ,  44 ].  

4.11     Blade Plate 

 Blade plate is a monoblock, preshaped implant 
that is adapted to the anatomy of the distal 
femur. In addition to extra-articular fractures 
(AO type A), blade plate is indicated in case of 
sagittal  unicondylar fractures or supracondylar 

and  intercondylar  fractures. The system is very 
 stable, allowing  compression of the epiphyseal- 
metaphyseal fracture site [ 2 ,  13 ]. Mechanically, 
the implant functions like a dynamic tension 
band creating a medial compression. In the 
osteoporotic bone, the placement of the blade 
can be traumatic and have little resistance to 
breakage [ 2 ,  13 ]. A supplemental medial fi xa-
tion can be used in case of comminuted metaph-
yseal fractures with bone loss to prevent varus 
collapse [ 7 ]. Care is needed to ensure that 
screws do not interfere with subsequent implant 
placement. After securing the articular part, the 
extra- articular component of the fracture is 
addressed.  

4.12     Dynamic Compression Plate 

 Besides extra-articular fractures, the classic indi-
cations are sagittal unicondylar fractures or 
supra- and intercondylar fractures. Epiphyseal 
fi xation is obtained by a single lag screw which 
the plate pivots upon for sagittal adjustment. The 
implant has a 95° angle between the plate and the 
screw. This angle facilitates frontal placement 
and positions the epiphyseal screw parallel to the 

a b

c

d

e

  Fig. 4.3    Hoffa fracture. Case example of 35-year-old 
male. ( a ,  b ). X-rays and CT demonstrate type I Hoffa frac-
ture of the lateral femoral condyle of the left femur. ( c ). 
Open reduction and fi xation with two anteroposterior 

4.3 mm compression screws and a 4.5 mm latero-medial 
cortical screw. ( d – e ). Four-year follow-up. Fracture 
healed without any sign of necrosis or arthritis. Full range 
of motion of the knee       
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joint. This implant has the advantage of being 
fairly easy to position, because the lag screw is 
cannulated and having a good resistance to screw 
failure [ 2 ,  13 ]. However, the lag screw hole is 
large (~12.5 mm Ø) and can determine many 
problems for new fi xation due a bone loss in case 
of implant revision.  

4.13     Locking Compression Plate 

 Indications to use a locking compression plate are 
extra-articular fractures, sagittal unicondylar frac-
tures, or supra- and intercondylar fractures. 
Locking compression plates have many advan-
tages compared to dynamic compression plate: 
screw locking minimizes the compressive forces 
exerted by the plate to the bone and thus avoids 
disturbance of the bone blood supply [ 15 ,  33 ]; the 
system works as fl exible elastic fi xation that stim-
ulates callus formation; precise anatomical shape 
allows using these plates as a “reduction mold,” 
molding the bone to the plate and preventing pri-
mary dislocation of the fracture caused by inexact 
contouring of a normal plate; these plates also 
allow a better distribution of the angular and axial 
loading around the plate [ 15 ,  33 ]. 

 The locking plate can be used with a classic 
open procedure when there is an intra-articular 
involvement, or with a minimally invasive 
approach. A combination of minimally invasive 
proximal diaphyseal fi xation with an open distal 
internal fi xation can be adopted to manage multi-
fragmentary articular fractures. A potential dis-
advantage is the lack of epiphyseal compression 
with locking screws. To avoid this problem, com-

pression screws can be inserted through the plate 
fi rst to achieve an optimal fracture reduction and 
then changed with locking screws. Another 
option is to use a King Tong clamp to compress 
the plate to the bone surface. Provisional K-wires 
inserted through the plate can help to position 
and maintain the implant in the correct place. The 
implant is fi nally fi xed with locking screws 
(Fig.  4.4 ). Supplemental medial or anteromedial 
fi xation can be considered in fractures with 
increased risk of failure with lateral-locked plat-
ing (i.e., open comminuted metaphyseal fractures 
with bone loss) in order to prevent varus collapse 
[ 7 ,  34 ].

4.14        Retrograde Nails 

 Retrograde intramedullary nailing allows frac-
ture stabilization with minimal soft tissue and 
periosteal disruption around the fracture site. The 
classic indication is extra-articular fracture. 
However, the recent improvement in implant 
design and instrumentation makes the nail a 
reliable indication for selected intra-articular 
distal femoral fractures [ 7 ,  17 ]. The new nail 
generations allow the placement of interlocking 
screws, creating a fi xed angle implant particularly 
useful in the osteoporotic bone and in short 
condylar fragments. Moreover, many interlocking 
screws within a few centimeters to the nail end 
can be implanted; in this way also, very far distal 
fractures can be treated with retrograde intramed-
ullary nail (Fig.  4.5 ) [ 7 ].

   In case of intra-articular fracture, nailing the 
distal femoral fractures can be technically 

a b c

  Fig. 4.4    Plate case.( a ). AO 33-C1 fracture of the left femur in a 74-year-old man. ( b ). ORIF with a locking plate. ( c ). 
Six-month follow-up fracture healed       
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demanding. An accurate preoperative planning 
is necessary to evaluate the fracture pattern: 
number and dislocation of the articular frag-
ments and their length in relation to the nail and 
the possibility of using lag screws or condyle 
screws to fi x the condylar fragment before nail-
ing should be taken in account. In particular, the 
multiple anterior to posterior screws used to fi x 
coronal plane fractures could block the distal 
interlocking screw, so they must be carefully 
planned before the nail passage. Moreover, nail 
insertion depth must be carefully determined: 
overseating a nail could limit interlocking 
options, while underseating a nail, leaving it 
prominent in the joint, can lead to patellofemoral 
pain and articular erosion [ 7 ]. 

 Standard length of retrograde intramedullary 
nails extends to the lesser trochanter to minimize 

stress on the subtrochanteric region. A short 
supracondylar nail should be long enough to 
allow the placement of two interlocking screws in 
the proximal fragment [ 17 ]. However, a long nail 
is advised for several reasons: prevention of 
stress fractures at the tip of the short nail, 
increased working length of the nail and conse-
quently micromotion that helps fracture healing, 
and increased nail stability because of the contact 
with the isthmus [ 7 ].  

4.15     External Fixator 

 External fi xation has a limited rule in the treat-
ment of distal intra-articular femoral fractures. 
This fi xation system is indicated in two different 
scenarios:

a

d e

b c

  Fig. 4.5    Retrograde nail case. ( a ). AO 33-C1 fracture of 
the left femur in a 64-year-old woman with BMI 33 
affected by severe osteoporosis and Crohn’s disease. (>) 
shows the intercondylar fracture line. ( b ). Intraoperative. 
A retrograde nail was implanted through a minimally 
invasive approach. ( c ). X-rays postoperative. The articular 

fragments were fi xed fi rst with a bicondylar screw. The 
retrograde nailing was then implanted and the proximal 
bicondylar screw allowed to achieve a good compression 
of the metaphyseal fragments. ( d, e ). Six-month follow-
up. Fracture healed without any malalignment. Good knee 
range of motion       
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•    Temporary bridging external fi xation (TBEF) 
in damage orthopedic control (DOC)  

•   Defi nitive external fi xation in severe open 
fractures and in metaphyseal comminution    

 Although surgical technique of the TBEF is 
not as challenging as the defi nitive one, the 
surgeon must follow precise rules to avoid acute 
and chronic complications. 

 Three factors need to be considered:

•    Pin placement  
•   Pin linkage  
•   Correct deformity    

 Pin placement requires the knowledge of 
cross-sectional limb anatomy to avoid 
neurovascular injury [ 6 ] and intra-articular pin 
penetration [ 26 ]. Anterior diaphyseal femoral 
pins have been used since they are easier to 
implant compared to lateral and facilitate patient 
nursing. Furthermore, anterior femoral pin 
placement has been recommended because of 
preservation of the lateral cortex for defi nitive 
screw fi xation through a plate or nail. Beltran 
et al. in an anatomic study defi ned the safe zone 
for anterior pin placement. Based on the distance 
between the last crossing femoral nerve branch 
and the superior refl ection of the knee joint, the 
average safe zone corridor for anterior external 
fi xator pin placement is approximately 20 cm, 
with the absolute narrowest zone identifi ed as 
12 cm. The upper limit is 5.8 cm below the lesser 
trochanter and the lower is 7.5 cm above the 
proximal pole of the patella [ 6 ]. Lateral pin 
placement reduces neurovascular lesions, the 
extensor mechanism, and knee joint penetration. 
Mercer et al., in a biomechanical study, compared 
the relative stiffness (varus, valgus, and axial 
loading) of four common external fi xation 
confi gurations used to span and stabilize the knee 
after knee dislocation [ 28 ]. The four 
confi gurations evaluated were anterior femoral 
pins with monotube, anterolateral femoral pins 
with monotube, anterolateral femoral pins with 
two connecting rods, and hinged ring fi xator. The 
authors concluded that the stiffest construct for 
external fi xation is achieved with anterior lateral 

confi guration on the femur and two connecting 
rods due to the biplanar nature of the construct. 
Strebe at al. compared the mechanical benefi ts of 
three strategies that are commonly used to 
increase knee-spanning external fi xator stiffness 
(resistance to deformation): double stacking, 
cross-linking, and the use of an oblique pin. The 
authors concluded that only double stacking 
increased stiffness in all four testing modalities 
( p  < 0.05) [ 40 ]. 

 In hemodynamically unstable patients, the 
primary goal to achieve with TBEF is restoring 
the limb length. In the hemodynamically stable 
patients, a complete realignment should be 
obtained. A shortening of 1 cm can be acceptable 
until 2 or 3 weeks because, if the defi nitive 
surgery is delayed for a longer period, it is very 
diffi cult to restore the normal limb length [ 31 ]. 
An overdistraction should be applied at fracture 
site to avoid this problem. However, if the local 
limb blood supply is critical due to a vascular 
lesion, an overdistraction could be dangerous for 
the epiphyseal fragments vascularity [ 31 ]. 

 The use of external fi xation as defi nitive treat-
ment is very rare. Distal pins and fi ches place-
ment can result in septic arthritis due to iatrogenic 
penetration of the knee capsule. However, the 
incidence is unknown in the distal femur [ 26 ]. 
Minimally invasive approach to reduce the artic-
ular fracture and fi xation with screws should be 
performed before external fi xation. Even if diver-
gent olive wires through the condyles provide 
good compression and stability, indirect reduc-
tion of the epiphyseal fragments by ligamento-
taxis can be diffi cult to achieve especially in type 
C2 and type C3 fractures [ 4 ].  

4.16     Postoperative Regimen 

 Postoperative management depends on different 
factors: fracture pattern, implant used, stability of 
the fracture fi xation construct, concomitant inju-
ries, bone quality, and patient compliance. The 
wounds should be checked regularly and the 
sutures removed after 2 weeks from surgery. An 
adequate pharmaceutical and mechanical throm-
bosis prophylaxis must be administered. 
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Rehabilitation should be followed by a physical 
therapist under surgeon supervision. In some 
cases it is appropriate to protect the fracture from 
varus and valgus stresses using a hinged knee 
brace. Knee motion should begin immediately 
whenever possible to prevent stiffness and loss of 
function. A continuous passive motion machine 
can be used to facilitate a gradual advancement in 
knee range of motion. Quadriceps and hamstring 
strengthening should be encouraged early after 
the operation, helping in maximizing the func-
tional recovery. Gait training can be initiated on 
day 1 in compliant patients. In intra-articular 
fracture, nonweight-bearing or weight-bearing 
restriction should be held until 10–12 weeks 
postoperatively, or until fracture healing is visi-
ble radiographically. Clinical and radiographic 
examinations are typically taken at 4–6 weeks 
intervals until fracture healing and the patients 
are able to walk without discomfort [ 7 ,  17 ].  

4.17     Complications 

 The main complications of distal femoral fracture 
are delayed union or nonunion, deep infection, 
malalignment, and arthrofi brosis. Osteoarthritis is 
the most frequent long-term complication, but the 
incidence has not been reported in the literature 
[ 36 ]. The overall rate of healing problems, includ-
ing delayed union, nonunion, implant revision, or 
secondary bone grafting, ranges from 0 to 32 % 
[ 18 ]. Ricci et al. in a retrospective study analyzed 
the risk factors for reoperation to promote union, 
deep infection, and implant failure of 335 distal 
femoral fractures (AO 33-A or 33-C, 33 % open) 
treated with lateral-locked plates [ 35 ]. Reoperation 
rate was 19 %. The following factors were signifi -
cantly associated to reoperation risk: open frac-
ture, diabetes, smoking, high BMI, short proximal 
plate length, and young age. The authors postu-
lated that young age is a risk factor due to the 
higher-energy mechanisms of trauma. Deep infec-
tion occurred in 5 % of fractures from the entire 
series. The authors identifi ed open fracture, obe-
sity, diabetes, and stainless steel plate as being 
associated with deep infection. Implant failure 
occurred in 7 % of the cases and most failures 

occurred within the zone of the proximal frag-
ment. When shorter plates (nine holes) were used, 
there was a 14 % failure rate compared with 1 % 
failure with longer plates. Smith et al. reported 
loss of reduction as the most frequent complica-
tion, more commonly in varus/valgus than in fl ex-
ion/extension and even less common in external 
rotation [ 38 ]. In case of metaphyseal comminu-
tion, a varus collapse was observed [ 20 ]. 

 In the literature many studies report the man-
agement of nonunion of the distal femur. However, 
the guidelines are not standardized. Ebraheim et al. 
in a systematic review noted that the most common 
defi nitive treatment was fi xed angle plating com-
bined with cancellous autografting [ 12 ]. The 
authors concluded that this treatment had a suc-
cessful union rate of 97.4 % and the average time to 
heal was 7.8 months. In the osteoporotic bone or 
mechanically atrophic unstable nonunion, opposite 
allograft cortical struts or locking plate are useful to 
stabilize the implant (Figs.  4.6  and  4.7 ).

    In case of malalignment after bone healing, 
osteotomy, immediate correction, and fi xation 
with a plate should be planned. Limb shortening 
more than 1.5 cm associated with an angulation 
more than 7–10° on coronal plane can be 
managed with external fi xation [ 7 ,  17 ]. 

 Deep infection is managed with appropriate 
antibiotic administration after harvesting samples 
for microbiological culture, implant removal, 
debridement of all the infected bone and soft tissue, 
and one- or two-staged fi xation procedure [ 27 ]. 

 Posttraumatic osteoarthritis can be managed 
with osteotomy, unicompartmental knee arthro-
plasty (UKA), and total knee arthroplasty (TKA), 
according to the joint morphology and involvement 
of one or more knee compartments. Malunion, 
intra-articular osseous defects, limb malalignment, 
retained internal fi xation devices, and damaged 
surrounding soft tissues may decrease the func-
tional outcome of prosthesis in these patients [ 32 ].  

4.18     Results 

 In the literature many studies have been reported 
for the treatment of intra-articular/distal femoral 
fracture with a single implant (screws, plate, 
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nail, etc.). However, there is a lack of  comparative 
studies and in particular of prospective studies. 
Bel et al. reported the results of the surgical treat-
ment of 163 unicondylar fractures (82 % AO B2, 
18 % AO B3) at a mean follow-up of 7 years. In 
this multicenter study, 23 % of B1 fractures were 
treated with a lateral buttress plate and a medial 
buttress plate was used in 4 % of B2 fractures [ 5 ]. 
All the B3 fractures were fi xed only with screws; 
anterior lag screws were used in 78 % of cases, 
and direct posterior-to-anterior screw fi xation 
was performed in 15 % of cases. The authors 
observed intra-articular malunion in 27 % of 
cases due to an insuffi cient reduction, valgus-
varus deformity in 10 %, fl exion- recurvatum 
deformity in 5 %, and 12 % of osteoarthritis. The 
authors concluded that a correct approach can 

infl uence the ability to achieve anatomic reduc-
tion and stable fi xation. For the treatment of B3 
fracture, a posterior/posteromedial approach 
should be advised to perform direct posterior-to-
anterior screw fi xation. A biomechanical study 
demonstrated that direct posterior-to-anterior 
screw fi xation via posterior approach is stronger 
than anterior lag screw fi xation [ 22 ]. 

 Garnavos et al., in a prospective study, evalu-
ated 17 patients affected by AO 33 type C fracture 
treated with retrograde nail and bicondylar screws 
[ 16 ]. No case of malunion, nonunion, and infec-
tion were reported, and good functional and clini-
cal scores were recorded. The authors concluded 
that the association between retrograde nail and a 
compression condylar bolt allowed good func-
tional results. In a retrospective series of 115 frac-

a

d e f

b c f

  Fig. 4.6    Nonunion case. ( a ). AO 33-C3 fracture of the 
left femur in a 71-year-old woman. ( b ,  c ). X-rays and CT 
scan at 1-year follow-up after ORIF with a locking plate. 
Atrophic nonunion with bone loss at the medial side. ( d ). 

X-rays postoperative. Internal fi xation with blade plate, 
anteromedial 4.5 mm locking plate and composite graft 
(see Fig.  4.7 ). ( e ,  f ). Six-month follow-up. Fracture healed 
with good knee range of motion       

a b c

  Fig. 4.7    Intraoperative of the nonunion case. ( a ). Plate 
removed. (*) Nonunion of the metaphyseal part. ( b ). 
Debridement of the lesion and residual bone loss (#). ( c ). 
Internal fi xation with blade plate, anteromedial 4.5 mm 

locking plate and RIA graft (reamer irrigator aspirator), 
bone substitute, and BMP-7. RIA graft (reamer irrigator 
aspirator), bone substitute and BMP-7 (<<)       
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tures, Hierholzer et al. compared retrograde nail 
( n  = 59) and minimally invasive locking plate 
( n  = 56) [ 19 ]. They did not note any difference in 
terms of functional and radiological outcomes 
between intra-articular and extra- articular frac-
tures. Differences between groups for type A frac-
tures were statistically not signifi cant. Statistical 
analysis for type C fractures between the two 
groups was not possible since in type C2 and C3 
fractures, only LISS plating was performed. 
Thomson et al., in a small series of 22 patients 
with a mean 80 month follow-up, compared the 
clinical, functional, and radiographic outcomes of 
ORIF versus limited open reduction and retro-
grade nailing in the treatment of distal femoral 
fractures (AO type C) [ 42 ]. In the plate group, they 
observed 42 % malalignment, 33 % nonunion, and 
25 % infection with 67 % of cases that required a 
subsequent bone-grafting procedure. Instead in the 
retrograde nail group, they recorded no cases of 
malunion and infection, while a nonunion rate of 
9 % was reported. Ehlinger et al. proposed the 
indications for each technique: the plate can man-
age all fractures, while retrograde nailing is better 
to treat extra-articular fractures [ 13 ]. 

 Arazi et al. reported the results of Ilizarov 
external fi xation for the acute treatment of 
severely comminuted extra-articular and 
intercondylar fractures of the distal femur [ 4 ]. A 
total of 14 consecutive patients with complex 
fractures were treated and evaluated at a mean 
follow-up of 14 months. There were three type 
A3, two type C2, and nine type C3 fractures 
according to the AO classifi cation. Fractures 
healed in 13/14 cases with excellent or good 
results in 64 % of the patients. Limited knee 
fl exion was seen in most patients. The mean 
range of fl exion at fi nal follow-up was 105° (35°–
130°). The limitation of movement was greatest 
in patients with a type C3 fracture. El Tantawy 
et al. applied the concept of distraction 
osteogenesis for the treatment of 17 comminuted 
distal femoral fractures (10 type C2 and 7 type 
C3.2 fractures) [ 14 ]. The procedure included 
initial percutaneous fi xation of the articular 
fragments by inter-fragmentary screws, acute 
shortening using an Ilizarov fi xator, followed by 
gradual re-distraction to compensate the 

shortening. All fractures healed in an average of 
4.5 months, and the functional results were 
excellent in 3 cases, good in 12, and fair in 2 
patients. Complications included pin track 
infection in eight cases (47 %) and superfi cial 
wound infection in three cases (18 %). Hutson 
and Zych reported the results of the treatment of 
16 fractures (1 type C3.1, 1 type C3.2, 14 type 
C3.3); 12 out of 16 were open fracture [ 21 ]. 
Limited open fi xation of the joint surface and ten-
sioned wire circular external fi xation of the 
metaphysis and shaft was the surgical strategy. 
The average follow-up was 35 months (range, 
14–60 months). All the fracture healed. There 
were two excellent, nine good, and fi ve fair 
results. Two patients had delayed bone grafting 
for delayed union. Five patients required a 
quadricepsplasty. One patient developed septic 
arthritis and another developed osteomyelitis. 
The authors concluded that limited internal 
fi xation and tensioned wire external fi xation have 
equivalent results to other methods but have a 
higher incidence of infection and complications. 
Joint motion is retarded by binding of the soft 
tissues with fi xation wires and pins. The technique 
is recommended only for salvage of severely 
comminuted and open fractures of the distal 
femur with extensive soft tissue injury [ 21 ].     
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  Abstract  

  Tibial plateau fractures constitute approximately 1 % of all fractures. 
Approximately 5–10 % of tibial plateau fractures are sports related, and 
proximal tibial fractures are especially common in high-energy sport inju-
ries (i.e., skiing, football, rugby, etc.). The lateral tibial plateau is affected 
in 55–70 % of the cases, the medial plateau in 10–23 %, and both plateaux 
in 10–30 %. In this chapter, the treatment of simple tibial plateau fractures 
(type I to IV according to Schatzker’s classifi cation) will be discussed, 
including conservative treatment, arthroscopic reduction and internal fi xa-
tion (ARIF), and open reduction and internal fi xation (ORIF).   

5.1      Epidemiology 

 Tibial plateau fractures constitute approximately 
1 % of all fractures [ 1 ]. Approximately 5–10 % 
of tibial plateau fractures are sports related, and 
proximal tibial fractures are especially common 
in high-energy sporting injuries (i.e., skiing, foot-
ball, rugby, etc.) [ 1 ,  2 ]. The lateral tibial plateau is 
affected in 55–70 % of the cases, the medial pla-
teau in 10–23 %, and both plateaux in 10–30 % [ 3 ]. 

 Meniscal tears can be associated with tibial 
plateau fractures in 42.2 % of the cases, while 
anterior cruciate ligament (ACL) tears in 21.3 % 

[ 4 ]. Neurovascular structures can be damaged as 
well, mostly the popliteal artery in complex frac-
tures and the common peroneal nerve in lateral 
plateau fractures due to direct impaction (valgus 
force).  

5.2     Traumatic Mechanism 

 Although tibial plateau fractures were originally 
called “bumper” or “fender” fractures, only 25 % 
of these fractures result from impact with auto-
mobile bumpers. The most common mechanism 
of injury involves axial loading (i.e., fall from 
a height). Other patterns of injury result from 
 laterally directed forces or from a twisting injury. 
In all cases, force is transmitted through the 
 femoral condyles onto the medial or lateral tibial 
plateaux. While split fractures are common in 
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the younger population, depression fractures are 
commonly seen in older, osteoporotic patients.  

5.3     Clinical Examination 

 Clinically, the traumatic mechanism should be 
investigated and a dislocation ruled out. The knee 
is usually swollen and painful and the physical 
examination should be mainly focused on the 
neurovascular evaluation and possible associated 
lesions. Palpation of the bony structures around 
the knee can help identify the location of the 
fracture/s. Stability maneuvers must be carried 
out under anesthesia, before surgery. In case of 
unclear diagnosis after the x-rays, aspiration of 
blood with fat droplets from the joint may be 
helpful to confi rm the diagnosis of intra-articular 
fracture and justify further investigation.  

5.4     Imaging and Preoperative 
Work-Up 

 For a correct assessment of the fracture type and 
degree of displacement, the preoperative work-
up must include anteroposterior (AP) and lateral 
x-ray views (sometimes oblique views) as well as 
a CT scan of the knee. Magnetic resonance 

 imaging (MRI) is not routinely required but may 
be useful when associated ligamentous injuries 
are suspected, even though ligament reconstruc-
tion is usually delayed after fracture healing.  

5.5     Classifi cation 

 A correct classifi cation of the fracture is man-
datory for the decision making and to assess 
the prognosis. Many classifi cation systems are 
 available for tibial plateau fractures (i.e., Hohl, 
Moore, Honkonen and Jarvinen, AO, etc.), but 
Schatzker’s classifi cation has the advantages 
of handiness as well as a good correlation 
with severity, treatment, and prognosis of the 
fracture [ 3 ]. Type I is a wedge fracture of the 
lateral hemiplateau, without articular depres-
sion (Fig.  5.1 ). Type II is a wedge fracture of 
the lateral hemiplateau associated with articu-
lar depression (Fig.  5.2 ). Type III is an isolated 
articular depression fracture involving the lateral 
plateau (Figs.  5.3  and  5.4 ). Type IV is a medial 
tibial plateau fracture, most likely associated 
with tibial eminence fracture (Fig.  5.5 ). Type V 
is a bicondylar tibial fracture, without metaphy-
seal involvement. Type VI is a unicondylar or 
bicondylar tibial fracture, with metaphyseal 
involvement.

a b c

  Fig. 5.1    Schatzker type I fracture (split fracture lateral). 
( a ) Coronal CT scan; ( b ) postoperative AP view; ( c ) post-
operative lateral view. The procedure consisted of 

arthroscopically assisted reduction and percutaneous fi xa-
tion with cannulated screws       
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5.6            Indications 

 The management of the fracture depends on 
 several factors and these include (1) fracture 
 confi guration, (2) concomitant soft tissue injury, 
(3) patient’s age and activity level, and (4) bone 
quality. 

 Nondisplaced and minimally displaced/
depressed fractures or displaced fractures in 
arthritic knees can be treated conservatively or 
with percutaneous fi xation. Displaced or depressed 
fractures with a step-off greater than 5 mm require 
reduction and internal fi xation. There are inade-
quate data on the amount of articular depression 
and displacement that may lead to post-traumatic 
arthritis [ 2 ]. Some authors suggested that fracture 
displacement ranging from 4 to 10 mm should 
be treated conservatively, whereas others state 
that surgery is essential for articular depression 
greater than 3 or 4 mm. In case of nondisplaced 
but unstable fractures, rigid internal fi xation may 
still be considered for active patients and athletes 
in whom early range of motion is a priority [ 2 ]. 
Five millimeter can be considered a reasonable 
cutoff for surgical indication. 

 When a conservative treatment is indicated, 
the management depends on the location and 

 stability of the fracture. For unstable fractures 
involving the weight-bearing surface of the 
 plateau, the knee is immobilized in a hinged knee 
brace for 2 weeks, and then 30° of ROM are 
allowed every week. Weight bearing is allowed at 
3 months. In case of stable fractures, ROM 0–90° 
can be allowed immediately. In case of fractures 
not involving the weight-bearing area of the pla-
teau, early weight bearing can be allowed. 

 Arthroscopic reduction and internal fi xation 
(ARIF) is indicated in Schatzker types I, II, and 
III (Figs.  5.1 ,  5.3 , and  5.4 ), when the displace-
ment is more than 5 mm, in compliant patients 
and in non-arthritic knees. However, in some 
Schatzker type II fractures, if the bone quality is 
poor or the wedge fragment is  comminuted, open 
reduction and internal  fi xation (ORIF) with plat-
ing is recommended (Fig.  5.2 ). 

 Arthroscopic-assisted techniques have been 
described also for Schatzker type IV fractures 
(Fig.  5.5 ). These fractures usually result from 
high-energy traumas, with soft tissue injuries 
(skin, ligaments, and capsule), and are more dif-
fi cult to reduce by external maneuvers. For these 
reasons, in these cases, ORIF is recommended, 
also to avoid possible arthroscopic fl uid leakage 
in the soft tissues. 

a b c

  Fig. 5.2    Schatzker type II fracture (split/depression fracture lateral). ( a ) Coronal CT scan; ( b ) postoperative AP view; 
( c ) postoperative lateral view. The procedure consisted of open reduction and internal fi xation with plate       
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a b

c d

  Fig. 5.3    Schatzker type III fracture (depression fracture lateral). ( a ) AP view; ( b ) 3D CT scan reconstruction; 
( c ) coronal CT scan; ( d ) sagittal CT scan       
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a b

c d

  Fig. 5.4    Postoperative imaging of the case shown in 
Fig.  5.3 . ( a ) Early postoperative AP view; ( b ) early post-
operative lateral view; ( c ) 6-month postoperative AP 

view; ( d ) 6-month postoperative lateral view. The proce-
dure consisted of arthroscopically assisted reduction and 
percutaneous fi xation with cannulated screws       
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 Fracture type (Schatzker 
classifi cation)  Treatment 

 Type I (split fracture 
lateral) 

 ARIF and percutaneous lag 
screw fi xation 

 Type II (split/
depression fracture 
lateral) 

 ARIF and percutaneous lag 
screw fi xation versus ORIF 
and plating (if poor bone 
quality or high comminution 
of the wedge fragment) 

 Type III (depression 
fracture lateral) 

 ARIF and percutaneous lag 
screw fi xation 

 Type IV (medial 
fracture with tibial 
eminence avulsion) 

 ORIF and plating versus 
ARIF and percutaneous lag 
screw fi xation (if low- 
energy trauma and isolated 
involvement of the medial 
plateau, either wedge or 
depressed fragment) 

5.7        Surgical Techniques 

5.7.1     Arthroscopic Reduction 
and Internal Fixation (ARIF) 

 The patient is positioned supine in general or 
 spinal anesthesia, with the tourniquet placed on 
the proximal thigh. Preoperative antibiotic pro-
phylaxis is administered IV. Knee stability is 
evaluated under anesthesia. 

 The main surgeon is on the side of the affected 
limb, while the C-arm and the arthroscopic screen 
are on the contralateral side. A specifi cally 
designed instrumentation is required (Fig.  5.6 ). 
Arthroscopic examination is performed using 

gravity infl ow, through classical anteromedial 
and anterolateral portals. The hemarthrosis is 
drained and any osteochondral fragments 
removed. The degree of fracture depression and 
soft tissues injury is assessed.

   A longitudinal 3 cm skin incision is made 
on the medial aspect of the tibia, starting 10 cm 
from the articular surface and extended distally 
(Fig.  5.7 ). A cortical window (10 × 20 mm) is 
opened on the medial tibia and a hollow trephine 
cutter (10 mm diameter), with a saw-toothed tip, 
is introduced in the tibia (Fig.  5.8 ).

    Under fl uoroscopic control (anteroposterior 
and lateral views), the edge of the cutter is placed 
2 cm below the lateral plateau fracture (Fig.  5.8 ). 
A bone punch (9 mm diameter) is then inserted 
into the cutter and, with a  hammer, the cancellous 
bone block (base 9 mm diameter, height about 
100 mm) is impacted under the fracture to obtain 
an indirect reduction. If the articular surface is 
severely depressed, this procedure can be 
repeated placing the cutter in another direction, 
through the same window. The anatomical recon-
struction of the articular surface is assessed 
arthroscopically (Fig.  5.9 ). Once the optimal 
reduction is achieved, the fracture is then fi xed 
with two or three cancellous cannulated screws 
(6.5 mm) with washer, inserted percutaneously 
from lateral to medial and 1 cm under the articu-
lar surface. The cutter and the punch are then 
removed and the tibial cortex placed in situ. 
Neither iliac crest graft nor bone substitutes are 
used with this technique.

a b c d

  Fig. 5.5    Schatzker type IV fracture (medial plateau fracture). ( a ) AP view; ( b ) lateral view; ( c ) coronal CT scan; 
( d ) sagittal CT scan       
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   In Schatzker type I fractures (wedge fractures, 
without articular surface depression), the eleva-
tion of the depressed surface is not required and, 
under arthroscopic control, the wedge fragment 
is usually reduced by external maneuvers. These 
include a digital compression on the wedge 
 fragment that is usually distally displaced, a varus 
stress on the knee (playing on the  ligamentotaxis 
by the articular capsule), and the use of a K wire, 
with a “joystick technique.” Once the fracture is 
reduced and the articular surface restored, a per-
cutaneous fi xation with screws is performed, as 
previously described [ 5 ,  6 ].  

5.7.2     Open Reduction and Internal 
Fixation (ORIF) 

 The patient position and preparation are as 
described for ARIF. Alternatively, the foot of the 
operating table can be dropped down (fl exing the 
knee to 90°). 

 Both lateral hockey stick incision and lateral 
parapatellar longitudinal approaches can be used. 
The hockey stick incision has the advantage of an 
easier approach to the fracture, while the 
 longitudinal incision does not interfere with sub-
sequent total knee replacement. 

 The lateral hockey stick incision is started 
from the lateral epicondyle and extended distally 
to 2 cm below the Gerdy’s tubercle. This incision 
can be extended proximally or distally according 
to the fracture’s pattern. The iliotibial band is 
incised over the fracture site. The anterior com-
partment muscles are elevated off the proximal 
tibia with a Cobb  elevator. An inframeniscal 
approach is used to reach the joint. The menisco-
capsular detachment needs to be large enough to 
allow lateral meniscus elevation and lateral frag-
ment opening. By opening the lateral fragment, 
the depressed portion of the articular surface is 
elevated, with a bone tamp, and auto- or allograft 
augmentation is performed. The lateral split frag-
ment is reduced with the use of a reduction clamp, 

a b

  Fig. 5.6    Specifi c instrumentation for tibial plateau reduction. ( a ) Trephine cutter and bone tamp; ( b ) template for corti-
cal window creation       

 

5 Management of Simple Proximal Tibia Fractures (Schatzker Types I–IV)



60

a

b

c

d

  Fig. 5.7    Arthroscopically assisted reduction and fi xation 
of tibial plateau fractures. ( a ) Anteromedial incision 
(approximately 10 cm distal to the articular surface); ( b ) 

template for cortical window creation; ( c ) cortical window 
creation with the oscillating saw; ( d ) window after 
removal of the cortex       

a b

  Fig. 5.8    Arthroscopically assisted reduction and fi xation of tibial plateau fractures. ( a ) Trephine cutter placed 1 cm 
under the depressed fragment with the image intensifi er; ( b ) bone tamp to reduce the depressed fragment       
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under direct visualization and image intensifi er 
control. Temporary fi xation is achieved with K 
wires. An L (or T)-shaped contoured 4.5 mm 
 locking plate is used for fi nal fi xation (Fig.  5.2 ).   

5.8     Postoperative Regimen 

 Immediate active motion 0–90° is allowed in a 
hinged knee brace. The brace is removed after 
8 weeks and partial (or toe touch) weight bearing 
allowed after 8 weeks. Full weight is permitted 
3 months after surgery.  

5.9     Complications 

 The most common complications include [ 4 ]:

•    Post-traumatic arthritis (26 %)  
•   Reduced range of motion (10 %)  
•   Loss of correction of more than 4 mm (1.5 %) 

and post-traumatic malalignment  
•   Deep infection (0.5 %)  
•   Deep venous thrombosis (0.3 %)  
•   Compartment syndrome (0.2 %)  
•   Peroneal nerve neuropraxia     

5.10     Results 

 In a recent systematic review (19 articles, 609 
patients), Chen et al. described that 90.5 % of the 
patients had classifi cations of good or excellent 

clinical scores (Rasmussen score) and 90.9 % of 
the patients were satisfi ed with ARIF [ 4 ]. The 
authors concluded that ARIF is a reliable, effec-
tive, and safe method for the treatment of tibial 
plateau fractures. 

 No prospective randomized controlled studies 
comparing the clinical results of ARIF and ORIF 
are available. Only three retrospective studies 
(level III) comparing ARIF and ORIF [ 7 – 9 ] were 
published. 

 Dall’Oca et al. [ 8 ] compared 50 patients with 
tibial plateau fractures treated with ARIF with 50 
patients treated with ORIF. The authors suggested 
that there were no differences between the two 
techniques for the treatment of Schatzker type I 
fractures. In the case of Schatzker type II, III, and 
IV fractures, the clinical outcomes were slightly 
in favor of ARIF (not statistically signifi cant). 

 Ohdera et al. retrospectively evaluated 28 
patients treated for tibial plateau fractures (19 
ARIF and 9 ORIF). There was no signifi cant dif-
ference between the groups in terms of duration 
of operation, postoperative fl exion, and clinical 
results. In the ARIF group, however, the postop-
erative rehabilitation was easier and faster. 
Furthermore, 16 of 19 patients (84 %) in the ARIF 
group obtained an anatomical reduction (defi ned 
as <2 mm of residual displacement after surgery), 
whereas in the ORIF group, only 5 out of 9 
patients (55 %) had an anatomical reduction [ 7 ]. 

 Fowble et al. evaluated 23 patients with tibial 
plateau fractures (compression or split compres-
sion). Twelve patients were treated with ARIF 
and 11 with ORIF. In the ARIF group, all reduc-

a b  Fig. 5.9    
Arthroscopically 
assisted reduction and 
fi xation of tibial plateau 
fractures. ( a ) 
Arthroscopic image 
before fracture 
reduction; ( b ) 
arthroscopic image 
after fracture reduction       
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tions were anatomic, whereas only 6 (55 %) of 
the ORIF patients had anatomical reductions ini-
tially. Faster recovery and earlier weight bearing 
were also noted for the ARIF group, compared 
with ORIF [ 9 ]. 

 Studies with larger sample sizes and higher 
level of evidence are required to defi nitely assess 
a gold standard in the treatment of type I to IV 
Schatzker fractures.     
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      Management of Complex Proximal 
Tibia Fractures (Schatzker Types V 
and VI)                     

     Jodi     Siegel       and     Paul     Tornetta     III     

    Abstract  

  Complex tibial plateau fractures are challenging to manage successfully 
due to both the fracture and the associated soft tissue injury. Restoring 
length and alignment while avoiding complications is the goal of treat-
ment. Meticulous soft tissue management and thoughtful surgical decision- 
making can result in good functional outcomes. Understanding the 
pathoanatomy of the fracture is important for selecting the method of fi xa-
tion that will maintain the reduction until union.  

6.1       Introduction 

 Tibial plateau fractures are injuries to the proxi-
mal tibia that include fractures of the articular 
surface. They represent a large spectrum of inju-
ries in both complexity and severity. Successful 
management requires restoring the bony anatomy 
while respecting the surrounding soft tissues. 
Complex fractures typically include bicondylar 
fractures, metaphyseal-diaphyseal dissociations, 
and fracture-dislocation patterns.  

6.2     Epidemiology 

 Complex tibial plateau fractures occur in two 
major groups of patients. The high-energy inju-
ries typically present in the younger population 
and are more common in males than females. The 
lower-energy fractures, which are not necessarily 
less complex fractures, frequently occur in the 
older population, commonly females, and are 
often thought of as insuffi ciency fractures.  

6.3     Traumatic Mechanism 

 High-energy fractures are often the result of 
motor vehicle crashes, falls from height, or 
pedestrian-struck injuries. These fractures are 
typically associated with more severe soft tis-
sue damage and have a higher rate of neurovas-
cular injuries, compartment syndrome, and 
open fractures than their lower energy counter-
parts. Lower-energy fractures result commonly 
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after simple falls in patients with osteopenic 
bone. 

 The magnitude, type, and direction of the 
force that injures the knee dictate the fracture 
pattern. Direct valgus force placed on the knee 
can result in the more simple plateau fracture 
patterns. Axial load is likely the primary force for 
the complex patterns with any associated valgus 
moment contributing to lateral impaction. Medial 
fractures and fracture-dislocations result from 
shearing forces often thought to occur when the 
knee is fl exed, in varus, and then internally 
rotated. Bumper injuries from direct impact to 
the proximal tibia can result in separation of the 
condyles from the shaft and then extension into 
the joint. Although the articular component of 
these patterns may be simple, the soft tissue 
injury may be more severe.  

6.4     Clinical Examination 

 Given the high rate of associated injuries, all 
patients who present with complex tibial plateau 
fractures should be examined for other associ-
ated orthopedic injuries. The mechanism of 
injury will assist with the clinical concerns 
regarding other injuries as well as the soft tissue 
injury about the knee and leg. Open wounds and 
fracture blisters affect the timing of surgical 
interventions and sometimes the surgical 
approach. The distal neurovascular examination 
must be meticulous despite often being diffi cult 
to obtain. A careful initial evaluation for tense 
compartments, pain with passive stretch, or 
altered distal pulses should be followed by repeat 
examinations in patients with fracture patterns 
associated with neurovascular injury or compart-
ment syndrome [ 1 ]. Patients who require span-
ning external fi xation must continue to be 
monitored for compartment syndrome after 
length is restored to the fracture as this may 
increase compartment pressures. Coronal plane 
instability is less subtle with complex fractures 
as these often require temporary external fi xa-
tion to provide enough stability to allow for soft 
tissue healing and fracture reduction prior to 
defi nitive treatment.  

6.5     Imaging and Preoperative 
Work-Up 

 To fully radiographically evaluate patients with 
high-energy bicondylar fractures, the principles 
of the joint above and the joint below should be 
followed. Additionally, femur fi lms are especially 
necessary if a spanning external fi xator is going 
to be used. At the minimum, orthogonal knee and 
tibia radiographs are required. Medial and lateral 
obliques and 10° caudal joint view plain fi lms 
may obviate the need for a CT scan. In complex 
fractures or those in which further imaging is 
needed to defi ne the fracture lines or the joint 
involvement for adequate preoperative planning, 
a CT scan should be obtained. Traction images 
obtained after spanning external fi xation are 
typically more helpful in defi ning the 
pathoanatomy and are preferred by most 
surgeons. Therefore, if the initial images reveal a 
shortened or dislocated fracture, it is benefi cial to 
wait until after a spanning external fi xator is on to 
perform the advanced imaging studies.  

6.6     Classifi cation 

 Classically tibial plateau fractures are described 
with words describing the fracture lines and 
pattern. This is a useful practice since the fracture 
pattern dictates the treatment plan and these 
terms are well recognized by most surgeons. A 
commonly recognized and perhaps most widely 
used system that employs this technique is the 
Schatzker classifi cation [ 2 ]. Although generally 
accepted as useful for the fi rst three fracture 
types, problems exist when trying to classify 
fractures as type 4, 5, or 6. Medial fractures are 
considered type 4; however, there are several 
patterns of medial fractures and these cannot be 
delineated by Schatzker [ 3 ]. In particular, the 
“total condylar fracture-dislocation” pattern that 
leaves a portion of the lateral joint intact with the 
medial condyle and attached tibia dislocated is 
frequently misclassifi ed as a Schatzker type 4, 
despite this pattern not appearing in the 
descriptive series. Type 5 fractures were 
originally described as medial and lateral condyle 
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fractures with the intercondylar spines left intact, 
a pattern that rarely, if ever, can actually occur. 
More commonly, the medial condyle is a partial 
injury and the fracture should be classifi ed as a 
variant of a fracture-dislocation. Type 6 fractures 
indicate metadiaphyseal dissociation and an 
articular component. Given the diffi culty with the 
description of a type 5, many fractures are classi-
fi ed as type 6 because both condyles are frac-
tured; however the metaphysis is not fractured 
from the diaphysis. 

 The OTA/AO alphanumeric system, 
commonly used for research purposes, is easily 
applied in this area of the body. A-type fractures 
are nonarticular and therefore technically not 
tibial plateau fractures. The partial B-type 
fractures can occur medially or laterally and are 
further characterized as simple split, articular 
depression, or split depression. The complete 
articular C-type fractures are further described 
based on level of complexity accounting for 
comminution of the joint or metaphysis. The 
fracture-dislocation pattern is not specifi cally 
described in this system either. 

 Given these issues with classifying tibial 
plateau fractures, most surgeons simply rely on 
describing the pattern, the fracture fragments, the 
presence of dislocation, and the level of 
comminution at the joint and the metaphysis. 
Familiarity with the classifi cations allows 
accurate use of the descriptive terminology and 
ultimately effective communication. This practice 
allows for the selection of surgical approaches 
and fi xation methods.  

6.7     Indications 

 The treatment goals in caring for patients with 
tibial plateau fractures are to restore alignment 
and to avoid complications. The protective nature 
of the meniscus makes the articular surface of the 
proximal tibia relatively resistant to posttraumatic 
arthrosis [ 4 ,  5 ]. Therefore understanding who 
needs surgical management is important as a few 
millimeters of step-off at the joint is not 
automatically a surgical indication as it can be for 
more constrained joints [ 6 ]. 

 The diffi culty in surgical decision-making for 
complex proximal tibia fractures lies in 
determining the optimal way to reduce and 
stabilize the fracture and less in indicating the 
patient for surgery. Unstable fractures in the 
coronal and/or sagittal planes and signifi cant 
metaphyseal malalignment are reliable 
indications. This includes fracture-dislocations, 
metadiaphyseal dissociations, and bicondylar 
fractures. Medical comorbidities may make a 
patient with one of these injuries a nonsurgical 
candidate. Additionally, signifi cant soft tissue 
injury may limit a surgeon’s operative plan, but 
the unstable nature of the injury must still be 
addressed.  

6.8     Timing of Surgical 
Treatment 

 Optimally, tibial plateau fractures should be fi xed 
within 3 weeks of the injury due to ease of reduc-
tion. Low-energy fractures often present with 
minimal soft tissue injury and can safely be inter-
nally stabilized at any time in the fi rst few weeks. 
It is the high-energy fractures that require sound 
decision-making and caution. Any patient who 
presents with an unstable, malaligned, or dislo-
cated proximal tibia fracture and a concerning 
soft tissue envelope, staged fi xation should be 
used. A knee spanning external fi xation can be 
applied to restore length and alignment to the 
limb and allow for the soft tissues to heal. This 
often will take 10 days to 3 weeks to allow for 
swelling to subside and/or fracture blisters to 
resolve and epithelialize. The foot should not be 
included in the frame unless continuous compart-
ment pressures are being monitored so that ankle 
motion and passive stretch can be tested. Once 
skin wrinkles are present in the areas of the skin 
incisions, it is typically safe to proceed.  

6.9     Surgical Techniques 

 Choosing the appropriate surgical approach is the 
next step in successful management. Evaluating 
the radiographs and CT scan will determine the 
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optimal approach. Confi rming that the soft tissue 
envelope in these areas is amenable to an incision is 
imperative. Typically the surgeon’s initial decision 
is whether the fracture patterns warrant both medial 
and lateral fi xation or simply unicondylar plating. 
The fi rst key element in this decision is whether the 
medial condyle is complete or partial and whether 
there is a fracture-dislocation (Fig.  6.1 ).

   If the medial condyle is a partial injury, then it 
is likely a fracture-dislocation pattern and the 
joint must be built from the medial side fi rst, 
necessitating medial fi xation. Similarly, if the 
medial condyle is complete, but there is a dislo-
cation of the lateral side, medial fi xation is 
required as this is a fracture-dislocation pattern. 
The only case in which isolated lateral fi xation is 
reasonable is in a bicondylar fracture in which 
the medial side is complete and there is no 
dislocation present. 

6.9.1     Lateral-Only Fixation 

 Some bicondylar fractures and metadiaphyseal 
fractures can be successfully treated with stiff, lat-
eral fi xed-angle plating only. The key to prevent-
ing fi xation failure and varus collapse is the 
anatomy of the fracture on the medial side. If the 
fracture has a large medial condyle segment and 
cortical contact along the main medial fracture 
line (Fig.  6.2a ), then stable fi xation can be 
achieved with fracture reduction and a lateral 

locked plate. In this example, the patient has a 
large medial condyle fracture and metadiaphyseal 
disassociation (Fig.  6.2b, c ). The surgical plan 
was for an anterolateral approach only. The 
anterolateral incision was carried over the knee. 
The authors prefer a straight incision lateral to the 
tubercle instead of a hockey stick or a lazy S inci-
sion. The IT band and anterior compartment fas-
cia are divided in line with the skin incision and 
the anterior compartment musculature is elevated 
off the proximal tibia. A submeniscal arthrotomy 
is performed and the lateral meniscus is identi-
fi ed, tagged, and inspected for tears. In this 
patient, the lateral meniscus was torn and found in 
the depressed segment. It was reduced to its native 
location and later would be repaired tying it down 
through the IT band. Elevation of the meniscus 
allows for visualization of the joint surface. The 
anterolateral fracture fragment is booked open. 
The metadiaphyseal component of the fracture is 
reduced fi rst and held with percutaneously placed 
clamps and then lag screws (Fig.  6.2d, e ). Then 
the joint surface is elevated and held reduced with 
Kirschner wires (K-wires). Allograft is packed 
into the defect to support the reduced joint. The 
cortical anterolateral fragment is reduced into its 
fracture bed and held reduced with bone holding 
forceps and K-wires. A lateral locked plate was 
slid submuscularly. Bicortical screws were placed 
in the shaft and locked screws were placed in the 
metaphysis (Fig.  6.2f, g ). The medial column is 
aligned and together with the fi xed-angle device 
allowed the patient to unite without varus 
collapse.

6.9.2        Medial and Lateral Fixation 

 Some bicondylar fractures include a large medial 
fragment in which the joint is otherwise intact 
and a more traditional lateral cortical disruption 
with joint impaction (Fig.  6.3a–c ). An alternative 
approach to using a stiff lateral plate only, which 
may result in prominent hardware that is either 
painful later or diffi cult to cover, is to dual plate 
through two incisions with thinner, more fl exible 
implants. Dual plating previously was associated 
with soft tissue complications, but most of those 

  Fig. 6.1    Decision-making algorithm for bicondylar tibial 
plateau fractures and fracture-dislocations       
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issues were done through a single incision [ 7 ]. 
Using a more soft tissue-friendly approach and 
thinner plates is another option to provide 
adequate fi xation (Fig.  6.3d, e ). Dual plating is 
almost always an option and many surgeons have 
moved completely away from thick lateral plates 
to avoid hardware irritation. The use of a thin 
medial plate to restore axial support transforms a 
type C injury to a type B partial articular injury 
and allows thin plating laterally. Medial and 
posteromedial plates can be easily placed though 
a small incision with minimal soft tissue 

disruption, which makes this method attractive. 
The only contraindication is a comminuted 
metaphysis although a longer plate can be slid 
percutaneously down the tibia shaft to span these 
areas.

6.9.3        Posteromedial and Lateral 
Fixation 

 Most fracture-dislocation bicondylar fractures 
are associated with a posteromedial fragment 

  Fig. 6.2    Bicondylar metadiaphyseal tibial plateau frac-
ture in a temporizing knee spanning external fi xator ( a ) 
with CT scan cuts better defi ning the fractures ( b ,  c ). The 
patient underwent ORIF fi rst by clamping the medial seg-

ment ( d ), stabilizing with lag screws and then reducing 
the lateral joint and holding with K-wires and then raft 
screws ( e ). Defi nitive internal fi xation with a rigid lateral 
locking plate ( f ,  g )         

a b

c
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(Fig.  6.4a, b ). These fragments are typically too 
small, too short, and/or too posterior to be cap-
tured by the screws from a lateral locking plate. 
Additionally, the shearing forces on that area of 
the plateau cannot be adequately neutralized with 
lateral-only fi xation, and these patterns fail into 
varus (Fig.  6.5 ). Therefore, posteromedial anti-
glide plating is necessary to maintain alignment 

of the tibia and a reduction of the dislocation. The 
authors prefer to position the patient supine on a 
bump under the uninjured hip but prone position-
ing can also be used. The benefi t of supine posi-
tioning is that the surgeon can simultaneously 
work both medially and laterally if necessary. An 
incision is made over the posteromedial border of 
the proximal tibia, anterior to the medial 

d e
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  Fig. 6.3    Anteroposterior, lateral, external rotation 
oblique radiographs of a bicondylar fracture with a large 
medial segment but no metadiaphyseal dissociation ( a – c ). 

Soft tissue-friendly, thin, fl exible plates were placed 
through two incisions to stabilize the fracture ( d ,  e )         

a b

c

d
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 gastrocnemius muscle belly. The saphenous 
nerve and vein are protected during subcutaneous 
dissection. The deep interval is between the 
medial head of the gastrocnemius and the poste-
rior border of the pes anserinus tendons. The 
 posteromedial fracture fragment is often found in 
this interval. However, the fracture may interrupt 
the pes insertion, and in that situation, the dissec-
tion can be subperiosteal at the level of the frac-
ture site with anterior and posterior elevation of 
the pes in both directions. This can be done with 
impunity.

    After mobilizing and debriding any soft tis-
sues and hematoma from the fracture, this frac-
ture is reduced. If the injury is a fracture- dislocation 
and signifi cantly displaced, the fracture can be 
diffi cult to reduce. A large periarticular reduction 
clamp can be placed medially through a poke 
hole onto the medial femoral condyle and later-
ally onto the lateral plateau to reduce the dislo-
cated lateral joint and assist with overall 

alignment (Fig.  6.4c ) [ 8 ]. Then an anterior-to-
posterior Weber pointed bone tenaculum (the 
anterior tine typically placed through a poke hole 
anteriorly) will complete the anatomic reduction 
(Fig.  6.4d ). Fluoroscopy is often necessary to 
confi rm that the medial joint is reduced as the 
very common anteromedial fragment is often 
tilted and must be reduced before the posterome-
dial plate is applied. The reduction can be directly 
visualized at the articular surface by extending 
the incision a small amount proximally allowing 
for a small submeniscal release at the fracture 
site. This can be quite helpful if even the oblique 
fl uoroscopy images do not show the joint well. 
While working on the medial side, always take 
care not to interfere with any future necessary 
work needed on the lateral side. 

 Lateral fi xation in these types of bicondylar 
fractures is determined by the lateral pathology 
and should be individualized. In patients whose 
fractures require dual plating, thin implants can 
be used laterally and are easily covered during 
the soft tissue closure (Fig.  6.4e, f ). The pathoa-
natomy is typically similar as described above. In 
some cases, the lateral cortex is not violated but 
the lateral joint is depressed. The surgeon must 
decide if the joint injury is severe enough to cre-
ate instability and should be reduced and then 
how this area can be accessed. In the majority of 
cases, once the medial side is reduced and fi xed, 
the lateral side is addressed as a standard lateral 
split depression fracture. 

 The one notable exception to this is the medial 
fracture-dislocation with impaction on the lateral 
side. This is a particular pattern as the lateral joint 
injury is medial from the lateral escape of the 
joint impinging the medial tibial surface on the 
femoral condyle as opposed to the typical lateral 
or central impaction seen with valgus injuries. 
An example of this is seen in Fig.  6.6a–d . Access 
to the central portion of the lateral joint may be 
limited as the lateral cortex may not be fractured. 
Additionally, as the impaction is located more 
medially, it is also less important to the survivor-
ship of the joint which is peripherally loaded. In 
this situation, the lateral articular fragment may 
often be reduced from the medial side through 
the fracture site. In this case, it was pinned tem-

e
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  Fig. 6.4    Bicondylar fracture-dislocation plain radiographs 
showing the large posteromedial fragment, the lateral joint 
impaction, and the dislocated lateral joint ( a ,  b ). 
Intraoperative fl uoroscopic image of a percutaneously 

placed large reduction forceps used to reduce the dislocation 
( c ). Then a Weber clamp is placed to reduce the posterome-
dial fragment ( d ). The injury is stabilized with a posterome-
dial antiglide plate and a lateral buttress plate ( e ,  f )         

a

c
d

b 
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porarily with K-wires and then stabilized with a 
screw placed medially through the antiglide plate 
for the medial fracture. An additional percutane-
ous lag screw from the lateral side was later 
added.

6.10         Postoperative Regimen 

 After surgery, the patients are admitted to the 
hospital in order to be observed for development 
of compartment syndrome. Deep venous throm-
bosis prophylaxis is started the day after surgery. 
Passive range of motion is started immediately if 
there is no concern for the soft tissues. Since 
avoiding complications is paramount to a suc-
cessful outcome and the soft tissue envelope can 
be unforgiving after a severe injury and surgery, 
if there are any concerns for the wound, the 
authors will immobilize the knee in full exten-
sion. The authors prefer full knee extension as 
opposed to 30° of fl exion to avoid any possibility 
of losing terminal knee extension, which is more 

diffi cult to regain later than knee fl exion. 
Typically at 2–3 weeks postoperatively, the 
wound is healed and knee range of motion ther-
apy is begun in a hinged brace. Given that most 
of these injuries are unstable in the coronal plane, 
the authors prefer a hinged brace to protect the 
repair. 

 Patients are maintained non-weight bearing 
for 12 weeks. With radiographic evidence of 
healing at that point, patients are allowed to 
advance their weight bearing as tolerated and can 
begin strengthening exercises. The brace is also 
discontinued at this point. Impact activities are 
limited until the patient has regained strength and 
conditioning in the extremity.  

6.11     Complications 

 Avoiding complications is paramount to good 
outcomes in the treatment of severe tibial plateau 
fractures. Although recognizing the signifi cance 
of the soft tissue injury has led to staged fi xation, 

e f
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two incisions for dual plating, and careful 
 handling of the soft tissues, the deep infection 
rates are still reported as 8.4–22 % [ 9 – 13 ]. Despite 
smaller incisions and minimally invasive tech-
niques, deep infections are still diffi cult to resolve 
and require formal irrigation and debridement in 
the operating room, wounds left open to heal by 
secondary intentions, and hopes of infection sup-
pression until the bone heals. Delaying hardware 
removal until after union is not always possible if 
the infection is aggressive. Tissue defects may 
require fl ap coverage, bony resection, and ulti-
mately amputation. 

 Nonunion after tibial plateau fracture is rare. 
Infection must be excluded prior to attempts at 

treatment. Deformity correction must be included 
in the surgical planning. In a small series, union 
was achieved in four of fi ve patients with 120° of 
knee motion but arthrosis is common [ 14 ]. 
Malunion is more common and likely contributes 
to arthrosis due to the alteration of joint contact 
forces. 

 Knee stiffness is often discussed but less com-
mon than expected despite temporizing knee 
joint spanning external fi xation with even 6 
weeks of knee spanning external fi xation reported 
to have satisfactory motion outcomes [ 15 ]. Egol 
reported fi nal knee range of motion of 1–106° 
after a staged protocol [ 12 ]. At 1-year follow-up, 
Rademakers reported an average range of motion 
of 130° (range 10–145°) [ 16 ]. 

 Given the subcutaneous nature of the bone 
proximally, the triangular shape of the tibia, the 
thicker design of locking plates, and attempts to 
minimize surgical dissection, prominent hard-
ware is common. Removal of the hardware can 
also result in unanticipated issues with cross- 
threading, stripped screw heads, and cold weld-
ing. The incidence and severity of these problems 
are unknown but are worth considering when 
deciding between a thicker, rigid plate and two 
incisions.  

6.12     Results 

 The protective nature of the meniscus makes the 
articular surface of the proximal tibia relatively 
resistant to posttraumatic arthrosis [ 4 ,  5 ]. 
Nonetheless, the goals of surgery are to restore 
articular congruity and maintain alignment. 
Controversy exists as to which of these elements 
is more important. Outcome studies are varied 
and diffi cult to compare since many different 
knee scores are used and numerous secondary 
outcome measures are reported. 

 Bicondylar fractures with medial tilt and 
medial condyle fractures had worse outcomes in 
one study, with varus malalignment less tolerated 
than valgus [ 17 ]. The same authors reported that 
meniscectomy and malalignment correlated with 
arthrosis but articular step-off did not. Rademakers 
reported 31 % of his patients  developed arthritis, 

  Fig. 6.5    Varus collapse of a metadiaphyseal fracture 
fi xed with a rigid laterally based locking plate       
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a

c

d

b

  Fig. 6.6    Bicondylar fracture-dislocation in which the lat-
eral cortex is intact but the medial portion of the lateral 
joint is depressed ( a ). The dislocation was reduced with a 
percutaneously placed clamp and the lateral joint surface 

was elevated through the medial fracture line ( b ). The 
medial side was stabilized with a posteromedial plate and 
the lateral joint was supported with medial and lateral raft 
screws ( c ,  d )       
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which was well tolerated in 64 % at an average 
follow-up of 14 years. Patients with malalignment 
of more than 5° were more likely to develop 
arthritis than those with an anatomically aligned 
knee axis [ 16 ].     
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    Abstract  

  Fifty percent of tibial plateau fractures occur in adult older than 50 years 
old, with 8–24 % of those occurring in elderly patients. The gold standard 
 treatment for these fractures in young patients is open reduction and inter-
nal fi xation (ORIF). However, because of poor bone quality, soft tissue 
impairment, and complications related to immobilization, ORIF in the 
elderly are associated to a high complication rate. For this reason, some 
authors proposed early total knee arthroplasty (TKA) to treat tibial plateau 
fractures in elderly patients affected by prior osteoarthritis. Surgeons 
approaching this surgery should be aware that the outcomes are inferior 
compared to elective TKA. Furthermore, the complication rate following 
TKA in tibial plateau fractures are more similar to revision TKA than 
primary TKA. For these reasons, early arthroplasty in proximal tibial frac-
tures should be reserved to elderly patients affected by prior osteoarthritis, 
who do not comply with the restricted weight-bearing postoperative pro-
tocol in order to avoid further surgery. There are few reports on literature 
reporting on the outcomes of early TKA in tibial plateau fractures, with 
small records and short follow-up. However, the authors agree in defi ning 
this procedure as a valid option in these patients. 

 This chapter reviewed indications, surgical techniques, and outcomes 
of TKA to treat acute tibial plateau fracture.  
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7.1       Introduction 

 The annual incidence of tibial plateau fracture is 
13.3 per 100,000 adult patients. Approximately 
half of these fractures occur in patient older than 
50 years old, with 8–24 % occurring in the elderly 
population [ 6 ]. Open reduction and internal fi xa-
tion (ORIF) is often the treatment of choice in 
young patients [ 10 ]. Some authors underlined the 
diffi culties to obtain a stable fi xation, as well as the 
higher risk of losing reduction in elderly patients 
treated with ORIF [ 8 ]. Furthermore there is a con-
cern regarding the risk of wound healing conse-
quent to the soft tissue stripping needed for ORIF 
as well as the poor compliance to the restriction in 
weight-bearing often necessary after fracture fi xa-
tion [ 20 ]. Some authors described an unacceptable 
failure rate (79 %) and unsatisfactory results for 
ORIF in elderly patients [ 1 ]. For these reasons 
there is still a concern about treating tibial plateau 
fractures in elderly patients using ORIF [ 4 ]. 

 The main complications reported in the litera-
ture for ORIF in tibial plateau fractures are loss 
of correction, post-traumatic arthritis requiring 
subsequent total knee arthroplasty (TKA), mal-
union or nonunion, stiffness, and medical comor-
bidities secondary to the immobilization. 
Secondary TKA in patients with previous tibial 
plateau fracture may be challenging because of 
ligament imbalance, extensor mechanism scars, 
patellar maltracking, and lower limb deformity. 
Different authors reported higher complication 
and reoperation rates in patients who underwent 
secondary TKA with a prior tibial plateau frac-
ture compared with primary TKA [ 26 ,  27 ]. 

 All these data, associated to the higher risk of 
complication derived from the immobilization in 
elderly, led several authors to propose TKA in the 
acute treatment of tibial plateau fractures in this 
population [ 3 ,  4 ,  9 ,  11 ,  12 ,  14 ,  24 ].  

7.2     Indications 

 Total knee arthroplasty (TKA) may be an option 
in elderly patients with tibial plateau fractures 
and previous osteoarthritis. The main advan-
tage of TKA compared to ORIF is the early 
mobilization, which can be fundamental in 
elderly patients. However, there is still a con-
cern regarding mechanical failure, loosening, 
and periprosthetic fractures, so this treatment 
should be reserved to elderly sedentary patients 
[ 16 ]. A relative contraindication to primary 
TKA to treat tibial plateau fracture is the avul-
sion of the tibial tubercle, because of the high 
rate of nonunion that is really challenging to 
manage [ 4 ,  19 ]. 

 In conclusion, surgeons should consider pri-
mary TKA in tibial plateau fractures for elderly 
sedentary patients, affected by preexisting 
arthritis, with diffi culties to comply with 
restricted weight-bearing and with comminuted 
type C intra-articular fractures and in the 
patients where a second surgery is contraindi-
cated [ 3 ] (Table  7.1 ).

   Table 7.1    Summary of indication and contraindication 
to primary TKA in tibial plateau fractures   

 Indication 
 Relative 
contraindication 

 Elderly patients  Young patients 

 Preexisting osteoarthritis  Tibial tubercle 
avulsion 

 Comminuted type C 
intra-articular fractures 

 Extra-articular 
fractures 

 Patients in which is preferable 
to avoid: 
   Immobilization (high 

complication risk) 
   Secondary procedures 
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7.3        Imaging and Preoperative 
Work-Up 

 Accurate preoperative planning is mandatory in 
TKA [ 18 ]. In acute trauma, the planning cannot be 
as accurate as in elective TKA, because there are 
no weight-bearing X-rays to evaluate the radiologi-
cal alignment. Anteroposterior and lateral X-rays 
at rest are mandatory to evaluate the amount of 
femoral resection, posterior osteophytes together 
with patellar height, and tracking. Computed 
tomography (CT) scan is useful to classify the frac-
ture morphology and to identify the amount of 
bone loss [ 5 ]. Furthermore, it is necessary to plan 
the steps of the surgery, as in ORIF. Figure  7.1  
shows preoperative X-rays and CT scan of an 
80-year-old female with tibial plateau fracture.

   Clinical evaluation is fundamental. First of all, 
the soft tissue quality should be evaluated; pri-
mary TKA should not be performed if inadequate 
soft tissue covering is anticipated. Furthermore 
ligamentous stability should be checked, accord-
ing with the fracture morphology, to decide the 
grade of constraint needed, and this should be 
planned preoperatively [ 3 ].  

7.4     Implant Selection 

 The fi rst problem the surgeon has to face 
approaching a primary TKA in proximal tibial 
plateau fracture is the grade of constraint to use. 
The minimum amount of constraint needed to 
achieve knee stability should be chosen, mini-
mizing the risk of loosening. The same principles 
used in revision TKA can be applied to TKA in 
tibial plateau fracture [ 3 ,  4 ].  

7.5     Surgical Technique 

 Surgical technique for TKA in tibial plateau frac-
ture is a little bit different compared to elective 
TKA. Nevertheless, the basic principles normally 
used in elective TKA, such as gap balancing, are 
applicable also in these patients. For some crucial 
points, such as use of longer stem for the treat-
ment of bone losses, the same principle used in 
revision TKA can be applied. 

 The surgeon should plan the incision 
accurately, to enable the addition of any internal 
fi xation. A midline incision, as well as in elective 

a b

  Fig. 7.1    Right knee X-rays ( a ) and CT scan ( b ) showing a tibial plateau fracture in an 80-year-old female patient       
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TKA, is often the best choice for this purpose 
[ 3 ,  4 ,  11 ]. The surgery continues with a medial 
para- patellar arthrotomy, to expose the joint; seri-
ous attention should be paid to the patellar ten-
don, to avoid avulsion. Once the joint is exposed, 
the fracture should be evaluated. 

 Surgeon can use the “three-step technique” 
introduced by Vince for revision TKA [ 25 ]. The 
fi rst step is the restoration of the tibial platform, 
then the stabilization of the knee in fl exion, with 
evaluation of femoral rotation and joint line height, 
and, lastly, the stabilization of the knee in exten-
sion. The joint line restoration and evaluation of 
component rotation, both on femoral and tibial 
side, can be more challenging compared to elec-
tive TKA, particularly in patients with major bone 
loss. Temporary fracture reduction and fi xation 
using K-wires may be useful in identifying the 
standard anatomical landmarks to asses both com-
ponent rotation and joint line height. Other land-
marks, such as the tip of the fi bula or the inferior 
pole of the patella, can be used, as well as in revi-
sion TKA [ 14 ,  25 ]. Once the anatomy is  partially 
reestablished, the tibial cut can be  performed, tak-
ing care to preserve as much bone as possible. 

During the cuts, temporary fi xation can be used to 
stabilize the fracture. Some authors suggested to 
use intramedullary alignment guide on both the 
femoral and tibial side, to simplify the conversion 
to stemmed implants that are often necessary in 
these patients [ 3 ,  4 ]. During restoration of the tib-
ial platform, the authors have to face with bone 
loss and the need of stems. Different authors 
 suggested using uncemented stems on the tibial 
side to obtain a diaphyseal fi xation in case of bone 
defects. When the fracture extends over the 
metaphyseal-diaphyseal junction or in the diaphy-
seal portion of the tibia, some authors suggested 
using longer stem to bypass the fracture and obtain 
a kind of intramedullary fi xation [ 9 ]. However, 
there is some agreement in literature in using 
 longer tibial stems in type C intra-articular 
 comminuted fracture involving the metaphyseal 
portion of the tibia and in associating higher 
 constrained implants. In cases of simple split-
depression fracture treated with TKA, a standard 
implant can be used [ 24 ]. Figure  7.2  shows the 
postoperative X-rays (anteroposterior and lateral 
view) of an 80-year-old female with tibial plateau 
fracture treated with stemmed rotating hinge TKA.

  Fig. 7.2    Postoperative 
X-rays (anteroposterior and 
lateral views) of an 80-year- 
old female with right tibial 
plateau fracture treated with 
rotating hinge TKA with 
stems       
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   In approaching TKA for tibial plateau frac-
tures in elderly, treatment of bone defects is often 
challenging. The same principles used for revi-
sion TKA should be applied. The bone defect 
should be fi rst classifi ed according to the 
Anderson Orthopaedic Research Institute (AORI) 
classifi cation [ 7 ]. In this classifi cation, the femur 
(F) and tibial (T) side are considered separately. 
Type 1 defects do not affect the metaphyseal por-
tion and do not affect knee stability; in type 2 
defects the metaphyseal bone is damaged and one 
condyle is involved. In type 3 defects the metaph-
yseal portion is reabsorbed with involvement of 
both the condyles. Different options are available 
to manage bone defects, including cement, 
cement with screw augmentation, modular metal-
lic wedges, bone autograft or allograft, sleeves, 
cone-shape augments, and custom-made prosthe-
ses. In AORI type I defects, some authors sug-
gested to fi ll bone loss (< than 5 mm in depth and 
width) using cement [ 17 ,  23 ]. In case of mild 
contained or uncontained defects >5 mm but 
<10 mm, cement with screws is indicated, to bet-
ter distribute the load away from the joint line. 
Five or 6.5 mm screws should be placed 5–10 mm 
apart. Some authors suggested using bone graft 
when the cement mantle below the tibial plateau 
is >5 mm thick [ 17 ,  21 ]. In type 2 defects, cement 
is not suffi cient to restore the platform. Impacted 
morcellized bone grafts are indicated in con-
tained defects larger than 10 mm or uncontained 
defects <50 % of the tibial plateau, without 
involvement of the cortical bone [ 22 ]. Metal aug-
ments can be useful in treating these defects and 
are normally indicated in cases or more than 
50 % of plateau involvement. However, these 
augments can manage bone defects only up to 
20 mm in depth because of the loosening risk 
[ 15 ]. In type III defects, structural allografts are 
indicated for segmental defects smaller than 
15 mm for the femur and greater than 20–45 mm 
for the tibia [ 2 ]. To fi ll these defects, also tanta-
lum cones or metallic sleeves can be used [ 9 ]. 

 The second step of the surgery is to restore the 
knee balance in fl exion, choosing the right femo-
ral component size and rotation and establishing 
the correct joint line height. The same rules of 
revision TKA should be applied to this step: bone 

loss should not be considered in order not to 
undersize the component. The contralateral knee 
may be useful to choose the component size and 
to avoid too large fl exion gaps [ 25 ]. Some authors 
suggested avoiding femoral stems if possible, 
mostly in patients with ipsilateral hip arthro-
plasty, because of the increased risk of peripros-
thetic fractures [ 24 ]. To assess the femoral 
component rotation and the correct joint line 
height, different anatomic landmarks can be use-
ful, such as the trans- epicondylar axis and 
epicondyle. 

 Once the component size and rotation are 
established, and the correct joint line is achieved, 
the third phase is to restore the knee stability in 
extension. The surgeon should remember to 
avoid increasing polyethylene thickness to 
stabilize the knee in extension, because of joint 
line alteration. Extension stability should be 
achieved distalizing the femoral component. The 
same principles described in the “three-step 
technique” for revision TKA can be applied also 
to TKA in tibial plateau fracture [ 25 ]. 

 Bohm et al. suggested that fracture fragments 
must be stably fi xed and protected with intramed-
ullary stems to allow early  weight- bearing. 
Furthermore, they proposed an algorithm to treat 
tibial plateau fracture using TKA based on 
Schatzker’s classifi cation. In Schatzker type III 
fractures, with depression of the lateral tibial pla-
teau, the defects can be fi lled with cement if 
smaller than 1 cm or a cancellous bone graft if it 
is larger. In these cases, if there is good circumfer-
ential cortical bone stock, superfi cial prosthesis 
without stems can be used. In presence of uncon-
tained bone defects, tibial augments and stems are 
mandatory to restore the metaphyseal support and 
to guarantee a stable fi xation, in association with 
longer stems. In Schatzker types I, II, and IV, the 
authors suggested using intramedullary fi xation, 
supplemented by internal fi xation if the fragments 
are large enough. Finally Schatzker type V and VI 
involving both condyles, with or without metaph-
yseal extension, are the most demanding to man-
age, and the authors suggested a combination of 
tibial stems and plate fi xation [ 4 ]. 

 In the literature, there is still a debate on rou-
tine patellar replacement in elective TKA. 

7 Primary Total Knee Arthroplasty (TKA) in Tibial Plateau Fractures
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However, patellar replacement seems a reason-
able option in TKA in tibial plateau fracture to 
reduce the risk of further surgeries [ 4 ].  

7.6     Results 

 There are few reports in the literature regarding 
the outcomes of primary TKA in tibial plateau 
fractures. However, despite hip replacement is a 
well-accepted treatment for proximal femoral 
fractures, it is not for TKA in tibial plateau frac-
tures [ 24 ]. 

 Nau et al. were probably the fi rst to report the 
outcomes of TKA in six patients with tibial pla-
teau fractures. In fi ve cases, a rotating hinge 
implant was used. The authors concluded about 
moderate functional outcomes, with an average 
fl exion ranging from 70° to 110° [ 12 ]. 

 One year later Nourissat described the results 
of four patients who underwent the same treat-
ment, with three excellent outcomes. The authors 
concluded that TKA as a primary treatment for 
complex tibial plateau fractures in elderly is an 
acceptable option [ 13 ]. 

 Vermiere et al. described one of the largest 
case series (12 patients). The authors reported 
good clinical outcomes in these patients and con-
cluded that TKA is a suitable option for complex 
tibial plateau fractures in elderly patients affected 
by prior osteoarthritis [ 24 ]. 

 Paratte et al. evaluated 26 patients from differ-
ent centers in Europe. Ten patients were treated 
for distal femoral fractures, while the remaining 
for proximal tibial. The authors described 23 % of 
immediate general complications and 15 % of 
local knee-related complications. With these data 
they concluded that TKA is a suitable option for 
complex distal femoral or proximal tibial fracture 
in elderly patients, but the complication rate is 
higher compared to elective TKA and comparable 
to TKA in post-traumatic arthritis [ 14 ]. 

 Other authors confi rmed these results, 
 concluding that, similarly to hip arthroplasty for 

proximal femoral fractures, primary TKA may be 
an option to treat proximal tibial fractures in 
elderly patients with osteoporosis and/or osteoar-
thritis [ 3 ,  11 ]. 

 There is only one report on the role of naviga-
tion in this procedure. Kini et al. reported their 
results on nine patients (six affected by a lateral 
tibial plateau fractures and three by diaphyseal 
fractures) treated with primary navigated TKAs. 
The authors used a postero- stabilized implant in 
most of the tibial plateau fractures and reserved 
longer stem to the cases with diaphyseal involve-
ment. In this study fi ve patients out of nine were 
graded as excellent [ 9 ]. 

 Table  7.2  shows summaries of these results.

       Conclusion 

 ORIF is the gold standard treatment in proxi-
mal tibial fractures. However, ORIF may be 
challenging in elderly patients due to poor 
bone quality and ligamentous instability. 
Considering the good results achieved in hip 
arthroplasty following proximal femoral frac-
tures, some authors proposed TKA to treat 
fractures around the knee, particularly proxi-
mal tibial fractures. This treatment may be 
reasonable in elderly patients affected by 
complex type C intra- articular proximal tibial 
fractures, due to poor bone quality and high 
complication rates following ORIF. There are 
few reports in the literature describing the 
results of early TKA in tibial plateau fractures, 
with small records and short follow-up. 
However, most of the authors concluded that 
this technique is a safe treatment, with good 
outcomes. However, outcomes are inferior to 
elective TKA and similar to TKA in post-trau-
matic arthritis. 

 In conclusion, TKA in tibial plateau frac-
ture should be reserved to elderly patients 
affected by prior osteoarthritis. Surgeons 
should expect a higher complication rate, 
more similar to revision TKA than to primary 
TKA.     

7 Primary Total Knee Arthroplasty (TKA) in Tibial Plateau Fractures
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      Floating Knee                     

     Qiugen     Wang     ,     Lei     Cao     ,     Jianhong     Wu     ,     Jian     Lin     , 
and     Xiaoxi     Ji        

8.1      Epidemiology 

 Floating knee is the term applied to a fl ail knee 
joint segment resulting from fractures of the shaft 
or adjacent metaphysis of the ipsilateral femur 
and tibia [ 1 ] (Figs.  8.1  and  8.2 ).

    Although the precise incidence of a fl oating knee 
is not known, it is a relatively uncommon injury. 
High-energy trauma is the main cause of this injury 
complex. The incidence seems more frequently in 
developing countries because of increased number 
of automobiles and motorcycles. Young male 
adults, especially in the age range of 20–30 years, 
make the largest proportion of this disease [ 2 ]. 

 The high-energy trauma not only causes 
extensive comminution and displacement of the 
fracture but also leads to severe neurovascular 
injury and soft tissue damage. The stress from 
lateral or anteroposterior can cause disruption of 
ligamentous complex of the knee joint. In addi-
tion, associated life-threatening injuries to the 
head, chest, or abdomen take precedence over 
treatment of the fractures. 

 Vascular damage is quite common due to the 
traction or the oppression of the bone block. 
Arterial lacerations occur in 30 % of the cases, 
mainly to the popliteal and posterior tibial arter-
ies. The incidence of nerve dysfunction is 
approximately 10 %, and the most commonly 
affected nerve is the peroneal nerve, as a result of 
traction injury [ 3 ,  4 ]. 

 The incidence of open fractures is very high, 
approaching 50–70 % at one or both fracture 
sites. The most common combination is a closed 
femoral fracture with an open tibial fracture. The 
medial tibial is located in the subcutaneous and 
therefore is easy to be exposed. 

 The incidence of knee ligament injuries is prob-
ably 30–40 % of the patients [ 5 ,  6 ]. Joint swelling 
and severe pain during physical examination make 
the diagnosis of ligamentous injuries very  diffi cult. 
The relationship between the type of the fracture 
and which ligaments are involved is not clear. 
Associated trauma to the head, chest, abdomen, 
pelvis, and long bones of the contralateral extrem-
ity is common. The reported rate of such injuries 
may be as high as 89 % [ 7 ], underlining the high 
energy of the traumatic mechanism.  

8.2     Traumatic Mechanism 

 High-velocity traffi c accident is the most com-
mon mechanism of trauma (reported up to 97 %), 
followed by a fall from a height [ 8 ]; gunshot 

  8
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Type I Type IIa Type IIb Type IIc

  Fig. 8.1    Fraser’s 
classifi cation       

Type A: diaphyseal closed

Type B: metaphyseal and diaphyseal closed Type D: one fracture open

Open Open

Open

Type E: two fracture open

Type C: epiphyseal and diaphyseal

  Fig. 8.2    Letts and Vincent classifi cation       
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wounds and machine injury are relatively rare 
causes. 

 In motor vehicle collisions, the knees of the 
bikers/cyclists or the car occupants are stroked by 
strong and direct violence, and the knee joints 
lose continuity with both the femur and tibia. The 
isolated joints are unstable and “fl oat,” and some 
residual energy may hurt the hip, the acetabulum, 
or the ankle. Due to the high energy, multiple 
organ injuries and other bone fractures are com-
mon, which makes the injury more complicated 
and diffi cult to handle. 

 The fl oating knee is not common in children 
and is mainly caused when a child cyclist collides 
with a car. It is assumed that during the accident, 
the tibia and fi bula are initially fractured by the 
bumper of the car, and then the femur is fractured 
by the front of the car, while head, chest, or abdo-
men injuries are due to the rolling on the hood 
and falling on the ground. Skin or soft tissue inju-
ries may occur when the limb is compressed by 
the wheels [ 9 ]. 

 Floating knee injury caused by fi rearm is rare 
and has some specifi c features: (1) bone injury is 
serious and complex, the high energy transferred 
from the projectiles and many pieces from differ-
ent directions and angles hit the same location of 
the limb, and can cause severe open comminuted 
fractures and multi-segmental and severely dis-
placed fractures; (2) soft tissue damage is serious 
and wound contamination is common; and (3) the 
high incidence of hemodynamic shock, open 
fractures, severe soft tissue damage, and associ-
ated injuries commonly result in high incidence 
of shock.  

8.3     Clinical Examination 

 The fl oating knee is often a result of high-energy 
trauma and may be associated with life- 
threatening injuries. Fracture patterns are often 
complex with serious injuries of the soft tissues. 
The affected limb is always swollen and defor-
mity is evident. After the fi rst examination, resus-
citation (if necessary), and splinting of the 
affected limb, the patient should be thoroughly 
examined a second time from head to toe to 

exclude associated fractures. Besides bone and 
soft tissue injuries, the patients’ general condi-
tion should be monitored carefully. Vascular 
assessment of the affected limb is of utmost 
importance in detecting any vascular injury by 
assessing the peripheral pulses by palpation or 
Doppler.  

8.4     Imaging and Preoperative 
Work-Up 

8.4.1     Imaging 

 The long-leg x-rays of the affected limb are 
needed in the primary examination. The 
radiography of the unaffected side is helpful for 
the preparation of the preoperative plan. CT scan 
is also helpful to determine the detail of the 
fracture pattern in some severely comminuted 
fractures. 

 The incidence of knee ligament injuries can be 
as high as 53 % in fl oating knee patients [ 3 ,  5 ]. 
Knee ligamentous and meniscal injuries are 
mostly not visible in plain radiographs taken in 
the emergency department and are likely to be 
overlooked by clinicians. So, when the patients’ 
general conditions are stable, MRI of the affected 
knee is recommended. 

 Besides this, radiographs of the chest, pel-
vis, affected lower limb including all its joints, 
and other suspected bony injuries are also 
needed. 

 If vascular injury is suspected, ultrasound and 
angiography are needed. Evaluation of abdominal 
injuries should be performed by clinical 
assessment and ultrasound. If there is suspicion 
of intra-abdominal or cerebral injury, an urgent 
CT scan is indicated.  

8.4.2     Preoperative Work-Up 

 The treatment of fl oating knee should initially 
manage the general conditions of the patients, 
solving the associated life-threatening injuries 
and preventing shock and fat embolism. Saving 
the life is the priority, replenishing the blood 
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 volume and treating the fat embolism syn-
drome. When the general condition is stable, 
the treatment of fracture should be considered: 
(1) In open fractures, initial wound toilet, teta-
nus immunization, and antibiotic therapy 
should be initiated. (2) The surgical timing 
depends on the general condition of the 
patients, and the severity of the associated 
injury, the condition of the local soft tissue and 
blood and nerve injury, the experiences and 
surgical techniques of the surgical team, and 
the condition of the hospital equipments are 
also important. When encountered in the 
elderly, the diminished physiologic reserve and 
preexisting comorbidities may result in a 
higher rate of complication and mortality than 
in young patients. The principle here is to man-
age the patient’s comorbidities (cardiorespira-
tory, renal, etc.) until the patient is fi t to 
undergo surgery [ 10 ,  11 ]. (3) Like some other 
intra- articular fractures, there is no evidence 
that these fractures need to be fi xed defi nitively 
in emergency; however, temporary external 
fi xation of the fracture is advised until the gen-
eral and local conditions of the patient are sta-
ble. This time can be useful to correctly plan 
the surgery. (4) The timing of vascular repair 
and bone stabilization is debated. McHenry 
et al. [ 12 ] found no iatrogenic disruption of the 
vascular repair when bone stabilization fol-
lowed vascular repair. The general consensus 
is that bone stabilization should precede vascu-
lar repair in unstable fractures, while in stable 
fractures, vascular repair should be done fi rst 
to avoid prolonged ischemia to the limb. (5) If 
signifi cant abdominal injuries are detected, 
these take priority over surgical stabilization of 
the fractures.   

8.5     Classifi cation 

     1.     Blake and Mcbryde : 
 “True” or type I injury: pure diaphyseal frac-
ture of the femur and tibia 

 “Variant” or type II: fracture extends into 
the knee, hip, or ankle joint [ 1 ].   

   2.     Fraser’s classifi cation : 
 Most commonly used, according to knee 
involvement
   Type I: extra-articular fractures of femur and 

tibia  
  Type II: divided into three groups:

   IIa: fractures of femoral shaft and tibial 
plateau  

  IIb: fractures of distal femur and shaft of 
the tibia  

  IIc: fractures of distal femur and tibial pla-
teau [ 13 ]         

   3.     Bohn-Durbin classifi cation :
   Type I: double-shaft pattern of fracture  
  Type II: the juxta-articular pattern of fracture  
  Type III: the epiphyseal pattern of fracture [ 14 ]      

   4.     Letts and Vincent classifi cation :    
   Closed fracture:

   Type A: diaphyseal fractures of both bones  
  Type B: metaphyseal fracture of one bone and 

diaphyseal fracture of the other  
  Type C: epiphyseal fracture of one bone and 

diaphyseal fracture of the other     
  Open fracture:

   Type D: only one fracture open  
  Type E: both fractures open [ 9 ]        

8.6     Indications 

8.6.1     Conservative or Operative? 

 Early reports favored nonoperative treatment. 
However, functional results were not satisfactory 
in most of the patients, such as nonunion or mal-
union [ 15 ]. The reasons for the conservative ther-
apy included no available internal fi xation 
techniques to provide the desired stability; the 
incidence of open injuries was high and the disas-
trous results of internal fi xation raised concerns; 
and considering the complex multisystem injury, 
the surgeon preferred life over limb. With 
improved resuscitation techniques and internal 
fi xation devices, more aggressive early stabiliza-
tion of both fractures is recommended. Surgical 
stabilization of both fractures produces the best 
clinical outcomes [ 16 ]. Early stabilization is 
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important to prevent systemic complications in 
polytrauma patients and is facilitated for move-
ment and care [ 17 ]. 

 The surgical method should be individualized 
for each patient. A comprehensive assessment of 
the fracture type, soft tissue condition, surgical 
devices available, the surgeon’s preference, and 
the patient’s general condition is necessary in 
order to make individualized treatment strategies.  

8.6.2     Time to Intervention 

 Early studies showed that defi nitive fi xation 
within 24 h had a positive outcome [ 18 ]. However, 
the associated life-threatening injuries to the 
head, chest, and abdomen should be managed 
fi rst in emergency. Meanwhile soft tissue condi-
tions and neurovascular injury may not be 
ignored. Immediate defi nitive stabilization of 
both fractures is possible but may not be indi-
cated for all patients. The hemodynamically sta-
ble patients may be indicated for defi nitive 
fi xation. Polytrauma patients are unable to 
undergo additional surgical injuries, and damage 
control orthopedics (DCO) should be the treat-
ment of choice [ 19 ,  20 ]. Temporary external fi xa-
tion is a suitable alternative to stabilize the entire 
limb. Internal fi xation can be carried out within a 
week considering the general condition and soft 
tissue status. 

 The absolute indications for immediate ortho-
pedic intervention are open fractures, associated 
with vascular injury or compartment syndrome.  

8.6.3     The Choice for Children 

 The treatment of fl oating knee in children is 
controversial. Most authors suggest operative 
treatment of at least the femoral fracture in 
patients older than 10 years of age [ 21 ]. 
Conservative methods with closed reduction and 
casting or splinting are carried out only for 
younger children. Letts recommended that even 
in younger patients (less than 9 years old) at least 
one fracture must be rigidly fi xed [ 9 ]. Recent 

studies reported that both fractures should be 
treated operatively in all age groups [ 22 ].  

8.6.4     Treatment of Ligament 
Injuries 

 Knee ligaments injury is common. However, 
early diagnosis is diffi cult and the assessment is 
possible only after skeletal stabilization. For pure 
incomplete collateral ligament injury, 
conservative treatment is preferred. Avulsion 
fractures of cruciate ligaments either from femur 
or tibia should be repaired at an early stage, while 
the anterior or posterior cruciate ligament (ACL 
or PCL) reconstruction can be delayed after 
union of the fractures [ 5 ,  6 ].   

8.7     Surgical Technique(s) 
(Anesthesia, Patient 
Positioning, Surgical 
Approach(es), Reduction 
and Fixation Technique(s)) 

8.7.1     Adults 

 Floating knee entails multiple operative sites 
and usually requires along surgical time. 
General anesthesia is usually recommended 
because it is safer and allows for control of the 
patient’s general condition. A sterile tourni-
quet can be applied in some situations when 
dealing with tibia fracture, but in most patients 
it is contraindicated since the femur is also 
involved. 

 Patient positioning depends on the surgical 
plan. Supine position with a pad under the knee 
on a radiolucent table is the most common setup. 
It is suitable for femoral and tibial plating, 
retrograde femoral nailing, tibial nailing, and 
external fi xation. However, when antegrade 
femoral nailing is indicated, traction position is 
required (Fig.  8.3 ). To avoid traction force affect-
ing the defi nite fi xation in tibia, we suggest nail-
ing the femur fi rst with traction and temporary 
external fi xation of the tibia.
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   Reduction is one of the most challenging steps 
of the surgery. The goals of reduction of fl oating 
knee are restoration of the alignment of lower 
limb and anatomic reduction of the articular frag-
ments. To achieve realignment of femur and tibia, 
we recommend various closed reduction tech-
niques, including traction, clamp, half pin, bone 
hook, etc. To achieve anatomic reduction of the 
articular fracture, open reduction under direct 
vision remains the standard method. In terms of 
reduction sequence, there is no defi nite guideline. 
We suggest starting from the simple fracture site 
with preserved landmarks. 

 The decision of reduction strategy and fi xa-
tion pattern should be made cautiously accord-
ing to the characteristic of each individual case. 
For typical “true” fl oating knee, retrograde fem-
oral nail plus tibial nail is usually a good indica-
tion, with fi xation of both bones through a single 
knee incision. This will reduce the surgical time 
(Fig.  8.4 ). Ostrum reported 88 % good or excel-
lent results with a full range of knee motion 
using the above technique [ 23 ]. The femoral 
shaft fracture is addressed fi rst. Stabilization of 
the femur allows for mobilization of the patient 
without traction and adequate fl exion of the 
knee, in order to approach the proximal tibial 
entry point. However, if the femoral fracture 
extends to the proximal third of the shaft, ante-
grade nailing is recommended for the femur 

(Fig.  8.5 ). With simultaneous external fi xation in 
the tibia, the surgical technique of antegrade 
nailing is comparable to isolated femoral frac-
ture. The total surgical time for both femoral and 
tibial fi xation should be under 3 h; if one or both 
fractures are too complex, a staged strategy is 
reasonable. Locking plates provide strong stabil-
ity for metaphyseal fractures and can achieve 
anatomic reduction with or without free com-
pression lag screws. When the fracture involves 
the metaphyseal or articular part, locking plates 
and screws can be applied in this side combined 
with intramedullary nailing in the diaphyseal 
side (Fig.  8.6 ). A minimally invasive approach 
for the locking plates is strongly recommended 
in order to preserve the blood supply. In 21 
patients with fl oating knee injury, Hung et al. 
treated 16 cases of type II or “variant” injury 
with plates and screws [ 24 ]. The authors con-
cluded that when the knee joint is involved, 
intramedullary nailing is not recommended. 
Plate fi xation can offer anatomic reduction of the 
articular surface, allowing for early mobilization 
and maximizing the functional outcome. 
Different fi xation techniques can be combined 
according to the personality of the fracture. 
Commonly intramedullary nailing is combined 
with additional plating for segmental fractures 
involving the metaphysis of the tibia or femur 
(Fig.  8.5 ).

  Fig. 8.3    Traction 
position for femoral 
antegrade 
intramedullary nail 
with external fi xation in 
tibia       
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8.7.2          Children 

 An increasing number of authors noticed the dif-
ferent results of children treated by conservative 

or surgical methods. They suggested rigid 
 stabilization for both femoral and tibia fracture 
in older children (>9 years old) and at least one 
bone  fi xation in younger patients (<9 years old) 

  Fig. 8.4    Retrograde nailing for femoral fracture and nailing for tibial fracture       
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[ 14 ,  25 ,   26 ]. The surgical technique is generally 
similar to adults but with attention to preserve the 
growth plates. Operative treatment options 
include fl exible nails, plates, or external fi xators 
for diaphyseal fractures and crossed K-wires in 
epiphyseal or metaphyseal fractures. Individual 
fracture features should always be taken into con-
sideration, and in some cases different fi xation 
techniques can be combined. For example, for an 
overweight child with closed transverse femoral 
shaft fracture and proximal tibial fracture, we 
chose compressive plating for femoral fracture 
and lateral plate combined with external fi xator 
for the tibia medially to share the stress (Fig.  8.7 ).

8.8         Postoperative Regimen 

 Thromboprophylaxis should be started in all 
patients during the postoperative period. 
Physiotherapy including early range of motion 
(ROM) exercises or continuous passive motion is 
started within 1 week after surgery. Isometric 
 exercises for quadriceps and isotonic for  hamstring 
are allowed as tolerated. For 6 weeks after surgery, 
weight bearing is not allowed. Then weight bear-
ing is progressively increased as femoral and tibial 
calluses become evident. Full weight bearing is 
allowed only after solid continuous callus is evi-
dent on routine follow-up radiographs.  

  Fig. 8.5    The femoral 
fracture site extended to 
upper one third of shaft. 
Antegrade nailing for 
femur and nail with 
additional reduction plate 
for tibial segmental 
fracture       
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8.9     Complications 

8.9.1     Pulmonary Embolism 

 Intramedullary nailing is a widely used method 
for treating the fl oating knee but has a systemic 

physiological effects known as “second-hit phe-
nomena.” This phenomenon results in increased 
chances of pulmonary complications especially in 
polytrauma patients [ 27 ,  28 ]. Canal reaming and 
insertion of the nail liberate medullary fat with the 
risk of pulmonary embolism, which can be 

  Fig. 8.6    Antegrade nailing for femoral segmental fracture and locking plates for tibial metaphyseal fracture       
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 life-threatening because of a fragile respiratory 
state secondary to the initial trauma. 

 Cerebral injury has been found to be associ-
ated with high risk of pulmonary complications. 
Poole et al. [ 29 ] in a comparison study on lower 
extremity fracture fi xation in head-injured 
patient found that surgical stabilization of frac-
tures within 24 h of injury reduced the risk of 
pulmonary complications (fat embolism, pneu-
monia, and adult respiratory distress 
syndrome).  

8.9.2     Delayed Union or Nonunion 

 This complication always results from infection 
or hardware failure. Patients with delayed union/
nonunion need either dynamization of the nail or 
removal of the external fi xator and functional 
bracing of the fracture.  

8.9.3     Amputations 

 This is probably related to the severity of trauma, 
massive soft tissue crushing, and delay in 
presentation at the emergency room.  

8.9.4     Malunion 

 Malunion can occur in open fractures and com-
minuted fractures treated by external fi xation. In 
order to reduce the number of malunions, com-
minution must be addressed accurately by the use 
of lag screws. Ipsilateral nailing of femoral and 
tibial shafts increases the risk of malunion, rota-
tory instability due to shortening, and axial 
malalignment. Braten et al. [ 30 ] and Sojbjerg 
et al. [ 31 ] found this complication in 21 of 110 
patients and 8 of 40 patients, respectively. In 
order to reduce malunion, preliminary alignment 

  Fig. 8.7    An overweight 15-year-old child with mixed fi xation technique. Compressive plate for femoral shaft fracture 
and lateral locking plate combined with external fi xation for proximal tibial fracture       

 

Q. Wang et al.



95

by reduction and manipulation of tibial and fem-
oral fractures facilitates reaming and avoids dam-
age to the medullary canal.  

8.9.5     Ankylosis 

 Intra-articular injury or delayed range of motion 
of the knee joint may lead to ankylosis. 
Bonnevialle et al. reported a 15 % rate of knee 
ankylosis in cases of ipsilateral femoral and tibial 
fractures. Recently, Hwan Tak et al. [ 16 ] reported 
a 29 % rate of knee ankylosis out of 89 patients. 
These patients always needed a second soft tissue 
release surgery.  

8.9.6     Instability of the Knee 

 We suggest to check for meniscal and ligament 
injuries at the end of the surgery and, when 
present, plan an early treatment. Vangsness et al. 
encountered many cases of meniscal and ligament 
injuries, with a rate of 25 % of meniscal lesions 
and 50 % of knee instability.   

8.10     Results 

 Some authors reported good results after internal 
fi xation of both fracture sites. This technique has 
been followed by many orthopedic surgeons. The 
technique reduced length problems, angular 
malunion, and secondary interventions following 
conservative treatment for fl oating knees in 

childhood. However, although internal fi xation is 
an excellent treatment, complications and mor-
tality are still high. 

 The associated injuries and the type of frac-
ture (open, intra-articular, comminution) are 
prognostic indicators in the fl oating knee. 

 Earlier return to activities and excellent/
good long-term functional results were 
observed among patients treated with intramed-
ullary nailing. External fi xation of the fractured 
femur can result in decreased range of move-
ment at the knee due to quadriceps muscle 
fi xation. 

 The patient with vascular injury has a delay in 
rehabilitation and a poor fi nal outcome. Vascular 
injuries associated with the fl oating knee are a 
poor prognostic indicator and should be assessed 
and managed with care [ 32 ]. 

 Knee ligament injuries are easily missed due to 
the “distracting” nature of a fl oating knee injury. 
Appropriate management of the knee ligament 
injury is essential for a good outcome after treat-
ment of the fl oating knee. Szalay et al. in their 
study of 34 fl oating knees found detectable liga-
ment laxity in 53 % of the cases [ 5 ]. The Lachmann 
test is almost 100 % diagnostic of anterior cruci-
ate ligament tear when performed under anesthe-
sia. Moore et al. [ 33 ] found that when knee 
ligament injuries were repaired, a better range of 
motion was achieved in femoral fractures. They 
recommended surgical stabilization of the frac-
ture, stress testing of knee ligaments, acute 
arthroscopy, and ligament repair. Karlström and 
Olerud criteria are the most widely used in assess-
ing the function of the fl oating knee (Table  8.1 ).
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      Periprosthetic Fractures                     

     Gabriele     Pisanu      ,     Alessandro     Crosio      , 
and     Filippo     Castoldi     

9.1          Epidemiology 

 The incidence of periprosthetic knee fractures is 
increasing and will inevitably rise due to the 
increased number of total knee arthroplasties 
(TKA) and patients’ life expectancy [ 1 ]. The total 
incidence of periprosthetic knee fractures ranges 
from 0.3 to 5.5 % for primary TKA and up to 
30 % for revision TKA [ 2 – 5 ]. 

 The most common type of periprosthetic fracture 
around the knee is supracondylar: incidence ranging 
from 0.3 to 2.5 % after primary surgery, mostly 
within 2–4 years after surgery, and from 1.6 to 38 % 
after total knee revision [ 6 – 8 ]. The Mayo Clinic 
Joint Registry reported an incidence of approxi-
mately 2 % (of these 0.9 % occurred during revision 
surgery and 0.1 % during primary surgery) [ 9 ]. 

 Probably the true incidence of intraoperative 
periprosthetic fractures is underestimated because 
some of these fractures may go undetected, and 
maybe those with minimal displacement or those 
that do not require further intervention are not 
reported [ 10 ]. 

 Periprosthetic tibia fractures are more com-
mon than femur fractures [ 11 ]. The incidence 
reported from a Mayo Clinic case series of over 
17,000 TKAs is 0.1 % for intraoperative fractures 
and 0.4 % for postoperative fractures. The inci-
dence is higher after revision surgery [ 12 ]. 

 Periprosthetic patella fractures can occur both 
in resurfaced and in unresurfaced patellae. In 
unresurfaced patellae fractures are rare with an 
incidence <0.1 %. The incidence in resurfaced 
patellae ranges from 0.2 to 21 % [ 13 – 15 ]. The 
incidence after revision surgery is six times 
higher than in primary TKA [ 16 ]. A case series 
showed that many of these fractures are asymp-
tomatic (44 %) and mostly occur within 1 or 2 
years after surgery [ 15 ].  

9.2     Clinical Examination 

 Preoperative examination should be focused on 
determining the type of TKA, fracture confi gura-
tion, and bone quality. The patient’s general 
health status is essential to identify risk factors or 
predisposing conditions and exclude infections or 
pathological fractures. The traumatic mechanism 
should be investigated. A careful and comprehen-
sive history should be collected also regarding 
the function of the TKA before the fracture. A 
painful knee before the fracture should raise the 
suspicion of a loose, malpositioned, or infected 
implant. Infl ammatory markers including ESR, 
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CRP, and white blood cell count should be rou-
tinely checked [ 17 ]. 

 An accurate physical examination starts from 
the inspection of the knee that is usually swollen 
and painful. Palpation of the bone and soft tissue 
around the TKA can help identify the location of 
the fracture/s. Neurovascular evaluation as well 
as stability maneuvers should be carried out.  

9.3     Imaging and Preoperative 
Work-Up 

 For a correct assessment of the fracture and type 
and degree of displacement, preoperative imag-
ing should include anteroposterior and lateral 
x-rays of the femur, tibia, and knee. A compari-
son with previous x-rays is mandatory and can 
show pre- existing loosening or malpositioning. 
Computerized tomography scan is necessary for 

defi ning the comminution of the fracture and the 
remaining bone stock (Fig.  9.1 ). Preoperative 
planning is important to establish the type and 
size of the primary TKA and if this was stable or 
not. The choice of implant may be led by the 
bone stock available for distal fi xation.

9.4        Classifi cation 

 The fractures around TKA can be divided into 
femoral, tibial, and patellar. These can be intra-
operative or postoperative fractures. 

 Several classifi cations for periprosthetic 
 femoral fractures have been described: these are 
based either on the fracture line extension or on 
the stability of the implant [ 8 ,  18 – 20 ]. The 
 classifi cation system proposed by Rorabeck et al. 
is one of the most widely used (Fig.  9.2 ). The 
Rorabeck classifi cation system for supracondylar 

  Fig. 9.1    A preoperative CT scan with 3D reconstruction       
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femoral fractures takes into consideration the 
fracture displacement and the implant fi xation 
status. It defi ned three types of fractures: type I, 
undisplaced fractures around a well-fi xed femo-
ral prosthetic component; type II, fractures with a 
displacement >5 mm or >5° of angulation and a 
stable femoral prosthetic component (subtype 
IIB if the fracture is comminuted); and type III, 
fractures with component loosening or instability 
and with or without fracture displacement [ 8 ]. Su 
et al. suggested a classifi cation system based on 
the height of the fracture line relative to the femo-
ral component [ 19 ]. Kim has also proposed a new 
classifi cation which takes into account volume 
and density of the bone in the distal fracture frag-
ment, reducibility of the fracture, fi xation status, 
and position of the components [ 20 ].

   Periprosthetic tibia fractures can be classi-
fi ed into four types and three subtypes, accord-
ing to Felix classifi cation (Fig.  9.3 ). This widely 
used classifi cation is based on the fi xation sta-
tus of tibial component and site of the fracture. 
Type I fractures occur at the tibial plateau, type 
II are adjacent to the tibial stem, type III occur 
distal to the prosthetic stem, and type IV involve 
the tibial tuberosity (subtype A, stable compo-
nent on x-rays; subtype B, loosening compo-
nent on x-rays; subtype C, intraoperative 
fracture) [ 12 ].

   Three main classifi cation systems have been 
suggested for periprosthetic patellar fractures, 
and they are all based on the integrity of the 
extensor mechanism and stability of the patellar 
component [ 14 ,  15 ,  21 ]. 

  Fig. 9.2    Rorabeck classifi cation:  type I  undisplaced frac-
tures with stable implant,  type IIA  displacement over 
5 mm or 5° but stable implant,  type IIB  displaced com-

minuted fractures, and  type III  displaced or undisplaced 
fractures with unstable implant       
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 Goldberg classifi ed these fractures into the 
following types: in type I, fractures are located 
at the periphery of the patella and do not involve 
the prosthetic component; in type II, the disrup-
tion of the extensor mechanism is identifi ed; in 
type III, the inferior pole is involved (IIIA with 
ligament rupture, IIIB without ligament rup-
ture); and in type IV, the fracture of the patella 
is associated with patellofemoral dislocation 
[ 14 ].  

9.5     Mechanism and Risk Factors 

 Intraoperative fractures can be diagnosed and 
treated immediately. Intraoperative fractures 
are related frequently to mistakes in surgical 
technique. Sometimes intraoperative fractures 
are misdiagnosed and can lead to stress frac-
tures or low-energy bone collapse. 
Postoperative fractures can occur after low-
energy trauma if poor bone quality is present, 
or after high-energy trauma, especially for tib-
ial fractures. 

9.5.1     Femur 

 Postoperative periprosthetic femur fractures 
occur mainly after low-energy trauma caused by 
torsion or compression forces and only some-
times after high-energy trauma [ 22 ]. These frac-
tures usually involve the distal third (15 cm) of 
the femur [ 2 ]. In patients with a stemmed femoral 
component, the forces are transmitted to the tip 
of the stem, or more proximal region, resulting in 
more proximal fractures. These fractures may 
also be the result of an excessive anterior femur 
resection during surgery. Several studies have 
demonstrated that anterior femoral notching is 
associated with femoral supracondylar fractures, 
occurring in 10–46 % of femurs with notching 
[ 2 ] (Fig.  9.4 )

   Culp et al. reported that a 3-mm anterior corti-
cal notch resulted in a 30 % reduction in bone 
strength to torsion, predisposing to the risk of 
periprosthetic fracture [ 23 ]. If anterior femoral 
notching occurs intraoperatively, sometimes a 
stemmed femoral component should be implanted 
to reduce the stress on the anterior femoral  cortex, 

Type I

Type II

Type III

Type IV

a b

  Fig. 9.3    Felix classifi cation: as described in the text, the four types could be divided into ( a ,  b ) according to the stabil-
ity of the implant at the x-ray examination       
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and postoperative weight-bearing should be 
restricted with the use of walking aids (walker or 
crutches) if the anterior cortex is markedly 
compromised. 

 Intraoperative femoral fractures usually occur 
when the intramedullary femoral guide is 
 incorrectly positioned (due to the anteriorly 
bowed shape of the femur). The tip of the guide 
could penetrate the anterior or anterolateral side 
of the femoral cortex, generating a fracture. The 
majority of these fractures may go undetected 
intraoperatively due to an abundance of soft tis-
sue around the femoral shaft and are only noticed 
and documented postoperatively from radio-
graphs [ 24 ]. For this reason it is very important to 
plan preoperatively the correct insertion point of 
the femoral guide, based on the morphology of 

the femur on anteroposterior and lateral views 
(Fig.  9.5 ).

   In addition, intercondylar splits or complete 
fractures of one or both condyles can occur dur-
ing surgery. These fractures occur quite often in 
patients with previously diagnosed osteopenia. 
Technical problems encountered intraoperatively 
such as improper bone cuts, aggressive impaction 
of the boxed posterior-stabilized femoral compo-
nent, and incorrect insertion of the trial compo-
nent (particularly during revision surgery) can 
result in fractures [ 25 ]. 

 Other risk factors include metal plates or 
screws previously implanted to fi x a fracture or 
an osteotomy. In two-staged surgeries, hardware 
must be removed at least 3 months prior to 
TKA. When hardware removal and TKA are 

  Fig. 9.4    An example 
of anterior femoral 
notch       
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 performed concurrently, it is preferable to use a 
long-stemmed prosthesis in order to avoid frac-
tures [ 26 ] (Fig.  9.6 ).

9.5.2        Tibia 

 Periprosthetic knee fractures of the tibia are 
more common during revision surgery than 
during primary surgery. Forceful retraction of a 
well- fi xed tibial component, incorrect cement 
removal, aggressive impaction of the tibial 

component, and osteotomy of the tibial tubercle 
can result in this type of fracture [ 12 ]. In addi-
tion, it is important to carefully place the tibial 
component respecting the axis of the shaft, in 
order to avoid tibial cortex injury. An eccentric 
preparation of the tibial canal or malpositioning 
of the tibial stem can damage the tibial cortex. 
These fractures are typically vertical and 
undisplaced. 

 Postoperative tibial fractures result from acute 
trauma or fatigue (stress fractures) [ 11 ]. These 
fractures are now quite rare due to the use of 
keeled or short stem tibial components [ 27 ]. 
Theoretically, the keeled stem with the presence 
of an intact fi bula allows the tibia to withstand 
substantial torque and shear forces, conveying a 
mechanical advantage to the bone for the preven-
tion of these fractures as compared to femoral 
fractures.  

9.5.3     Patella 

 Periprosthetic fractures of the patella can occur 
due to direct trauma or fatigue. The identifi ed risk 
factors include rheumatoid arthritis, prolonged 
steroid use, patellar necrosis, malalignment of 
the lower limb, malpositioned TKA, and poste-
rior-stabilized implants [ 28 ]. 

 These fractures are more frequent in males, 
because of higher activity levels and weight com-
pared to women [ 29 ]. 

 The type of treatment received by the patella 
during TKA is also a very important factor infl u-
encing the outcome (Fig.  9.7 ). During primary 
surgery the assistant should manage the patella 
carefully because excessive stress can cause a 
patellar fracture or a rupture of the patellar ten-
don; it is also important, in tight knees, to per-
form distal femoral resection before patellar 
lateralization [ 26 ].

   Heat necrosis and devascularization of the 
patella during lateral release and excessive 
Hoffa’s fat pad excision could result in damage to 
the lateral superior genicular artery, increasing 
the incidence of periprosthetic patella fractures 
[ 30 ]. In addition, asymmetric resection of the 
patella increases mechanical strain on the joint 

  Fig. 9.5    Preoperative planning of the bone cuts. Note 
that the entry point of the intramedullary guide ( red line ) 
is not always at the deeper point of the intercondylar 
notch. It is important to respect preoperative planning in 
order to avoid fractures of the femoral cortex       
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surface especially when the subchondral bone or 
the lateral articular surface is included in the 
resection.   

9.6     Treatment and Results 

 The most appropriate management of peripros-
thetic knee fractures depends on the patient’s 
general physical condition and pre- fracture 
ambulatory status; the fracture pattern, location, 
and displacement; the quality of the bone stock; 
the presence of other hardware in the proximal 

femur; the stability of the prosthetic component; 
and the type of implant [ 19 ]. 

 The aim of the treatment is to promote fracture 
healing within 6 months, recovery of knee range of 
motion to preinjury level, joint stability, and pain-
free function. The surgeon should achieve a mini-
mum range of motion of 90°, less than 5 mm 
translation, varus/valgus malalignment ≤5°, fl exion/
extension malalignment ≤10°, minimal rotation, 
less than 1 cm of femoral shortening, and proper tib-
iofemoral prosthetic joint alignment [ 18 ,  19 ]. 

 Historically, most periprosthetic fractures 
were treated conservatively using skeletal 

  Fig. 9.6    TKA and hardware removal performed concurrently       

a b

  Fig. 9.7    Patella lateralization ( a ) or eversion ( b )       
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 traction, casting, or cast bracing. Nonsurgical 
treatment eliminates surgical risks such as 
bleeding, infection, loss of fi xation, and com-
plications related to anesthesia. A prolonged 
skeletal traction is not well tolerated and may 
cause the risks of  prolonged recumbency, such 
as pressure ulcers, atelectasis, pneumonia, pul-
monary embolism, deep venous thrombosis, 
and diffuse muscle atrophy. Long-term immo-
bilization may also result in a loss of knee 
motion as well as malunion or nonunion [ 5 ,  6 , 
 28 ,  31 ]. Long-lasting traction treatment is cur-
rently obsolete, and the only indications are 
patients with poor general health status and 
high operative risks [ 18 ,  32 ]. Although good 
results were obtained with surgery for peri-
prosthetic knee fracture, a signifi cant incidence 
of malunion and mechanical failure were 
described [ 6 ]. This is probably due to the vas-
cular damage caused by conventional open 
plating [ 33 ] and the inability to obtain secure 
fi xation in osteoporotic bone. Modern treat-
ment methods addressed these problems. From 
a surgical standpoint, the technique should be 
minimally invasive, with the use of implants 
respecting the vascularity and biology of the 
healing process, adapting to different TKA 
designs, and achieving stable fi xation in order 
to allow early motion [ 34 ]. 

9.6.1     Intraoperative Fractures 

9.6.1.1     Femur 
 Fractures of the diaphysis should be treated with 
a long-stemmed prosthesis with or without bone 
graft [ 10 ]. The stem should bypass the fracture 
by at least two-to-three femoral canal diameters. 

 Fractures localized in metaphyseal region are 
usually vertically oriented, frequently undis-
placed, and have intact periosteum [ 25 ]. Different 
authors suggest treating these fractures nonoper-
atively, with protected weight-bearing and with-
out additional intervention [ 24 ]. 

 Displaced intercondylar fractures are infre-
quent but defi nitely more complex and diffi cult 
to treat. These should be treated with internal 
fi xation by the addition of an intramedullary 
(IM) stem to the femoral component and trans-

condylar screw fi xation. In some cases, the use 
of single screw fi xation was described for these 
fractures with good results. The single screw is 
usually suffi cient because the cement and fem-
oral prosthesis provide additional stability. We 
suggest using at least two screws in order to 
obtain anti-rotational neutralization and to 
complete the diagnosis with a postoperative CT 
scan to evaluate the real extension of the 
fracture.  

9.6.1.2     Tibia 
 As described above this is not a frequent situation. 
In most of the cases, these fractures are identifi ed 
postoperatively, and the treatment is weight- 
bearing protection. In some cases, cancellous 
screws could be useful to treat a displaced tibial 
fracture. In rare cases of fractures behind the tip 
of the stem, cast immobilization and protected 
weight-bearing are mandatory to allow the 
healing process [ 10 ] (Fig.  9.8 ).

9.6.2         Postoperative Fractures 

 The correct treatment is determined after a 
complete and accurate evaluation and 
classifi cation of the fracture. Stability of the 
implant and fracture confi guration are the most 
important aspects guiding the decision-making. 

9.6.2.1     Femur 
 The treatment is based on the Rorabeck and 
Taylor classifi cations. 

 In case of type I, a closed reduction is  followed 
by 4–6 weeks of cast immobilization, followed 
by a strict follow-up period to monitor the align-
ment of the fracture every 2 weeks. It is possible 
to convert in operative treatment if instability 
appears during follow-up. 

 This treatment has a success rate between 80 
and 100 %. No differences were detected in 
patient satisfaction between the operative treat-
ment group and nonoperative treatment group for 
displaced Rorabeck type I fractures (61 vs. 67 %). 
In the operative treatment group, a higher compli-
cation rate was found [ 7 ]. 

 Other authors proposed nonoperative treat-
ment in types II and III, but the risk of malunion 
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is high [ 35 ]. In a study by Moran et al., malunion 
occurred in all cases after conservative treatment 
for displaced fractures [ 36 ]. Although Chen et al. 
reported satisfying results in 67 % of cases after 
conservative treatment in type II fractures, non-
operative treatment should be considered only in 
selected patients with comorbidities, elderly, and 
with high intraoperative risks [ 7 ]. 

 In case of instability of the implant and 
severely comminute intercondylar fractures, 
 surgery is advisable. If instability is associated 
with high fracture comminution, revision is 
required with augment or allograft. In case of 
instability with large fragments, revision and 
fracture fi xation is the recommended option. In 
case of fractures with a stable implant but an 
unstable fracture, an anatomical reduction and 
rigid fi xation are required, allowing early active 
and passive motion [ 35 ]. 

 The surgical treatment could be achieved with 
different techniques. Fixation can be achieved 
with intramedullary nails (anterograde or retro-
grade) and plates with screws. 

   Nailing 
 Interlocking intramedullary nailing using inter-
locking screws is commonly used. Nailing is 
 principally indicated for Rorabeck type II supra-
condylar femoral fractures. Different studies 
reported a good healing rate with this technique 
also compared with plate and screw fi xation [ 37 ]. 

 Rigid retrograde femoral nails are indicated 
for fractures with distal fracture fragments large 
enough to allow insertion of distal screws [ 37 ]. 

 Retrograde intramedullary nails should be long 
enough to reach the level of the lesser trochanter. 

 Retrograde intramedullary nails can be 
inserted only with open box femoral component 
TKAs. For these reasons, retrograde nails cannot 
be used in patients with posterior-stabilized 
design prosthesis (Fig.  9.9 ).

   It is important to correctly determine the 
entry point of the nail. In case of posterior 
cruciate- retaining knee, the entry point is more 
posterior than normal because of the femoral 
component. This can lead to an extension defor-
mity of the knee. 

  Fig. 9.8    Tibial intraoperative fracture on postoperative x-rays and CT scans. Conservative treatment: x-rays after 5 
months       
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 The surgical procedure requires an arthrot-
omy resulting in increased risk of implant 
infection [ 37 ]. 

 Compared to plates, nails have a higher risk of 
malreduction, including incorrect restoration of 
length, rotation, and angulation on both coronal 
and sagittal planes [ 38 ]. 

 Advantages of nailing include less soft tissue 
damage and reduced blood loss compared with 
conventional metal plate fi xation. 

 Nailing cannot be performed in case of pre- 
existing intramedullary stem, severe 
comminution, extremely distal fractures, and 
unstable TKA. Narrow femoral canals can also 
be a contraindication for intramedullary nails.  

   Plate and Screws 
 Alternative options to treat periprosthetic knee 
fractures are angled blade plates (ABP), 
dynamic condylar screws (DCS), and buttress 
plates [ 6 ,  39 ]. 

 Recently, ORIF with locking periarticular 
plates became a widely used treatment option, 
and the introduction of multiple fi xed-angle 
screws allows for optimal fi xation around the 
fracture site and femoral component [ 40 ]. 

 Locking plate instrumentation allows for a 
minimally invasive approach to fracture reduc-
tion and implant insertion in order to prevent 
excessive soft tissue dissection and periosteal 
stripping. It is possible nowadays to use the new 

polyaxial designs to vary the insertion angle of 
the screws (Fig.  9.10 ).

   The patient lies supine with the unaffected leg 
elevated to allow motion of the C-arm. Usually a 
lateral approach is required, extended to the distal 
diaphysis if the fracture extends proximally. The 
TKA is evaluated and tested for stability. The frac-
ture is then reduced and the plate inserted from dis-
tal to proximal using the plate’s profi le to detach 
muscles from periosteum. The distal profi le is 
designed to match the lateral condyle. The position 
is checked with the image intensifi er and the fi rst 
distal screw is inserted. If the reduction is main-
tained and the plate is in the middle of the shaft the 
hardware is completed with the other screws. 
Before closing the capsule, we suggest to copiously 
irrigate the TKA implant with saline solution (about 
2 L). Partial weight-bearing is allowed with crutches 
for 12 weeks. Early range of motion is allowed. 

 The outcome is variable and depends on the 
case series. Some authors reported failure in 
30–100 % of cases [ 5 ], but with the introduction 
of locking plates and less invasive stabilization 
system (LISS), the outcome has greatly 
improved with rates of complete healing of 
about 90 % [ 40 ].  

   External Fixation 
 In periprosthetic knee fractures, the use of the 
external fi xator is infrequent. In an emergency, 
temporary external fi xation could be useful in 

  Fig. 9.9    Femoral prosthetic component: cruciate-retaining ( left ) and posterior-stabilized ( right ) designs       
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comminuted, exposed, and unstable fractures 
while awaiting for planning and defi nitive 
treatment. 

 External fi xation is not a popular option as a 
defi nitive treatment because of problems with 
quadriceps muscle stripping, limited range of 
motion of the knee, and risk of infection from pin 
tracts [ 23 ]. 

 Possible indications for the use of hinged 
external fi xator are patients with stable implant 
and high operative risks [ 41 ].  

   Revision TKA 
 Revision TKA is necessary in patients with failed 
implants due to malposition, wear, or loosening 
(Fig.  9.11 ). In Rorabeck type II fractures, revision 
is required when loosening or malpositioning is 
documented. In Rorabeck type III with poor 
distal bone stock and implant loosening or mal-
position, revision is always required.

   In elderly patients revision with constrained 
implants can be considered. In young, active 
patients, constrained implants are more prone to 

loosening. In these cases, the surgeon can restore 
the bone stock with bone allograft and fracture 
fi xation and then perform the revision in a second 
step. This option increases the risk of joint 
stiffness [ 24 ]. 

 Another treatment option is the use of an 
allograft-prosthetic composite (APC). This 
option could reduce the risk of stiffness but is a 
complex procedure with higher rate of infection, 
graft resorption, and component loosening [ 42 ]. 

 The reports about revision arthroplasty are 
good even with fragment fi xation. Good outcomes 
are related to early mobilization and ambulation 
compared to ORIF [ 23 ].   

9.6.2.2     Tibia 
 In fractures involving the tibial plateau, the 
implant is often loose, and revision TKA is gen-
erally recommended with or without metal or 
bone augmentation of the plateau defect [ 12 ]. 

 In fractures around the stem (type II), the 
implant is usually stable, so nonoperative man-
agement is generally suffi cient. In loose implants, 

  Fig. 9.10    Rorabeck II 
fracture treated with 
locking plate       
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revision with long-stemmed tibial components is 
the treatment of choice. In case of extensive bone 
loss, allograft is required. 

 Distal fractures can be managed with reduc-
tion and internal fi xation if required, but usually 
the implant is stable. 

 Particular attention should be paid to subtype 
IV fractures. These fractures need to be managed 
carefully because the tibial tuberosity is essential 
for extensor mechanism function. In these cases, 
internal fi xation with screws is required. In most 
cases, the tibial component is stable and revision 
is not required. If revision is required, long- 
stemmed tibial components are necessary. The 
stem is inserted before performing fracture 
reduction and fi xation. Many authors also 
described the use of semitendinosus rerouting to 
augment the tendon [ 43 ]. 

 In revision of the tibial component, the sur-
geon has to respect different rules: a stemmed 
tibial component is usually necessary; the stem 
has to pass the fracture site and give stability to 
the fracture; the unstable fragments have to be 
fi xed with screws; in proximal tibial fractures, 
metal augmentations are enough for defects 
<5 cm; and if bigger defects are present, 
allograft of tumor prosthesis should be consid-
ered [ 43 ].  

9.6.2.3     Patella 
 In fractures with stable prosthetic component and 
extensor mechanism integrity, conservative 
treatment achieves good results. 

 Comminuted fractures with prosthetic 
component stability and/or lesion of the extensor 
mechanism could be treated with removal of the 

  Fig. 9.11    Intraoperative condylar fracture treated with a screw; 1 month after surgery, x-rays showed displacement, 
and the patient was revised to a constrained implant       
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small fragments and repair of the tendon to the 
bone with good restoration of the function [ 15 ]. 

 In case of instability of the implant, a careful 
evaluation of residual bone stock is essential. It is 
possible to perform revision surgery if the bone 
stock is suffi cient; otherwise, hemipatellectomy or 
total patellectomy is required. Total patellectomy 
should be reserved to patients with extremely poor 
bone stock and with highly comminuted fractures. 

 Nonsurgical treatment should always be con-
sidered even in cases with unstable components if 
the patient has mild symptoms and good knee 
function. Good results were described with this 
approach [ 14 ]. 

 A systematic review regarding patellar peri-
prosthetic fracture reported a 19 % infection rate 
and a 92 % rate of nonunion after surgical fi xa-
tion of patellar fractures with tension band wir-
ing. On the other hand, good results were 
described in most cases treated not surgically. 
Range of motion after conservative treatment 
usually results in 10° of extension lag in and 
10–20° of lag in fl exion [ 13 ].    

9.7     Complications 

 Complications include decreased range of 
motion, malalignment, infection, and nonunion. 

 A review of the literature evaluated the com-
plications after periprosthetic femoral fractures. 
These fractures were managed nonsurgically in 
39 % of the cases and surgically in 60 %. In the 
cases treated conservatively, a higher rate of 
complications (31 %) was found compared to 
surgically treated cases (19 %). In the surgical 
group, complications included infections (3 %), 
delayed unions or nonunions (7 %), malunions 
(4 %), hardware failures (3 %), and other com-
plications (3 % intraoperative death, pulmonary 
embolism, and hardware impingement) [ 19 ]. In 
a metanalysis, complications of patients treated 
with locking plates included infection (3 %), 
implant failure (4 %), nonunion (9 %), and 
 revision surgery (13 %). In the conservative 
group, complications consisted of delayed 
unions or nonunions (14 %) and malunions 
(18 %) [ 34 ]. 

 In another paper, no difference was found 
between different nonsurgical management 
( casting, splinting, bracing, traction) and surgical 
management (ORIF, intramedullary  nailing, 
external fi xation, total knee replacement) [ 19 ]. 

 After surgical internal fi xation with cerclage 
wire of periprosthetic patellar fractures, the mean 
infection rate was 19.2 % and nonunion was 
92 % [ 13 ].     
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10.1          Femur 

 In 1957, Watson-Jones noted that ‘few injuries 
present more diffi cult problems than supracondy-
lar fractures of the femur’ [ 1 ]. Since then, the 
development of stabilisation techniques has 
greatly improved the treatment of these fractures 
[ 2 – 4 ]. Even after appropriate initial fracture fi xa-
tion, however, non-union of the distal femur is a 
potential complication that has been reported in 
up to 17 % of cases [ 5 – 19 ]. Although relatively 
uncommon because of the excellent perfusion 
and the abundant cancellous bone surfaces [ 20 , 
 21 ], the failure of a distal femur synthesis remains 
a diffi cult problem to deal with. 

 Distal femoral fractures arise from two main 
mechanisms of injury [ 22 ]. These are caused 
either by high-energy traumas, such as road traf-
fi c accidents, which may lead to open injuries 

with considerable comminution of the condyles 
and metaphysis, or by low-energy traumas, in 
elderly populations with severe osteoporosis. 

 The possible presence of total-knee prosthesis 
represents a major challenge: the periprosthetic 
fracture is a very diffi cult task in terms of bone 
grip, fracture fi xation, possibilities of preserving 
the prosthesis and, therefore, high risk of local 
complications and fi xation failure. No consensus 
exists on the management of either type of distal 
femoral fracture [ 23 ]. Before the introduction of 
the concept of stable fi xation by the AO, supra-
condylar fractures of the femur were often treated 
not surgically by means of skeletal traction [ 24 ]. 

 The therapeutic strategy is based on the res-
toration of limb length, articular surface, rota-
tional alignment and early mobilisation [ 22 ,  23 , 
 25 ,  26 ]. 

 The management is often complicated by the 
small size and poor bone quality of the distal 
fragment and the presence of bone loss with 
shortening, angulation, rotational deformity and 
contamination. As the optimal stability is a pur-
pose not so easy to reach, in the past the knee 
motion was too often restricted to avoid an over-
stress at the fracture site. If this protected the 
small fragment fi xation, it led to high stresses 
across the metaphysis. The only solution for the 
orthopaedic surgeons was to increase the use of 
internal fi xation hardware. 

 Infection remains a signifi cant issue in high- 
energy peri-articular fractures of the knee. In 
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high-level trauma centres, infection rates after 
distal femoral fractures are <5 % [ 27 ]. In this 
anatomical region, the bone is notably vulnerable 
to infection due to a lack of muscle coverage and 
limited vascular supply. The metallic implants 
are a favourable environment for bacterial adher-
ence. The possible implication is the need for 
an aggressive debridement and the removal of 
fi xation devices. 

 Non-union of distal femoral fractures is uncom-
mon but diffi cult to treat. The incidence varies 
from 0 % to 6 % following internal fi xation [ 13 , 
 28 – 30 ]. This was about 25 % in the 1970s [ 12 ]. 

 Very little data have been published on the 
management of distal femoral non-unions. Casts 
and braces used in the past for the management 
of these cases resulted in increased muscle atro-
phy and joint stiffness, further decreasing the 
possibility of bone healing [ 7 ,  31 ]. A 95° fi xed 
angle blade plate or a dynamic condylar screw 
(DCS) plate with or without bone graft has been 
frequently used [ 15 ,  32 ,  33 ]. 

 In the past, some authors suggested that open 
reduction after debridement of the non-union site 
followed by internal fi xation and bone grafting 
can lead to successful results, whereas others rec-
ommended the addition of cortical strut allograft 
[ 33 – 36 ]. Wang and Weng [ 36 ] retrospectively 
evaluated 13 patients with distal femoral non- 
unions treated with internal fi xation and strut 
allograft. The union rate was 100 %, and the 
post-operative knee motion was 71° on average. 

 Supracondylar nails have not shown success-
ful outcomes in terms of union rate with frequent 
nail breakage [ 37 – 40 ]. 

 Trans-articular fi xation of the knee joint using 
a Kuntscher nail has been described, but, although 
good union rates were achieved, the knee stiff-
ness caused discomfort and severe limitations to 
the patients [ 41 ]. In Beall’s [ 41 ] study, the ROM 
was only 49° after the nail was removed and the 
infection rate was 25 %. The knee joint immo-
bilisation was also proposed by Scuderi [ 15 ] who 
immobilised the joint by means of post-operative 
traction for up to 3 months. 

 When compared with such an aggressive strat-
egy, the blade plate resulted in excellent out-
comes in terms of union rate and function, but it 

can be considered inadequate by current 
standards. 

 External fi xators have shown an optimal 
approach to soft tissues and offered good results 
in handling infected and complex non-unions 
[ 15 ,  42 – 44 ]. They also allow for a proximal or 
mid-diaphyseal corticotomy: this can be useful 
when a large piece of bone has been removed, 
and this gap needs to be fi lled by means of dis-
traction osteogenesis. In addition to lengthening, 
external fi xators can be used to correct angula-
tion, translation and rotation [ 45 ]. 

 Metaphyseal fractures including distal femo-
ral fractures have a good intrinsic healing capac-
ity because of abundant physiological blood 
supply [ 46 ]. This was described by Charnley and 
Baker [ 47 ]. Problems in metaphyseal region may 
arise because of gaps due to bone loss or tissue 
interposition (biomechanical), excessive motion 
at the fracture site (mechanic), infection or even 
the presence of synovial fl uid coming from the 
disrupted capsule (biological) [ 46 ]. In the distal 
femur, unique anatomical features (short distal 
fragment, proximity to the knee joint, poor bone 
stock and the traction by the gastrocnemius mus-
cle) can contribute to distal femoral nonunion 
[ 15 ]. 

 The complex non-union healing can lead to 
several operations, worsening the soft-tissue cov-
erage, scarring and causing additional joint 
stiffness. 

 The principles of management of distal femo-
ral non-unions should be the same of non-union 
treatment as described by Zum Brunnen and 
Brindley in 1968: reduction of fragments, ade-
quate fi xation, healing of soft tissues and stimula-
tion of osteogenesis [ 48 ]. Saleh in 1992 
summarised these principles in the triad realign-
ment, stabilisation and stimulation [ 49 ]. 

 Internal fi xation causes deep soft-tissue dis-
section and periosteal stripping, further impair-
ing the blood supply. Antegrade and supracondylar 
nails minimally disturb the soft-tissue envelope. 
Sometimes, the nail does not provide adequate 
stability [ 37 ,  40 ]. External fi xation is an optimal 
solution when biology is the main issue [ 45 ]. 

 Wu [ 37 ] noted that in the distal non-unions 
treated with the antegrade nails, only one locking 
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screw can usually be inserted. This is inadequate 
for rigid fi xation because of the short segment, 
wide canal, thin cortices and often poor bone 
quality: two out of seven nails broke in their case 
series. In Koval’s study [ 40 ], using the supracon-
dylar nail, eight out of 16 nails broke and union 
was achieved only in 25 % of patients. Chapman 
[ 33 ] advocated the anterior approach for internal 
fi xation in order to preserve the blood supply 
with exposure of only the anterolateral surface, 
allow for a better control of the adhesions in the 
knee region and improve the range of motion. 

 An early range of motion is crucial to a suc-
cessful functional outcome. 

10.1.1     Plating 

 ORIF is very effective in restoring alignment and 
preserving knee motion [ 6 ,  9 ,  10 ,  13 ,  14 ,  28 ,  50 , 
 51 ], but can be associated with infection, non- 
union, implant failure and inadequate correction 
of the deformity [ 6 ,  8 ,  12 ,  18 ,  19 ,  52 ]. 

 As distal femur fractures are well addressed 
by plating techniques [ 2 ,  53 ,  54 ], non-united 
fractures should also be approached by a similar 
technique. 

 Because of the forces crossing the distal 
femur, the typical non-union pattern is a varus 
and/or extension deformity (similar to the acute 
fracture in this area). The correction of this can 
be complicated by the small size fragments and 
the poor bone quality [ 40 ,  55 ,  56 ]. 

 Several alternative methods have been devel-
oped for the treatment of distal femoral non- 
union because of concerns regarding the high 
incidence of failure, wound complications and 
infection after traditional plating procedures [ 12 , 
 16 ,  18 ,  42 ,  57 – 60 ]; among these intramedullary 
nails [ 39 ,  40 ,  58 ] minimise soft-tissue dissection 
and provide a more physiological load-sharing 
fi xation device [ 21 ,  37 ,  40 ,  61 ]. However, intra-
medullary nails can be a suboptimal solution if a 
deformity needs to be corrected, the distal small 
fragments require a stable fi xation and a dynamic 
compression across the non-union site is required 
(this would probably entail a signifi cant shorten-
ing) [ 39 ,  41 ,  58 ]. These issues led to disappoint-

ing results, with a high incidence of hardware 
failure, particularly in low supracondylar non- 
unions [ 37 ,  40 ,  58 ]. Furthermore, intramedullary 
nails often need to be removed [ 37 ,  58 ]. 

 The locking plates were developed by the 
AO/ASIF in the late 1990s [ 62 ,  63 ]. These sys-
tems can be used in the management of complex 
distal femoral fractures, particularly the AO 33 
A1–C3 types [ 64 ]. Biomechanical studies sug-
gested that locking plates withstood higher 
loads, providing a more stable fi xation, than con-
dylar buttress plates and dynamic condylar 
screws latters [ 65 ]. 

 Stress tests indicated that the LISS (LISS, 
Synthes Paoli, PA, USA) provided improved dis-
tal fi xation of femoral fractures in osteoporotic 
bone, bearing greater axial loads and requiring 
higher energy to failure, compared to the angled 
blade plates or intramedullary nails [ 66 ,  67 ]. 

 The ‘fatigue failure’ of the osteoporotic 
implant-bone construct is a serious problem in 
elderly patients. Standard implants often fail, and 
this is due to both the weakness of the bone and 
the critical blood supply. Vascularization can be 
impaired by the fracture, the surgical approach 
and the damage to the soft tissues as well as by 
the compression of the plate over the periosteum. 
The locking plates address these aspects. The 
design of these plates with angular stable locking 
screws acts as an internal fi xator, with no need for 
compression and contact of the plate to the bone 
surface in order to achieve good stability of the 
bone-implant construct. This preserves the mus-
cles, soft-tissue envelope and local periosteal 
blood supply, especially when applied percutane-
ously. While the classic plate fi xation transfers 
the strain in an axial loading, the locking plates 
transfer the load to the screws along the bone axis 
[ 63 ,  68 ,  69 ]. In addition, the locking screws 
account for an excellent grip also in the osteopo-
rotic bone [ 69 ]. 

 The main concerns about compression plating 
of distal femoral non-unions are the exposure and 
the consequent bone devascularization, with an 
increased risk of non-union and infection [ 12 ,  17 , 
 18 ,  32 ,  42 ,  57 ,  60 ,  70 ,  71 ]. The ‘sparing tissue 
approach’ used in acute fractures has been imple-
mented in non-unions too. Indirect reduction 
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techniques [ 2 ,  54 ,  72 ] have been developed, 
reducing the need for non-union exposure and 
focusing on acceptable axial alignment without 
anatomic reduction of non-articular fragments.  

10.1.2     External Fixation 

 A short distal fragment, poor bone quality and 
compromised soft tissues are associated with 
poor outcomes. Healing may be achieved with 
deformity and leg-length discrepancy leading 
to post-traumatic osteoarthritis and stiffness of 
the knee [ 34 ,  37 ,  73 ,  74 ]. This may lead to 
arthrodesis [ 75 ,  76 ] and, sometimes, 
amputation. 

 Infected non-unions are a real challenge for 
the orthopaedic surgeon. Bone loss, poor soft- 
tissue coverage and extensive scars are the usual 
implications of the bacterial colonisation, and the 
anatomical and functional outcomes are often 
affected by deformity, shortening, osteoarthritis 
and stiffness. 

 Ilizarov techniques [ 70 ,  77 – 83 ] minimise dis-
section while allowing for gradual (or immedi-
ate) correction of deformity, compression across 
the non-union, stable fi xation of the distal frag-
ment and immediate post-operative weight bear-
ing. These advantages are, however, tempered by 
a signifi cant learning curve, high incidence of 
complications, need for frequent re-operation, 
poor patient tolerance and frequent outpatient 
examinations [ 70 ]. 

 The Ilizarov frame tolerates easily torsion and 
bending, allowing axial compression during 
physiological walking [ 80 ,  81 ]. 

 In 1951, Ilizarov began to use distraction 
osteogenesis to treat acute fractures [ 78 – 80 ]. 
Over the years, knowledge and tools have 
evolved, and indications have been extended to 
associated complications: non-union, chronic 
osteomyelitis, shortening, joint contracture and 
deformity. 

 The Ilizarov strategy for infected non-union is 
based on the removal of infected tissues and bone 
debridement/resection, stabilisation with ring fi x-
ators and restoration of bone defect by means of 
distraction osteogenesis. When the bone gap is 

restored, the residual deformity can be corrected 
and the docking site compressed. 

 Distraction osteogenesis and bone transport 
form new, strong and resistant bone. In the pres-
ence of infection, the healthy regenerated bone 
delivers antibiotics locally and increases the pos-
sibility of infection eradication [ 84 ]. 

 Complex regional pain syndrome and soft- 
tissue atrophy is minimised by early weight bear-
ing and joint motion [ 84 ]. Therefore, the use of 
Ilizarov technique for infected non-union of the 
tibia is increasing in popularity [ 85 – 87 ]. 
Nonetheless, reports describing large series of 
patients with infected non-union of the femur 
treated with the Ilizarov technique are rare 
[ 88 – 90 ]. 

 The results of conventional treatment of 
infected non-union of the femur are poor, due to 
the high energy of the trauma, multiple surger-
ies, late presentation, bone and soft-tissue infec-
tion, bone loss, osteoporosis, poor vascularity, 
associated deformities and shortening. 
According to Ilizarov, gradual traction on living 
tissues creates stress that stimulates and main-
tains regeneration and active growth of tissues 
(bone, muscle, fascia, tendon, nerve, vessels, 
skin). This principle is called ‘the law of tension 
stress’ [ 76 ]. The primary objective of Ilizarov 
was to treat the infection by means of increased 
vascularity at the septic site and biological stim-
ulation through the corticotomy (‘osteomyelitis 
burns in the fi re of regeneration’, he said) [ 76 ]. 
When bone resection and debridement are not 
performed, the infection is rarely eradicated. 
Therefore, osteogenesis must be preceded by 
debridement. New bone sprouts between sur-
faces are gradually (about 0.5/1 mm per day) 
pulled apart. Moving bone segments will fi ll the 
gap. The trailing end regenerates bone by intra-
membranous ossifi cation [ 84 ]. The damage at 
the corticotomy site determines the quality and 
quantity of regeneration: injury to the bone mar-
row, nutrient artery and its branches and the peri-
osteal soft tissues should be minimised [ 76 ]. The 
quality and quantity of the osteogenesis during 
distraction depend on the rigidity of bone frag-
ment fi xation, the damage at the corticotomy 
site, the amount of the lengthening and the 
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rhythm of distraction [ 76 ]. The biological 
response of the tissues to distraction is intrinsic, 
and thus general body anabolism should always 
be positively maintained [ 84 ]. 

 Latency is the time period between corticot-
omy and the beginning of distraction. Short 
latency is related to poor regeneration, whereas 
longer latency facilitates early consolidation and 
fusion. Depending on the damage during corti-
cotomy, a latency period of 0–14 days is 
recommended. 

 During distraction osteogenesis, physiological 
bone loading and mobilisation are important 
rules [ 84 ]. When the transport is complete, 
fi brous tissue removal and cancellous bone graft-
ing at the matching bone ends may be required 
(docking site stimulation) [ 89 ,  91 ,  92 ] in order to 
make it heal faster. 

 The duration of external fi xation and any asso-
ciated complications can be substantially reduced 
with the technique of multiple segment lengthen-
ing and extemporaneous compression at the end 
of traction [ 93 ].  

10.1.3     Arthrodesis 

 A knee arthrodesis may be a preferable alterna-
tive in younger patients with recalcitrant distal 
femoral non-unions; however, this should be 
reserved for cases where other therapeutic 
options are not feasible. The most common indi-
cation is pain and instability: loss of extensor 
mechanism, extensive metaphyseal bone loss, 
ligamentous instability and resistant bacteria are 
all known indications [ 94 ]. Techniques for 
arthrodesis include intramedullary nailing, plat-
ing, external fi xation and circular frame con-
structs. In the presence of extensive bony defects, 
vascularised fi bular grafts, massive allografts, 
bone cement and distraction osteogenesis should 
be considered. 

 Knee fusion provides a more effi cient gait in 
terms of energy consumption, when compared 
with above-knee amputation, assuming there is a 
well-functioning foot [ 95 ]. The management of 
large bone defects around the knee is particularly 
troublesome [ 96 – 98 ]. 

 The cons of intramedullary nails for the treat-
ment of infection are well documented, even 
when a two-stage approach is performed [ 99 , 
 100 ]. Ilizarov technique gives more opportunities 
in eradicating the infection and optimising the 
soft-tissue management before defi nitive treat-
ment. Other advantages over intramedullary or 
plate fi xation include 1) the possibility of early 
weight bearing, 2) frame modifi cations to opti-
mise mechanical properties in relation to the 
healing phase, 3) compression across the arthrod-
esis site and 4) fi ne corrections to restore the 
mechanical and anatomical axis [ 101 ]. 
Complications often arise and patients must be 
counselled and selected upon their ability to 
comply. Frames are bulky and pin sites will get 
often infected requiring antibiotics and occa-
sional pin and wire exchanges. Despite this, the 
benefi t of simultaneous arthrodesis compression, 
correction of shortening and/or mechanical axis 
deviation cannot be overlooked. During the ini-
tial treatment, weight bearing can be restricted to 
promote soft-tissue recovery, and therefore the 
patients are at higher risk of deep vein thrombo-
sis (DVT) [ 102 ].   

10.2     Tibia 

 The surgical management of tibial plateau frac-
tures remains a challenge. High-energy tibial 
plateau fractures are often the result of blunt 
trauma and associated with soft-tissue 
problems. 

 The current surgical options do not guarantee 
a constant favourable outcome of these injuries. 
Operative techniques require considerable surgi-
cal skills and thorough preoperative evaluation. 
Schatzker’s classifi cation [ 13 ] is widely used in 
guiding the treatment of these fractures. The sur-
geon must have deep knowledge of the local 
anatomy, the biomechanics of fracture fi xation 
and patterns of the physiopathology of fracture 
healing. The surgeon should individualise the 
operative treatment respecting numerous factors, 
such as the patient’s age, pre-existing levels of 
activity, medical morbidity and expectations 
[ 103 ]. Injury considerations should include the 
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extent of fracture comminution and joint impac-
tion, associated injuries and condition of the soft 
tissues. Numerous studies have shown that infec-
tion and non-union/malunion are the two most 
severe complications [ 13 ,  103 ,  104 ]. 

 Unicondylar and bicondylar plateau fractures 
in young patients, with good bone stock and a 
few well-defi ned articular fragments, do well 
with modern reduction and internal fi xation tech-
niques [ 104 ,  105 ]. Young patients’ fractures 
should be anyway addressed at the best achiev-
able anatomic articular reconstruction, even 
when the comminution is substantial. This leads 
the surgeon to opt for a traditional surgical strat-
egy (open submeniscal arthrotomy, the amount of 
screws and plates depending on the fracture pat-
tern), sometimes associated with an arthroscopic 
look [ 106 ]. When the skin or the soft-tissue con-
ditions do not allow for a traditional ORIF, the 
metaphyseal fracture can be fi xed by means of an 
external frame, more often circular [ 106 ,  107 ]. 
The external fi xation treatment is commonly 
accepted only in Schatzker V/VI type fractures, 
where other indications should be cautiously 
considered [ 107 ]. 

 When the patient is osteopenic, old, with low 
functional demands, the fracture is bicondylar, 
largely comminuted, circular external frame, 
with or without a minimally invasive joint recon-
struction, can be a valuable option for the sur-
geon [ 106 ]. In the patients unable to cope with 
adequate pin care, a functional brace [ 106 ], pos-
sibly followed by a total-knee arthroplasty, may 
be preferable [ 107 ]. 

 Whether internal or external fi xation tech-
niques are used, appropriate management of the 
soft tissues is the cornerstone in the successful 
treatment of these injuries. When extensive com-
minution and compromised soft tissues advise 
against internal fi xation techniques, circular 
external fi xators provide an excellent alternative 
option, even in young patients. 

 The goal of internal fi xation is to provide sta-
ble fi xation of a reduced fracture, resistant 
enough to permit early range of motion. Although 
the prognosis for surgically treated tibial plateau 
fractures has improved due to a better under-
standing of soft-tissue management, preoperative 

planning and fi xation techniques, complications 
are still common. In a randomised prospective 
study by Wyrsch et al. [ 108 ], 15 operative com-
plications in 7 patients treated with ORIF were 
described, as opposed to 4 complications in 4 
patients managed with external fi xation. 

 The infection rate following ORIF in tibial 
plateau fractures varies between 2 % [ 109 ] and 
11 % [ 110 ]. A 9 % deep vein thrombosis rate was 
reported in patients treated nonoperatively, while 
a 6 % rate in patients treated with ORIF [ 111 ]. 

 In a study by Lachiewicz and Funcik [ 112 ], 43 
displaced tibial plateau fractures were treated by 
means of ORIF and 14 patients required hard-
ware removal. Fixation failure with wound break-
down and infection is often a disastrous 
complication that may ultimately lead to a sec-
ondary knee arthrodesis. 

 Hybrid techniques of closed reduction, mini-
mal internal fi xation and external fi xation have 
shown lower infection rates compared with inter-
nal fi xation [ 113 ]. 

 It has been observed that, in femur shaft frac-
tures, the risk of contamination is higher if the 
external fi xator screws are maintained for more 
than 2 weeks. Therefore, converting the bridging 
fi xator to an ORIF before 2 weeks is recom-
mended [ 114 ]. As this is not always possible, the 
screws must be placed far away from the subse-
quent surgical approach. In order to avoid posi-
tioning the proximal wires into the joint capsule 
and to reduce the risk of septic arthritis, the 
entrance point of the wire should be at least 
14 mm distal to the joint line [ 115 ]. In 1995, 
Marsh et al. [ 116 ] reported 21 complex fractures 
of the tibial plateau in 20 patients who were 
treated with closed reduction, interfragmentary 
screw fi xation of the articular fragments and 
application of unilateral, half-pin external fi xator. 
Within the fi rst 38 months, seven patients needed 
antibiotics for an infection at the pin site, and one 
had septic arthritis requiring arthrotomy and 
debridement [ 116 ]. 

 In another study of 14 patients affected by high-
energy atypical Schatzker type I and II fractures 
treated with internal fi xation associated with the 
Ilizarov frame, fi ve patients had minor pin track 
complications, and one had a superfi cial wound 
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dehiscence. This combined approach has shown 
excellent results, without any severe soft- tissue dis-
tress, when the fracture pattern was complex [ 117 ]. 

 The complications following tibia fractures 
can be divided into early (i.e. loss of reduction, 
deep vein thrombosis, infection) or late (i.e. non- 
union, malunion, implant breakage, post- 
traumatic arthritis, chronic infection). Early 
complications can be viewed as biological fail-
ures, while late complications are often associ-
ated with mechanical problems. 

10.2.1     Infection 

 Wound-related problems are frequent and devas-
tating complications that may lead to deep 
infection. 

 Damage to the soft-tissue envelope in the 
proximal tibia is frequently underestimated. 
Surgical incisions through bruised skin [ 118 ], 
with large dissection for implant positioning, 
often contribute to early wound breakdown and 
deep infection [ 13 ,  109 ,  119 – 121 ]. 

 In one retrospective study of displaced tibial 
plateau fractures, treated with open reduction, 
infection occurred in 6 out of 19 AO-Muller 41. 
B3 (Schatzker type II) fractures (32 %) and in 7 
out of 8 AO-Muller 41. B3.3 (Schatzker type IV) 
fractures. When fracture is complicated by infec-
tion, fi ve, on average, subsequent surgical proce-
dures were needed. [ 119 ]. 

 Yang et al. [ 122 ], in a study of 44 metaphyseal 
dissociation fractures of the proximal tibia 
(Schatzker type VI) reported six deep infections 
(13.63 %). 

 Careful surgical timing, limited periosteal dis-
section and the reduced dissection of commi-
nuted bone fragments are likely to decrease these 
complications [ 54 ,  72 ]. 

 Preoperative CT scan is a very important 
instrument in preoperative planning, to establish 
the best strategy in choosing incisions and priori-
ties, to plan the hardware (screws, plates) to be 
implanted, the need for bone graft, etc. Indirect 
reduction techniques using a femoral distractor, 
ligamentotaxis, percutaneous reduction clamps, 
small implants and percutaneously inserted can-

nulated screws further decrease the possibility of 
soft-tissue devascularization, wound dehiscence 
and deep infection [ 54 ,  123 ]. 

 Twenty-four patients with Schatzker type VI 
tibial fractures, treated with small wire external 
fi xation supplemented by limited internal fi xa-
tion, were studied by Mikulak et al. [ 124 ] with a 
minimum follow-up of 12 months. There were 
only one septic arthritis and two infections at the 
screw site [ 124 ]. 

 If wound breakdown occurs, a prompt aggres-
sive surgical approach should be indicated. 
Irrigation and debridement of all devitalised and 
non-articular bone fragments and soft tissues are 
mandatory. To prevent septic arthritis and carti-
lage destruction, the knee joint should be thor-
oughly evaluated and irrigated. A deep wound 
infection with abscess formation should be 
packed open and closed secondarily, often by 
split-skin grafting. If a small sinus without frank 
pus is encountered, the wound can sometimes be 
closed over suction drains, after irrigation and 
debridement. In both scenarios, appropriate anti-
biotics, specifi c for the bacteria identifi ed, are 
given intravenously for 3–6 weeks [ 118 ,  119 ]. 

 The duration of antibiotic therapy must be 
correlated with the clinical appearance of the 
wound, laboratory assessment of infection 
parameters (erythrocyte sedimentation rate, 
C-reactive protein and white blood cell count) 
and antibiogram reports. 

 In the presence of infection, implants that pro-
vide stability should be retained; however, if 
loose, they should be removed and the fracture 
treated with external fi xation. When the infection 
signs have eradicated, the fracture should be bone 
grafted if there is delay in healing. Revision inter-
nal fi xation after sepsis requires careful judge-
ment and great experience [ 118 ,  119 ].  

10.2.2     Malunion and Non-union 

 Malunion, with late articular collapse, or defor-
mation of the metaphysis-shaft junction, can 
occur after operative treatment of tibial plateau 
fractures [ 116 ]. A stable fi xation generally 
reduces the incidence of these complications. If 
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the mechanical axis is altered, an osteotomy to 
restore the neutral mechanical alignment is indi-
cated. If malunion involving the articular surface 
occurs in an old patient, a total-knee arthroplasty 
may be the best salvage procedure. In some cir-
cumstances, a loss of articular reduction occurs 
when a major joint fragment is displaced. In these 
cases, early revision of the fi xation should be 
considered, particularly if the displacement 
causes joint instability; late revision is extremely 
diffi cult. 

 Non-union is a rare complication after low- 
energy plateau fractures, because of the predomi-
nance of cancellous bone and the rich blood 
supply of the proximal tibia. It is most often seen 
in Schatzker type VI injuries, at the metaphyseal- 
diaphyseal junction. Non-union is usually the 
result of severe comminution, unstable fi xation, 
unsuccessful bone grafting, mechanical failure of 
the implant, infection or a combination of these 
factors. In a study of 48 patients with 50 severe 
fractures of the proximal tibia treated with the 
use of limited internal fi xation combined with 
external fi xation and followed prospectively for 2 
years, Weiner et al. [ 125 ] reported a 4 % rate of 
non-union requiring bone grafting. Treatment of 
non-union may be diffi cult, because of pre- 
existing/secondary osteoporosis, proximity to the 
knee joint (synovial effusion), soft-tissue scar-
ring and prior surgical procedures. 

 Aseptic non-union in patients with a good 
bone stock should be bone grafted and the osteo-
synthesis should be revised, fi xing the existing 
mechanical problems. In patients with signifi cant 
osteopenia, treatment must be individualised. 
Internal or external fi xation alone, or hybrid fi xa-
tion, may be appropriate. Infected non-unions 
and bone defi ciency require thorough early 
debridement of dead/infected tissue, possible 
implantation of antibiotic beads, free or rota-
tional tissue fl aps and external fi xation.   

10.3     Patella 

 The incidence of patella fractures has been esti-
mated to be around 1.2 to 6.1 per 100,000 person- 
years [ 126 ,  127 ], with epidemiologic data from 

Sweden, suggesting an increasing incidence in 
the last 30 years [ 128 ]. The risk of symptomatic 
hardware and knee stiffness after internal fi xation 
is a major issue. Although hardware failure and 
non-union are thought to be relatively infrequent, 
symptomatic hardware remains a problem and 
often requires additional procedures [ 129 ]. 

 Hardware removal after patella ORIF ranges 
from 0 to 60 % [ 129 ]. The wide variability 
of these reports leaves the true frequency of 
re- operation and complications debated. 
Christopher et al. [ 130 ] estimated the rate of re-
operation, infection and non-union to be, respec-
tively, 33.6 %, 3.2 % and 1.9 %. This is in 
accordance with data presented in a previous 
nonsystematic large series review [ 131 ]. It was 
demonstrated that age, gender, operative tech-
nique or date of publication did not signifi cantly 
infl uence the rate of re- operation, infection or 
nonunion [ 132 – 137 ]. 

 Other studies have shown that the incidence of 
non-union or delayed union of patella fractures is 
rare and ranges between 2.7 and 12.5 % [ 138 ]. 
The treatment of this complication can be chal-
lenging. The decision making is based on the 
functional requests of the patient, the causes of 
the non-union, the potential impact and the bio-
mechanical effects of a total patellectomy, the 
presence of an intact extensor mechanism for 
subsequent reconstructive procedures. 

 The importance of restoring the extensor 
mechanism preserving the patella is well docu-
mented, and patellectomy should be reserved to 
limited cases. 

 The treatment of patella non-union and 
delayed union is a challenging problem with lim-
ited evidence in the literature. In addition, there 
are no current procedural terminology (CPT) 
billing codes for surgical procedures for patella 
non-union or delayed union. As this complica-
tion is rare, whether to preserve the entire patella 
or perform a patellectomy is a dilemma. 

 In a series of 246 fractures followed up after 
nonoperative treatment, Boström [ 139 ] reported 
no pain or discomfort in 89 % and normal or 
slightly impaired function in 91 % of the cases. 
The range of motion was 0–120° in more than 90 %. 
Operative management (open reduction and 
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internal fi xation, partial/total patellectomy) is the 
mainstay of treatment. 

 Preservation of the patella was described as 
early as 1919 [ 140 ]. The preservation of the 
patella is recommended in order to reduce the 
negative effects of patellectomy, including loss of 
18° or more of knee motion, instability of the 
knee, 49 % reduction in the strength of the exten-
sor mechanism and reduction in stance phase 
fl exion excursion both in walking and stair climb-
ing [ 141 ]. 

 Kaufer [ 142 ] reported that after patellectomy, 
the knee extension requires a 30 % increase in 
quadriceps force. This force may be beyond the 
capacity of some patients, particularly those with 
long-lasting intra-articular disease, old age, high 
activity demands and an extensor mechanism 
defi ciency before surgery. Anterior tension band 
wiring appears to restore excellent functional 
integrity in approximately 86 % of patients with 
very low complication rates [ 133 ,  143 ]. The com-
plications most commonly reported were infec-
tion, loss of motion, hardware-related problems, 
refracture and delayed union or non-union. 

 Most patients with low functional demands 
with patellar non-union or delayed union are able 
to perform the activities of daily living with few 
symptoms. However, they experience diffi culties 
in heavy work or sports activities, weakness of 
the affected knee. They have diffi culties in climb-
ing stairs, as they tend to adapt a gait pattern 
where they rotate the lower limb internally and 
stabilise the knee in an extended position. 

 The risk factors for the development of non- 
union or delayed union of patellar fractures are 
not well defi ned. However, some factors are more 
frequently associated with mal/non- consolidation, 
including open and transverse fractures or poor 
immobilisation in conservative treatment. Strong 
correlations exist between open fractures and the 
development of non-union. Torchia and Lewallen 
[ 136 ] reported two patients (7 %) who developed 
non-union among the 28 patients treated with 
open reduction and internal fi xation for open 
patella fractures. 

 Klassen and Trousdale [ 138 ] reported 4 (21 %) 
open fractures out of 19 patients with patellar 
fractures. Open fractures of the patella occur in 

high-energy trauma and result in high-grade soft- 
tissue injury, disruption of the extensor mecha-
nism and injury to the patellofemoral articular 
cartilage. Satku and Kumar [ 144 ] and Uvaraj 
et al. [ 145 ] noted that approximately 90 % of 
their patients underwent a non-surgical treat-
ment. Inadequate immobilisation is a well- 
recognised cause of poor fracture healing. 
Information regarding the amount of initial frac-
ture displacement was not recorded in most of the 
studies; therefore, the risk of non-union and 
delayed union relative to the amount of fracture 
fragment displacement could not be assessed. 

 Satku and Kumar [ 144 ] noted that following 
mobilisation and anterior tension band wiring of 
the fragments in patella fracture non-union, addi-
tional fi xation was required. A tension loop 
between the proximal fragment and the tibia was 
used to protect the anterior tension band over the 
patella during knee range of motion. Two patellae 
out of three cases were evaluated as low-lying 2 
years postoperatively. The theoretical cause of a 
low-lying patella (patella baja or infera) is a 
shortening of the patellar tendon over time which 
alters the biomechanics of the knee. Providing 
supplementation fi xation in the region of the 
patellar tendon may act as an internal bracing 
during the initial rehabilitative period, but may 
also act as a compressive force that shortens an 
already reduced patellar tendon. 

 Klassen and Trousdale [ 138 ] reported a mean 
Knee Society score of 72 and function score 
of 78 points, with an average knee range of 
motion of 127° in patients with patella non-union 
treated conservatively. Patients treated opera-
tively improved their mean Knee Society score 
from 82 to 94 points and improved their function 
scores from 80 to 93 points. However, the aver-
age knee motion decreased from 112° to 109°. 
All patients treated nonoperatively had persistent 
radiographic non-union signs and this was 
observed in only one patient of the operated 
group. 

 Uvaraj et al. [ 145 ] noted good to excellent 
results based on the Bostman criteria in 20 out of 
22 patients treated operatively for patella fracture 
non-union and delayed union. Two patients had 
poor results due to infection, implant failure and 
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loss of motion. The authors described diffi cult 
reductions in most of their patients. An initial 
cerclage wiring followed by anterior tension 
band wiring was helpful. The cerclage wire was 
removed after application of the tension band in 
most patients. None of the patients received 
quadricepsplasty for mobilisation of the 
fragments. 

 Partial or total patellectomy may be required 
when the patella cannot be saved. Klassen and 
Trousdale [ 138 ] recommended partial or total 
patellectomy when the fracture pattern or frag-
ment size do not allow for internal fi xation. 

 No specifi c recommendation regarding the 
use of bone grafts exists in literature. Klassen and 
Trousdale [ 138 ] reported bone grafting in two 
patients, but did not provide background infor-
mation for their indications. 

 The incidence of osteoarthritis after non-union 
and delayed union of patella fractures is debated. 
Sorensen [ 146 ] noted that the risk of patellofem-
oral osteoarthritis was similar following nonop-
erative or operative fracture management. 
Boström [ 139 ] noted that there was no increased 
rate of patellofemoral osteoarthritis due to non- 
union, delayed union and enlargement of the 
patella. The author also noted osteoarthritis was 
more common with an articular surface step off 
of 1 mm or more. 

 The development of osteoarthritis primarily 
depends on the amount of cartilage damage that 
occurs during the initial injury. Mehdi et al. 
[ 147 ], in a series of 203 cases of patella fracture 
treated with tension band wiring, reported that 17 
out of 203 patients (8.5 %) developed patello-
femoral arthritis. 

 Non-union and delayed union of fractures of 
the patella are uncommon. However, open frac-
tures, improper immobilisation and the initial 
fracture confi guration should raise the surgeon’s 
vigilance. Patients with low functional demands 
may be managed with nonoperative methods; on 

the other hand, patients involved in heavy physi-
cal work or sports usually require open reduction 
and internal fi xation. Operative management 
appears to play a major role in restoring the func-
tional integrity of the extensor mechanism. 
Tension band wiring is the treatment of choice 
for patients suitable for a reconstructive proce-
dure. Partial or total patellectomy is also an 
option for small distal fragments or when satis-
factory internal fi xation cannot be achieved. 
Regarding the management of non-union and 
delayed union following patella fractures, pro-
spective, randomised, multicentre studies are 
needed to develop evidence-based recommenda-
tions (Figs.  10.1 ,  10.2 ,  10.3 ,  10.4 , and  10.5 ).

  Fig. 10.1    Male, 53 years old at the time of the trauma, 
obese, diabetes mellitus, hardworker. Patient was referred 
to our institution from a suburban hospital for a left sacro-
iliac dissociation 1 month after an MVA. Coexisting left 
open distal femur fracture, AO 33.C1, treated initially by 
means of closed reduction and hybrid external fi xator. The 
knee ROM was about 40°-10°-10°       
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  Fig. 10.2    Six months after the trauma, no signs of radiological healing, the fracture site was still unstable. The frame 
was removed, the patient was put in a splint for 45 days in order to achieve wound healing       

  Fig. 10.3    Post-op x-ray after non-union site debride-
ment, open reduction, fi xation with an LCP-LISS 4.5 
plate in compression. At the same time extra-articular 
arthrolysis getting a satisfactory ROM in the operating 
room (130°-5°-5°). Full weight bearing was allowed 2 
days after surgery (after drain removal)       

  Fig. 10.4    Six months after non-union revision. The 
patient was walking with no crutches, no pain, ROM 
100°-5°-5°, very mild limping       
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11.1      Introduction 

 The treatment of diffuse or unicompartmental 
knee arthrosis in the young patient is still a 
 challenge for the orthopedic surgeon. The ideal 
management should resolve the pain, restore the 
function, and preserve the anatomy without jeop-
ardizing, if  necessary, an eventual subsequent 
total joint replacement. The goal of this chapter is 
to discuss the range of possible treatments for 

patellofemoral (PF) and femorotibial post- 
traumatic arthrosis, when the degeneration is too 
severe to perform cartilage resurfacing proce-
dures and the patient is too young and active to 
undergo a total joint replacement.  

11.2     Patellofemoral Joint 

11.2.1     Clinical Examination 

 The history of patients with post-traumatic PF 
arthrosis should be thoroughly evaluated, with 
particular attention to the traumatic  mechanism, 
previous reduction and fi xation procedure, 
patellar dislocation, residual instability, and 
previous additional procedures (arthroscopic 
debridement, microfractures, lateral release, 
and extensor mechanism realignment). Patients 
typically report pain during fl exed knee 
 activities that increase PF pressure, and these 
include (1) squatting, (2) prolonged seated 
position, (3) going up, and, more commonly, 
downstairs. The physical examination should 
commence with an assessment of the whole 
lower limb, with particular attention to axial 
and rotational deformities. The range of motion 
(ROM) of the knee should be evaluated together 
with the patellar tracking. Evaluation of medial 
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and lateral patellar displacement, patellar tilt, 
and focal areas of pain is essential. The Q angle 
is the angle formed by a line drawn from the 
anterosuperior iliac spine (ASIS) to the center 
of the patella and a second line drawn from the 
center of the patella to the tibial tubercle; 
the Q angle can be measured clinically or 
 radiographically on long leg X-rays. The 
 normal values are 14 deg (+⁄− 3) for males and 
17 deg (+⁄− 3) for females [ 1 ].  

11.2.2     Imaging and Preoperative 
Workup 

 Radiographically, anteroposterior, true lateral, 
Rosenberg, and axial (Merchant or skyline) views 
are required for a correct evaluation of the PF 
joint. Hip-to-ankle single weight-bearing radio-
graphs may be required to evaluate lower limb 
axial deformities. Traditional radiographs are 
useful to determine the severity of arthritic 
degeneration, possible patellar tilts, Q angle 
(long leg X-rays), patellar height (Insall-Salvati, 
Caton-Deschamps, or Blackburne-Peel indices), 
and trochlear dysplasia (crossing sign, double 
contour, and anterior spur evident on true lateral 
views of the knee). 

 Computed tomography (CT) and magnetic 
resonance imaging (MRI) are often required to 
complete PF joint evaluation. CT has been con-
sidered for more than 20 years as the gold stan-
dard for measuring the tibial tuberosity- trochlear 
groove distance (TT-GT), the tilt angle, the sul-
cus angle, and the congruence angle and for 
studying the anatomy of the patella and troch-
lea. CT is the gold standard also for the quanti-
fi cation of torsional defects of the lower limb 
(most of all femoral antiversion, but also tibial 
external rotation), which may considerably 
affect PF tracking, predisposing to instability. 
For this purpose, with the patient supine and the 
feet 15° externally rotated, sections are obtained 
at the level of the femoral neck, PF joint, tibial 
tubercle, and ankle joint. 

 Dynamic CT scan with the quadriceps con-
tracted at different degrees of knee fl exion may 
be useful to precisely assess the patellar tracking, 
when the clinical examination is not suffi cient. 

 Recently, many authors expanded the indica-
tions of MRI to include different measurements 
(TT-GT distance, tilt angle, sulcus angle, and 
congruence angle) besides the articular cartilage 
and soft tissue evaluation. 

 The TT-GT measures the distance between 
the deepest part of the trochlear groove and the 
tibial tubercle. Normal values range from 10 to 
15 mm [ 2 ]. When the value is >15 mm lateral, 
PF excessive pressure syndrome is usually pres-
ent, and distal extensor mechanism realignment 
may be considered alone or combined with 
other procedures.  

11.2.3     Classifi cation 

 Since osteochondral defects are not one of the 
goals of this chapter, any classifi cation system for 
knee arthrosis may be used. Merchant et al. [ 3 ] 
specifi cally staged the severity of PF disease 
based on the 45° skyline view as stage zero is 
normal; stage one is mild with more than 3-mm 
joint space; stage two is moderate with less than 
3-mm joint space but no bony contact; stage three 
is severe with bony surfaces in contact over less 
than one quarter of the joint surface; and stage 
four is very severe with bony contact throughout 
the joint surfaces.  

11.2.4     Indications 

 The treatment of isolated post-traumatic PF joint 
arthrosis is challenging, and no decision-making 
algorithms are available in the English literature. 
The treatments described for this condition include 
(1) conservative management, (2) cheiloplasty or 
facetectomy (with or without lateral release or 
medial plication), (3) patellectomy, (4) tibial 
tubercle osteotomy, (5) PF joint replacement, and 
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(6) total joint replacement. Cartilage resurfacing 
alone or with realignment procedures is indicated 
in young patients with focal defects, but this is not 
the focus of this chapter. 

11.2.4.1     Conservative Treatment 
 Conservative treatment is mainly focused on (1) 
intra-articular injections (corticosteroids or vis-
cosupplementation), (2) core and strengthening 
of the thigh muscles, (3) bracing, (4) weight loss, 
and (5) nonsteroidal anti-infl ammatory drugs 
(NSAIDs).  

11.2.4.2     Lateral Retinacular Release 
 In patients with early lateral PF arthritis, lateral 
release may be considered. This may relieve the 
symptoms of pain, but does not always result in a 
normal patellar alignment. If there are overhang-
ing lateral osteophytes, these can be removed at 
the same time arthroscopically or with open tech-
nique, if an extracapsular lateral release is pre-
ferred [ 4 ].  

11.2.4.3     Patellectomy 
 Even though the results reported for patellec-
tomy appear controversial, patellar removal 
undoubtedly reduces extensor mechanism func-
tion and affects the functional outcomes of any 
later total knee replacement (TKR) [ 4 ]. In our 

view, patellectomy should be avoided if possi-
ble and reserved to those patients who are not 
candidate to any resurfacing or replacement 
procedure (i.e., active infection, severe post- 
traumatic abnormalities of the extensor mecha-
nism, etc.).  

11.2.4.4     Tibial Tubercle Osteotomy 
 Tibial tubercle osteotomy was popularized by 
Maquet (anterior displacement) and Elmslie- 
Trillat (medial displacement), and good results 
were reported in terms of realignment [ 2 ]. 
Nevertheless, the functional outcomes in PF 
arthrosis were reported to be satisfactory in 
65–80 % of the patients [ 4 ]. Although little inde-
pendent literature is present about Fulkerson’s 
procedure (anteromedial displacement), this 
technique seems to produce good results in early 
PF arthrosis. This technique can be performed 
alone in case of early lateral PF arthrosis due to 
malalignment or combined with PF arthroplasty 
in case of severe articular degeneration and 
patellar maltracking (Figs.  11.1  and  11.2 ).

11.2.4.5         Patellofemoral Arthroplasty 
 Patellofemoral arthroplasty (PFA), fi rst attempted 
in the 1970s, recently rose in popularity for the 
treatment of isolated PF arthrosis in the young 
patient. PFA indications include (1) severe PF 

  Fig. 11.1    Isolated initial PF arthrosis with malalignment. ( a–c ) Postoperative skyline, anteroposterior, and lateral 
views of the knee, after minimally invasive PF arthroplasty and Fulkerson’s distal realignment       
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  Fig. 11.2    Intraoperative pictures of the case described in 
Fig.  11.1 . ( a, b ) Arthroscopic evidence of bone-on-bone 
PF arthrosis. ( c ) Component positioning. ( d, e ) Fulkerson’s 
distal realignment and fi xation of the tubercle osteotomy 

with 2 cortical screws. ( f ) Arthroscopy performed 18 
months later for other reasons, showing good PF tracking 
and alignment       
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arthrosis; (2) failure of conservative treatment (for 
at least 6 months); (3) absence of symptomatic 
tibiofemoral arthrosis; (4) absence of malalign-
ment (or when malalignment has been corrected); 
(5) intact surrounding menisci, cruciate, and col-
lateral ligaments; and (6) patients older than 40 
years old. Many implants with different features 
are available on the market. These can be mainly 
divided in three types: (1) inlay implants (the 
trochlear component surface is at the same level 
of the surrounding articular surface); (2) onlay 
implants (the trochlear component surface is 
prominent compared to the surrounding articular 
surface) (Figs.  11.3  and  11.4 ); and (3) minimally 
invasive implants (with minimal cartilage/bone 

resection and component implantation with inlay 
technique) (Figs.  11.1  and  11.2 ).

11.2.4.6         Minimally Invasive 
Patellofemoral Implants 

 Minimally invasive PFAs have been recently intro-
duced (Figs.  11.1  and  11.2 ). The goal of these 
implants is to replace only the degenerated area of 
the PF joint with inlay components that require 
minimal bone resection, preserving the bone stock 
for and easier subsequent TKR [ 5 ]. However, 
these implants are rarely used in post- traumatic PF 
arthrosis, due to the diffuse degeneration of the 
joint, requiring larger arthroplasties.   

  Fig. 11.3    Isolated severe PF arthrosis. ( a, b ) Preoperative skyline and lateral views of the knee. ( c, d ) Postoperative 
skyline and lateral views of the knee, after formal PF replacement       
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11.2.5     Surgical Techniques 

11.2.5.1     Tibial Tuberosity Osteotomy 
 In the Fulkerson’s procedure, a 5–6 cm anterior 
incision slightly lateral to the tibial tuberosity is 
performed, starting at the level of the joint line 
and prolonged distally. If combined lateral 
release is planned, this can be either done 
arthroscopically or open (extending the incision 
proximally). The tibialis anterior is elevated from 
the lateral surface of the tibia with a Cobb eleva-
tor. The medial and lateral borders of the patellar 
tendon and tuberosity are carefully delineated. 
The periosteum along the medial side of the 
tuberosity is incised 5–8 cm distal to the 

 tuberosity. Distally, the osteotomy should narrow 
and taper, allowing it to act as a hinge. One or 
two 1.5-mm K wires are inserted from the antero-
medial aspect of the tuberosity to the  posterolateral 
aspect, with an inclination of about 30°. The oste-
otomy is performed (anterior with respect to the 
K wires) with a thin oscillating saw and com-
pleted with osteotomies. Once the osteotomy is 
completed proximally and preserving the distal 
hinge, the tibial tuberosity is anteromedialized. 
Usually no more than 1 cm of medialization is 
needed. Temporary stabilization is achieved with 
a Steinman pin placed lateral to the tibial 
 tuberosity bone block. Fixation is achieved with 
two bicortical 4.5-mm cortical screws (Fig.  11.2 ).  

a

c d

b

  Fig. 11.4    Intraoperative pictures of the case described in 
Fig.  11.3 . ( a ) Control of patellar resection and residual 
thickness. ( b ) Patellar sizing and preparation. ( c ) 

Defi nitive femoral component cementation. ( d ) 
Positioning of both components       
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11.2.5.2     Patellofemoral Arthroplasty 
(PFA) 

 If previous surgical scars do not need to be 
incorporated in the incision, a midline skin 
incision is performed to allow for future 
TKR. Quadriceps tendon, midvastus, and subv-
astus approaches may be used (Fig.  11.4 ). Some 
authors advocate the use of a lateral arthrotomy 
in order to better balance the lateral soft tissues 
after the implant. The patellar cut is performed 
fi rst in order to allow for easier patellar disloca-
tion during femoral preparation. All the osteo-
phytes are removed, and the patellar cut is made 
to reestablish the original thickness with 
implant in place (Fig.  11.4a ). For trochlear 
preparation, the fi rst step is to remove the 
synovium, osteophytes, and fat from the ante-
rior femur immediately adjacent to the most 
proximal extent of the trochlea. This allows 
direct visualization of the anterior femoral cor-
tex, correct implant positioning, avoiding ante-
rior femoral notching. If not markedly 
dysplastic, distal native trochlea is used for the 
femoral component orientation, together with 
the Whiteside’s line and the transepicondylar 
axis. Some authors advocate 3° of external rota-
tion as for the TKR, some others a neutral rota-
tional alignment. If 3° external rotation is 
preferred, the “grand-piano” sign should be 
evident after the anterior femoral cut; on the 
contrary, if neutral rotation is planned, the cut 
femur typically presents the “butterfl y sign.” 
The trial components are then positioned, and 
tibial tubercle osteotomy is performed, if 
planned preoperatively. At this point, patellar 
tracking, possible tilt, and stability are checked 
throughout the complete range of motion of the 
knee. Soft tissue procedures (i.e., lateral release 
or medial reconstruction/plication) can be per-
formed to treat these conditions. Possible 
clunking should be ruled out during the fi rst 30° 
of fl exion and at full fl exion. The causes of the 
clunk may be (1) osteophytes, (2) soft tissues, 
and (3) femoral component malpositioning 
(undersizing or too superfi cial positioning of 
the inlay implant) [ 6 ]. Finally, defi nitive com-
ponents can be implanted (Fig.  11.4 ).  

11.2.5.3     Pearls and Pitfalls 
 Many of the patients undergoing surgery for PF 
pain had previous surgical procedures or trauma 
(fractures, dislocations, etc.), and attention should 
be paid to incorporate previous scars in the new 
incision and correctly balance the soft tissues, when 
performing a tibial tubercle osteotomy or a PFA. 

 Although there are no evidences about the 
amount of displacement required for the Fulkerson’s 
osteotomy, overcorrection is not recommended, 
and an anteromedial displacement of 1–1.5 cm is 
usually suffi cient to achieve good outcomes. 

 Correct component positioning, mainly on the 
femoral side, is mandatory in PFA: (1) excessive 
internal or external rotation should be avoided, 
and neutral or slight external (3°) rotation is the 
goal to achieve; (2) a correct sizing of the femoral 
component is important to avoid anterior femoral 
notching, (and 3) distal tip of the implant should 
not be prominent or below the roof of the notch. 

 When performing PFA, any malalignment, 
patellar tilt, or instability should be corrected 
concurrently, with the trial components posi-
tioned. After trial component placement, patellar 
tracking should be checked as well, applying a 
proximal traction to the quadriceps tendon [ 6 ].   

11.2.6     Postoperative Regimen 

 Following a Fulkerson’s osteotomy, immediate 
full weight bearing is protected by a hinged knee 
brace locked in full extension for 4–6 weeks. The 
brace can be removed 15 days after surgery to 
perform passive range of motion exercises. 

 Postoperative rehabilitation for PFA, lateral 
release, and facetectomy is straightforward, with 
early ROM exercises, muscle strengthening, and 
weight bearing as tolerated immediately after 
surgery.  

11.2.7     Results 

 Total patellectomy showed to weaken the knee 
joint, require a long rehabilitation scheme for 
success, and compromise a following TKR. This 
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surgical procedure can also leave residual pain, 
especially if trochlear changes are present. 
Although good to excellent results up to 87 % 
have been reported for patellectomy [ 4 ], this pro-
cedure should be avoided if possible in the young 
and active patient, because of the considerations 
mentioned above. 

 The excellent long-term results of TKR main-
tain debated the controversy between TKR and 
PFA in the treatment of isolated PF arthrosis in the 
older patient. However, newer PF implants and 
surgical techniques deliver good results beyond 10 
years with failures predominantly resulting from 
tibiofemoral compartment arthritis progression 
[ 6 ]. Therefore, PFA is becoming an attractive and 
promising treatment option for isolated PF arthro-
sis in the young/active patient, without “burning 
bridges” for a subsequent TKR, if necessary. For 
the clinical results of  specifi c implants, we refer to 
the recent review by Lustig [ 7 ].  

11.2.8     Authors’ Preferred Technique 

 The authors’ indications for the treatment of iso-
lated PF arthrosis are as follows:

•    Conservative treatment: for all the patients, except 
in stage four arthrosis, where the benefi cial effects 
of physical therapy are unpredictable.  

•   Arthroscopic debridement and lateral release: 
in patients with lateral tilt, PF lateral overload, 
and initial degenerative changes.  

•   Fulkerson’s tibial tubercle osteotomy: in case 
of malalignment and arthrosis predominantly 
localized in the lateral PF joint. The osteot-
omy can be associated with (1) cartilage repair 
procedures (ACI, microfractures) in young 
patients (<40 years of age) with initial arthro-
sis or focal osteochondral defects and (2) PFA 
in older patients, if malalignment is present.  

•   Minimally invasive PFA: in patients with >40 
years of age, central PF joint arthrosis, and no 
marked trochlear dysplasia.  

•   Traditional PFA: in patients with >40 years of 
age, diffuse PF joint arthrosis, and/or trochlear 
dysplasia.      

11.3     Femorotibial Joint 

11.3.1     Clinical Examination 

 History of the trauma, fracture, or knee surgery 
(arthroscopic debridement, meniscal or ligamen-
tous surgery) needs to be clearly evaluated. 
Patients with femorotibial post- traumatic arthro-
sis typically report pain, swelling, catching, or 
locking, limited ROM as main symptoms. 
Initially, the pain is fl uctuating and with mechan-
ical features; increasing with weight bearing, 
walking, and sustained or sports activities; and 
decreasing with rest. Stiffness is common in the 
morning or when the patient starts walking after 
prolonged rest and usually improves after 30 min 
as well as with activity. As the degenerative pro-
cess progresses, the periods of relief from symp-
toms become shorter, until the patients experience 
continuous and sometimes night pain. 

 On the physical examination, gait (showing 
limp or thrust), lower limb alignment, pain loca-
tion, knee ROM, stability, and muscular strength 
should be evaluated. Malalignment, especially 
valgus, is common in the post- traumatic knee. 
Localized tenderness at the joint line and uni-
compartmental or widespread pain may be 
observed. To clinically assess the unicompart-
mental pain, the physician can use the “one-fi n-
ger test” [ 8 ]. Patients can usually locate with one 
fi nger the tenderness point on the involved com-
partment. Otherwise, when the patient grabs the 
entire knee, often bicompartmental or tricom-
partmental arthrosis is present. Meniscal signs 
and stability tests need to be performed. 
Sometimes, unicompartmental knee arthrosis 
may mimic a meniscal injury in the involved 
compartment.  

11.3.2     Imaging and Preoperative 
Workup 

 Radiographic evaluation includes bilateral 
weight-bearing anteroposterior (AP) views in 
full extension as well as tunnel views at 30° of 
fl exion or Rosenberg views at 45° of fl exion [ 9 ]. 
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Lateral and skyline views are also obtained. A 
weight- bearing hip-to-ankle AP view is obtained 
to measure the lower extremity alignment. CT 
scan is usually required to better study the mal-
union and the intra-articular gap. MRI may be 
required to assess any other bony or soft tissue 
pathologies (meniscal tears, ligamentous 
lesions, osteochondral defects, avascular necro-
sis, etc.).  

11.3.3     Classifi cation 

 In 1980 Ahlbäck [ 10 ] popularized a widely used 
classifi cation system for knee arthrosis, which 
includes fi ve grades: (1) narrowing of the articu-
lar space, (2) obliteration or almost obliteration 
of the articular space, (3) bone attrition less than 
5 mm, (4) bone attrition between 5 and 15 mm, 
and (5) bone attrition greater than 15 mm.  

11.3.4     Indications 

 Whenever possible, reduction and resynthesis of 
inadequately reduced tibial plateau fractures 
should be performed (Fig.  11.5 ). However, in 
most cases articular damage is too advanced to 
perform such procedure, and surgeons have to 
deal with post-traumatic femorotibial arthrosis, 
following malunited fractures.

   The treatments described for post-traumatic 
unicompartmental femorotibial arthrosis include 
(1) nonoperative management, (2) cartilage 
resurfacing procedure (Microfractures, OATS, 
ACI, and MACT), (3) high tibial osteotomy 
(HTO) and distal femoral osteotomy (DFO), (4) 
unicompartmental knee arthroplasty (UKA), and 
(5) unicondylar osteoarticular allografts. 

11.3.4.1     Conservative Treatment 
 Conservative treatment is indicated in early 
stage of femorotibial arthrosis due to minimally 
displaced fractures, in slightly symptomatic 
patients or in older patients who feel they are 
doing well enough to avoid any surgical options. 
It is mainly focused on (1) weight loss, (2) phys-
ical therapy (quadriceps strengthening, muscles 
stretching, and maintenance of ROM), 
(3)  analgesic and nonsteroidal anti-infl ammatory 
drugs (NSAIDs), (4) unloading bracing (most of 
all if malalignment is present), and (5)  intra- 
articular injections (corticosteroids and 
viscosupplementation).  

11.3.4.2     Osteotomies 
 In the young patient (<40 years old) with early 
degenerative changes of the femorotibial com-
partment, cartilage resurfacing procedure can be 
performed alone or combined with HTO/DFO. In 
the treatment of unicompartmental knee arthrosis 
associated with malalignment, osteotomies 

  Fig. 11.5    Lateral tibial plateau malunion and tibial 
tuberosity nonunion. ( a, b ) Preoperative  AP  and lateral 
views; ( c, d ) postoperative  AP  and lateral views, after 

debridement, elevation of the lateral plateau, resynthesis 
of the tibial tuberosity and lateral plateau       

 

11 Management of the Complications Following Fractures Around the Knee



138

(HTO and DFO) are indicated for the patients 
with (1) age <60 years, (2) active lifestyle, (3) 
isolated mild lateral (or medial) knee arthritis (I 
or II in according with the Ahlback classifi ca-
tion), (4) good ROM (knee fl exion >120°), (5) no 
fl exion contracture, and (6) intact medial (or lat-
eral) and patellofemoral compartment. Many 
techniques have been described in the literature 
(opening wedge, closing wedge, dome, and pro-
gressive callus distraction with external fi xator). 
In the treatment of the varus knee, opening wedge 
high tibial osteotomy (OWHTO) and closing 
wedge high tibial osteotomy (CWHTO) are the 
most commonly used techniques for corrections 
of malalignment up to 15°. In the treatment of 
lateral compartment arthrosis and valgus 
malalignment of the knee, lateral opening wedge 
distal femoral osteotomy (OWDFO) and medial 
closing wedge distal femoral medial osteotomy 
(CWDFO) have been described. When larger val-
gus or varus correction (>15°) is needed, dome 
osteotomy or progressive callus distraction with 

monoaxial or Taylor frame external fi xator is 
indicated. The preoperative planning for osteoto-
mies around the knee is described in Figs.  11.6  
and  11.7 .

11.3.5          Surgical Techniques 

11.3.5.1     Surgical Technique 
for Medial OWHTO 

 Concurrent arthroscopy can be performed to 
evaluate and treat any intra-articular patholo-
gies (Figs.  11.8  and  11.9 ). A 5–8 cm longitu-
dinal skin incision is made from 1 cm below 
the medial joint line midway between the 
medial border of the tubercle and the postero-
medial aspect of the tibia (Fig.  11.9 ). The sar-
torial fascia is incised, and the anterior portion 
of the superficial medial collateral ligament is 
elevated. The patellar tendon is protected 
throughout the whole procedure. A guide wire 
is placed across the proximal tibia from medial 

  Fig. 11.6    Particular of weight-bearing long leg radio-
graph for the planning of HTO. ( a ) Planning for opening 
wedge HTO. The alignment should be corrected of an 
alpha angle, in order to obtain a weight-bearing line pass-
ing through the 62.5 % of the width of the tibial plateau. 
The osteotomy line ( ab ) is defi ned from medial (≈4 cm 
below the joint line) to lateral (tip of the fi bular head). The 
line segment  ab  is transferred to the rays of the alpha 

angle from the vertex, in order to obtain the 2 line seg-
ments  a   i   b   i   and  a   i   c . The distance  b   i   c  is measured in milli-
meters and corresponds to the opening that should be 
achieved medially at the osteotomy site. ( b ) Planning for 
closing wedge HTO. The alpha angle is calculated and 
transferred to the osteotomy site on the proximal tibia, in 
order to have a triangle with lateral base       
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to lateral under fluoroscopic control 
(Fig.  11.9 ). The wire is positioned on the supe-
rior aspect of the tibial tubercle and oriented 
obliquely to 1 cm below the joint line at the 
lateral tibial cortex. The anterior and medial 
cortices are cut with an oscillating saw below 
the wire (Fig.  11.9 ). The direction of osteot-
omy should be parallel to the tibial slope. The 
osteotomy is deepened with osteotomes under 
fluoroscopic control and the medial opening is 
obtained using a special wedge-shaped 
spreader (Fig.  11.9 ). An intact lateral hinge is 
required to improve the stability of the oste-
otomy. Intraoperative alignment is checked 
intermittently under fluoroscopy and, once the 
desired correction is achieved, with an align-
ment rod centered on the hip and ankle joints. 
At the level of the knee, the rod should pass 
over the lateral tibial spine, as preoperatively 
planned. The osteotomy can be fixed with 
locked or butterfly plates, with or without 
spacers (Figs.  11.8  and  11.9 ). The osseous gap 
can be filled with allograft, autograft, or syn-
thetic bone substitutes in case of large 
opening.

11.3.5.2         Surgical Technique 
for Lateral CWHTO 

 An anterolateral L-shaped incision is performed 
with the vertical part along the lateral edge of the 
tibial tubercle and the horizontal one parallel to the 
lateral joint line (1 cm distal). The fascia of 
the anterolateral compartment is incised; the tibialis 
anterior muscle and the iliotibial band are elevated 
proximally. The common peroneal nerve and the 
patellar tendon are protected throughout the proce-
dure. Many techniques have been described for the 
proximal tibiofi bular joint, including (1) joint exci-
sion or disruption, (2) fi bular osteotomy (10 cm dis-
tal from the fi bular head), and (3) excision of the 
fi bular head. Then, a  laterally based wedge can be 
removed with an angular cutting guide. In order to 
reduce the risk of intra-articular fracture, the outer 
cortex and large portion of the wedge can be removed 
with saw cuts, along with the medial half using a 
combination of curettes, rongeurs, and osteotomes, 
to within 1 cm of the medial cortex. The complete-
ness of wedge removal must be assessed fl uoroscop-
ically. The closure of the osteotomy can be performed 
and the alignment checked with the fl uoroscope. 
Fixation is then achieved with staples or a plate [ 11 ].  

  Fig. 11.7    Particular of weight-bearing long leg radio-
graph for the planning of DFO. ( a ) Planning for lateral 
opening wedge DFO. The alignment should be corrected 
of an alpha angle, in order to obtain a weight- bearing line 
passing in the middle of the joint. The osteotomy line ( ab ) 
is defi ned, and the line segment  ab  is transferred to the 
rays of the alpha angle from the vertex, in order to obtain 

the two line segments  a   i   b   i   and  a   i   c . The distance  b   i   c  is mea-
sured in millimeters and corresponds to the opening that 
should be achieved laterally at the osteotomy site. ( b ) 
Planning for medial closing wedge DFO. The alpha angle 
is calculated and transferred to the osteotomy site on dis-
tal femur, in order to have a triangle with medial base       
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11.3.5.3     Surgical Technique 
for Lateral OWDFO 

 A 10–15 cm longitudinal lateral distal femoral 
incision is performed starting 2 cm distal to the 
femoral condyle and prolonging it proximally. 
The iliotibial band is split to the level of the joint 
line, and the vastus lateralis is retracted from the 
intermuscular septum using a curve blunt retrac-
tor placed ventrally. The bone plane is better 
exposed with a slight knee fl exion. Under fl uoro-
scopic control (Fig.  11.10 ), a guide wire is 
inserted in the middle of the lateral femur, with a 
cranio-caudal inclination of 20°, from lateral 
(6–7 cm above the joint line) to medial (4–5 cm 
above the joint line). The exposed cortex is cut 
with a small oscillating saw above the guide wire 

(Fig.  11.10 ). Sharp and thin AO osteotomes are 
then used to complete the osteotomy to within 
1 cm from the medial cortex, under fl uoroscopic 
guidance. The site of osteotomy at this point is 
opened with a wedge opener to the desired cor-
rection. Fluoroscopy and alignment rod are used 
to assess the limb correction, as previously 
described. A distal femoral osteotomy plate (reg-
ular or locked) is then used for fi xation 
(Fig.  11.10 ). Bone grafting or bone substitutes 
are used to fi ll the gap [ 12 ].

11.3.5.4        Surgical Technique 
for Medial CWDFO 

 A longitudinal 10–15 cm anteromedial incision is 
performed on the distal femur. The fascia over 

  Fig. 11.8    Medial tibial plateau malunion. ( a ) Long leg AP X-ray view showing varus malalignment; ( b, c ) preoperative 
AP and lateral views; ( d, e ) postoperative  AP  and lateral views, after opening wedge HTO       
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  Fig. 11.9    Intraoperative pictures of OWHTO. 
( a ) Elevation of the sartorial fascia, hamstrings, and 
 anterior part of the sMCL. ( b ) Guide wire positioning 
under fl uoroscopic control. ( c ) Antero- and posterome-
dial  cortex cut with oscillating saw, below the K wire 
and protecting the patellar tendon with a Hohmann 

retractor. ( d ) Completion of the HTO with graduated 
chisels. ( e ) Graduated wedge-shaped osteotomy 
spreader inserted to open the osteotomy site. ( f ) Fixation 
of the osteotomy with butterfl y plate and augmentation 
with bone substitutes       
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the vastus medialis muscle is incised, and the 
muscle is separated from the intermuscular sep-
tum and retracted superiorly. A guide wire is 
inserted parallel to the joint line. A slot for a 
blade plate is then prepared parallel to the guide 
wire, and an osteotomy is made about 2–3 cm 
proximal to it. The medial cortex and large por-
tion of the wedge can be removed with saw cuts, 
along with the medial half using a combination of 
curettes, rongeurs, and osteotomes, to within 
1 cm of the medial cortex. A 90° angle blade 
plate is inserted in the prepared slot. Manual 
varus reduction is performed, allowing the medial 
spike of the proximal part to dig into the distal 
cancellous bone. The rigid fi xation is achieved 
with the anatomic knee axis of 0°, after fl uoro-
scopic assessment of the correction.  

11.3.5.5     Surgical Technique for Large 
Corrections (Progressive 
Callus Distraction or Dome 
Osteotomy) 

 When larger correction (>15°) is required, either 
a progressive callus distraction or a dome osteot-
omy can be performed. In the progressive callus 
distraction, the fi xation can be achieved with a 
monoaxial external fi xator or with a Taylor frame 
hybrid ring fi xator, with the latter allowing for a 
more stable construct and a better correction on 
the three planes. Bolsters are placed under the 
thigh and foot, allowing for circumferential 
access to the tibia from the knee to the ankle. The 

frame is sized and constructed preoperatively and 
is checked once more to ensure appropriate fi t on 
the patient’s leg. A fi ne wire is passed from lat-
eral to medial parallel to the joint surface, at least 
10 mm distal to the joint. The frame is applied to 
this wire and, using the undersurface of the frame 
as a template, a second fi ne wire is passed, taking 
care to keep the frame parallel to the joint surface 
in coronal and sagittal planes. The frame is then 
secured distally using a fi ne wire across the distal 
ring. The construct is then completed by adding 
two 5-mm half pins to each ring. The osteotomy 
is then performed percutaneously at the lower 
border of the tibial tubercle, through two small 
incisions using a Gigli saw subperiosteally. The 
osteotomy is left static for 10 days after which 
the correction is then performed gradually by the 
patient at home, usually over a 7–14-day period, 
depending on the degree of deformity. The frame 
is removed after healing is confi rmed radiologi-
cally and clinically [ 13 ]. In the dome osteotomy, 
a 7–8 cm midline skin incision is made from the 
level of the joint line to 3 cm below the tibial 
tubercle. The anterior tibia is exposed medial and 
lateral to the patellar tendon, which is protected 
throughout the whole procedure. The inverse 
U-shaped osteotomy site is marked with the cau-
tery, with the apex above the tibial tubercle. 
Multiple holes are drilled with a 2-mm drill from 
anterior to posterior along the osteotomy line, to 
weaken the anterior and posterior cortices. A 
small osteotome is used to complete the 

  Fig. 11.10    Surgical technique for lateral OWDFO. ( a ) 
Guide wire insertion under fl uoroscopic control. Cut of 
the cortex with a small oscillating saw above the guide 
wire. ( b, c ) The site of osteotomy is opened with a wedge 

opener, and fi xation is achieved with a toothed plate. Final 
anteroposterior ( b ) and lateral ( c ) control, after allograft 
bone augmentation       
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 osteotomy anteriorly and posteriorly. The correc-
tion maneuver is performed and the alignment 
controlled with an alignment rod fl uoroscopi-
cally. Occasionally, the proximal tibiofi bular 
joint needs to be disrupted in order to obtain the 
desired correction. Alternatively, a fi bular oste-
otomy may be done 10 cm distal to the fi bular 
head through an additional lateral incision. The 
osteotomy can be fi xed with a plate or an external 
fi xator. In the latter case, the proximal pins should 
be positioned parallel to the joint line, before per-
forming the osteotomy.  

11.3.5.6     Unicompartmental Knee 
Arthroplasty (UKA) 

 Even though osteotomy and UKA are sometimes 
considered alternative treatment options for the 
treatment of unicompartmental knee arthrosis, 
the indications in most of the cases are different, 
and only a small population of patients is ame-
nable to both treatments. Ideal indications for 
UKA include (1) unicompartmental arthrosis (no 
matter which stage), with both lateral and patel-
lofemoral compartments intact; (2) age >60 
years; (3) low demands; (4) no overweight; (5) 
minimal pain at rest; (6) ROM >90°; (7) less than 
5° fl exion contracture; (8) less than 10° of axial 
malalignment that can however be passively cor-
rected to almost neutral; and (9) no instability. A 
6–10 cm medial parapatellar skin incision is per-
formed, extending from the superior pole of the 
patella to about 2–4 cm below the joint line adja-
cent to the tibial tubercle (Fig.  11.11 ). A  subvastus 

approach to the joint is commonly used. Even 
though some authors suggest an anterolateral 
approach for lateral compartment UKA, a slightly 
more extensile medial parapatellar approach 
allows for lateral compartment exposure. The 
patella is then dislocated, possibly without ever-
sion, and all the osteophytes removed. The ante-
rior horn of the meniscus and the fat pad are 
removed to optimize visualization. At this point, 
many techniques have been described for distal 
femoral and proximal tibial cuts preparation. 
Although most commonly the tibial cut is per-
formed fi rst, a femur-fi rst bone preparation can 
be performed with an intramedullary or extra-
medullary technique. When a tibia-fi rst bone 
preparation technique is preferred, the tibial cut 
is performed perpendicular to the tibial shaft with 
an ankle clamp extramedullary tibial guide. A 5° 
tibial slope is usually maintained, although 
reducing the tibial slope may help to achieve a 
complete ROM in patients with fl exion contrac-
ture. After the tibial preparation, a dependent 
femoral cut can be performed with a spacer 
block, positioned parallel to the tibial cut, or with 
an extramedullary technique, adding the femoral 
resector to the extramedullary guide previously 
used. An independent femoral cut can be per-
formed with an intramedullary technique. Flexion 
and extension gaps should be checked out with 
spacers, to assess the need for recut or soft tissue 
balancing. After a correct sizing, the femoral 
preparation is completed, the trial components 
are positioned, and ROM together with limb 

a b c

  Fig. 11.11    Severe medial compartment arthrosis of the knee. ( a ) Intraoperative picture, during UKA implant. ( b, c ) 
Postoperative anteroposterior and lateral views after UKA implant       
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alignment is  controlled. Final components are 
then cemented. Either metal backed or all poly 
tibial  components are available, according to the 
implant selected.

11.3.5.7        Unicondylar Osteoarticular 
Allografts and Osteotomy 

 In case of young patients (<40 years of age) with 
large post-traumatic tibial or femoral articular 
defects, unicondylar osteoarticular allografts can 
be indicated (Figs.  11.12 ,  11.13 ,  11.14 , and 
 11.15 ). The opposite articular surface needs to be 
preserved, when performing unicondylar graft-
ing. The X-rays and CT scan of the patient are 
sent to the tissue bank for correct sizing of the 
fresh allograft. Exposure of the recipient knee is 
performed through a midline skin incision fol-
lowed by a parapatellar arthrotomy to expose the 
affected tibial or femoral condyle. The damaged 
condyle is resected to bleeding bone, while the 
donor fragment is trimmed to fi t the defect. The 
graft is usually fi xed with partially threaded 3.5-
mm cancellous screws. During tibial plateau 
transplantation, the meniscus is evaluated and, 
when severely damaged, replaced with the 
allograft meniscus attached to the donor plateau. 
Already attached to its own osseous anchors, the 
meniscus is repaired to the capsule with the use 
of absorbable sutures. Realignment of the 
involved lower limb needs to be performed to 
unload the graft, if standing radiographs show a 
weight-bearing line passing through the involved 
compartment (Figs.  11.12  and  11.13 ). A valgus 
or varus closing wedge osteotomy is performed 
in the bone opposite to the defect (i.e., femoral 
osteotomy for tibial plateau osteoarticular 
allografts) [ 14 ,  15 ].

11.3.6            Postoperative Regimen 

 In HTO and DFO, active range of motion in a 
hinged knee brace and toe-touch weight bearing 
are allowed immediately. Partial weight bearing 
with crutches or total weight bearing as tolerated 
is allowed at 6 weeks, according to radiographic 
evidence of bone healing, amount of opening, 
and stability of the osteotomy (preserved medial 

or lateral hinges, use of locking plates). With pro-
gressive callus distraction technique, range of 
motion as tolerated is allowed immediately, and 
weight bearing is restricted for the fi rst 10 days, 
while pin tracts heal. Thereafter, partial weight 
bearing with crutches is allowed. At the end of 
the initial correction, a long-standing weight- 
bearing fi lm is taken, parameters are entered into 
the computer software, and any necessary resid-
ual correction can be done until optimal align-
ment is achieved. The frame is removed after 
healing is confi rmed radiographically and 
clinically. 

 In UKA weight bearing, ROM exercises and 
muscle strengthening are immediately allowed 
and progressed as tolerated. Postoperative regi-
men for unicondylar osteoarticular allografts 
includes a 2-week period of cylinder cast immo-
bilization, followed by ROM exercises in an 
unlocked hinged knee brace. Partial weight bear-
ing is allowed in the brace after union of the oste-
otomy site, usually at 3 months after surgery.  

11.3.7     Results 

 Controversy still exists regarding which tech-
nique has to be preferred between CWHTO and 
OWHTO, for the treatment of medial knee 
arthrosis and varus malalignment. Lateral 
CWHTO has been considered for a long time as 
the gold standard. However, this technique 
implies (1) fi bular osteotomy or proximal tibio-
fi bular joint disruption, (2) lateral muscle 
detachment, (3) peroneal nerve dissection, (4) 
more demanding subsequent total joint replace-
ment, and (5) bone stock loss. For all these 
 reasons, the medial OWHTO gained popularity 
and became a widely used alternative option. 
This technique however is not free from draw-
backs, and these include the necessity of bone 
graft and possible collapse or loss of correction 
[ 16 ]. Further advantages of OWHTO include 
the possibility for multiplanar correction and 
treatment of combined ligamentous instability. 
However, no conclusion can be drawn on which 
technique is to be preferred, and the choice 
remains a matter of preference of the surgeon, 
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  Fig. 11.12    Severe post-traumatic lateral tibial plateau 
degeneration and valgus malalignment. ( a ,  b ) Preoperative 
anteroposterior and lateral views, showing malunion with 

valgus malalignment. ( c ,  d ) Intraoperative image intensi-
fi er views after unicondylar lateral tibial plateau allograft 
and medial CWDFO       

 

11 Management of the Complications Following Fractures Around the Knee



146

until further studies become available in the 
literature. 

 Other controversies regarding unicompart-
mental knee arthrosis include the graft selection 
and type of fi xation in OWHTO, the comparison 
between UKA and osteotomy, and whether HTO 
or UKA affects a subsequent total joint 
 replacement, which represents the endpoint for 
both failed treatments. 

 Both osteotomy and UKA showed satisfactory 
results and survival rates at mid- and long-term 
follow-up. A few papers attempted to make a 
 comparison between the two procedures and gen-
erally showed slightly better results for UKA, in 
terms of survivorship and functional outcome. 
Nevertheless, the differences are not remarkable, 

and the quality of these studies is insuffi cient to 
draw any defi nitive conclusion. Furthermore, we 
believe that UKA and osteotomy are different pro-
cedures with different indications, and a compari-
son between them is meaningful only in the small 
population of patients amenable to both treat-
ments. This population includes patients who are 
(1) from 60 to 65 years old, (2) moderately active, 
and (3) nonobese and (4) with mild varus malalign-
ment (from 5 to 10°), (5) without joint instability, 
(6) with a good range of motion, and (7) with mod-
erate unicompartmental arthritis [ 17 ,  18 ]. 

 Whether revision HTO or UKA to TKA per-
forms worse than primary TKA is a debated issue. 
Given that TKA represents the endpoint of every 
failed HTO or UKA, this aspect is  particularly 

  Fig. 11.13    Intraoperative pictures of the case described 
in Fig.  11.12  (CWDFO phase). ( a ) A guide wire is inserted 
parallel to the joint line, and the slot for the blade plate is 
then prepared parallel to the guide wire. ( b, c ) The oste-

otomy is made about 2–3 cm proximal to the wire. ( d ) A 
90° angle blade plate is inserted in the prepared slot, and 
manual varus reduction is performed       
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important. Both revision HTO and revision UKA 
to TKA are technically more challenging than pri-
mary TKA: (1) HTO in terms of surgical exposure 
and tibial component positioning and (2) UKA in 
terms of bone stock loss and need for bone graft-
ing both on the femoral and the tibial side. While 
HTO does not seem to affect the results of subse-
quent TKA, revision UKA to TKA apparently 
performs worse than primary TKA. It has to be 
mentioned here that all the studies in the English 
literature reported the results of TKA after 

CWHTO and no data are available about TKA 
after OWHTO. This is an important issue because, 
theoretically, TKA is easier after opening wedge 
HTO than after closing wedge HTO. Indeed, with 
opening wedge HTO, there is no risk of patella 
alta, the bone stock is maintained, and the risk of 
impingement between the tibial stem and the 
anterior tibial cortex is decreased [ 17 ]. 

 The results of unicondylar osteoarticular 
allografts and osteotomy were recently described 
by Drexler et al. [ 15 – 19 ].      

  Fig. 11.14    Intraoperative pictures of the case described 
in Figs.  11.12  and,  11.13  (unicondylar tibial plateau 
allograft phase). ( a ) Note the large defect in the lateral 
tibial plateau and the plate previously used to fi x the lat-
eral tibial plateau fracture. ( b ) Resection of the damaged 

lateral plateau and hardware removal. ( c ) Fresh frozen 
tibial plateau allograft with the lateral meniscus attached. 
( d ) Preparation of a step in the tibial bone cut, in order to 
improve the allograft stability. ( e ) Insertion of the graft in 
the joint. ( f ) Fixation with 2 screws       
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  Abstract  

  The relationship between periarticular fractures and development of knee 
arthritis is well known. However, considering the lack of the literature, it 
is diffi cult to precisely estimate the incidence of post-traumatic arthritis of 
the knee, ranging from 20 % at 5 years to 50 % at 15 years after the frac-
ture. A treatment option for most of the patients could be total knee arthro-
plasty (TKA). In these patients, the strategy should be accurately planned 
preoperatively, because of different problems: presence of hardware, mul-
tiple surgical scars, bony defects, malalignment, stiffness, instability, mal-
unions, previous infections, and ligamentous defi ciency. TKA after 
proximal tibial or distal femoral fractures can be challenging, most of all 
for bone loss and instability. The results of post-traumatic TKA are good, 
but more similar to revision TKA than to standard primary TKA. Post-
traumatic TKA patients have a higher risk of complications compared to 
the general population undergoing TKA for primary osteoarthritis. It is 
still unclear whether post-traumatic TKAs have a higher risk of infection 
compared to standard TKAs, but a higher risk of infection in TKAs after 
infected periarticular fractures has been reported.  
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12.1       Epidemiology 

 Different authors reported that articular incon-
gruity and instability can lead to post- traumatic 
arthritis [ 7 ,  16 ,  31 ]. 

 There are few long-term studies on arthritis 
after proximal tibial or distal femoral fractures, 
and the incidence is not clearly defi ned. 
Honkonen et al. in 1995 reported an incidence of 
44 % for post-traumatic arthritis in 131 cases, at 
7.6 years after surgically treated fractures around 
the knee. The authors reported young age, com-
bined meniscectomy, medial tilt, articular 
 cartilage damage, inadequate fi xation, residual 
malalignment, and poor reduction as risk factors 
for developing post-traumatic osteoarthritis 
[ 7 ,  14 ]. Conversely, Wasserstein et al. observed a 
5.3 times increased risk of total knee arthro-
plasty (TKA) in patients affected by a proximal 
tibial plateau fracture 10 years before compared 
to standard population, with a further increased 
risk correlated to old age (hazard risk, HR, 1.03 
per year over the age of 48), bicondylar fracture 
(HR 1.53), and major comorbidities (HR 2.17) 
[ 45 ]. Other authors reported an incidence of 
arthritis ranging between 20 % at 5 years and 
50 % at 15 years after a proximal tibial fracture 
[ 21 ,  34 ]. A similar incidence of post-traumatic 
arthritis was estimated after treatment of com-
minuted, intra- articular fractures of the distal 
femur [ 30 ,  39 ]. 

 However, different authors reported that the 
development of end-stage knee post-traumatic 
osteoarthritis occurs at a mean of 7 years after the 
fracture, ranging from 2 to 11 years [ 20 ,  21 ] 
(Fig.  12.1 ).

12.2        Clinical Examination 

 When approaching a TKA in a patient with pre-
vious surgery, the strategy should take into 
account different problems: the presence of 
hardware, multiple surgical scars, bony defects, 
malalignment, stiffness, instability, malunions, 
and  previous infections [ 3 ]. For these reasons, 
delayed TKA in patients with previous periar-
ticular knee fractures can be challenging, with a 

26 % rate of complication and 21 % of reopera-
tion [ 47 ]. 

 Clinical examination should include the 
 evaluation of location and type of pain, degree 
and type of instability, gait disturbance, or 
malalignment. Preoperative range of motion 
(ROM) evaluation is mandatory: post-traumatic 
arthritis can be associated with limitation of 
 fl exion or extension [ 27 ,  28 ]. The patients should 
be informed on the realistic expectation for 
 postoperative ROM because this is correlated 
with the preoperative movement [ 17 ]. Previous 
scars, the need for a skin graft, or other cutaneous 
problems should be carefully evaluated, because 
of the higher risk of cutaneous complication in 
these patients. In case of complex previous sur-
geries, with multiple skin incision, the plastic 
surgeon should be consulted [ 3 ]. 

 Furthermore, post-traumatic arthritis can be 
associated with extensor mechanism abnormal-
ities, i.e., patella baja, due to fi brous tissue for-
mation and consequent stiffness [ 3 ] (Fig.  12.2 ).

12.3        Imaging and Preoperative 
Workup 

 The fi rst step is to obtain a complete  radiographic 
study including anteroposterior (AP), lateral, 
Merchant, and long-leg weight-bearing views. 
On the x-rays, the surgeon should  evaluate bone 
stock, patellar height, osteolysis, hardware 
 position, limb alignment, and signifi cant bony 
deformities below or above the joint [ 35 ]. Some 
authors described the tilt of the tibial plateau in 
the AP and lateral views as an important aspect, 
reporting patients with a medial tilt having a 
higher risk of developing post-traumatic arthri-
tis [ 14 ]. In our experience, a computed tomog-
raphy (CT) scan is fundamental to evaluate 
bone quality, bony defects, and hardware posi-
tion. In patients with a history of open fracture 
or previous septic joint, considering the high 
suspicion of infection, a blood count with dif-
ferential, erythrocyte sedimentation rate (ESR), 
C-reactive protein level (CRP), and joint aspi-
ration should be performed to rule out active 
infections [ 3 ,  4 ].  
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12.4     Indications 

 Proximal tibial plateau fractures are common in 
patients younger than 50 years old [ 9 ]. 
Consequently a considerable number of patients 

affected by post-traumatic arthritis can be 
younger than 60 years, and this complicates the 
treatment choice. In patients younger than 60 
years, with uni-compartimental post-traumatic 
arthritis, osteotomies around the knee may 

a c d

b

  Fig. 12.1    Clinical case: 54-year-old man with post- 
traumatic left knee arthritis after previous lateral plateau 
fracture. ( a ) Preoperative anteroposterior (AP) x-ray; ( b ) 

lateral preoperative view; ( c ) preoperative long-leg view 
showing the valgus malalignment; ( d ) postoperative 
x-rays       
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decrease pain and slow down the progression to 
arthritis, delaying the time for a total knee arthro-
plasty [ 1 ,  12 ]. 

 However, in all patients affected by bi- or 
 tricompartmental post-traumatic arthritis, a 
TKA should be considered. There is still a 
debate on the best approach for hardware 
removal, which is often necessary because of its 
interference with the implant or the instrumen-
tation. When extensive hardware removal is 
required, especially in cases with poor skin 
quality, a two- step surgery is recommended: 
fi rst step of hardware removal, followed by 
TKA after soft tissue recovery. The same 
approach should be considered in the cases with 
suspected infection [ 3 ,  48 ].  

12.5     Implant Selection 

 Similarly to primary TKA, different joint arthro-
plasty designs can be considered in post- traumatic 
bi- or tricompartmental arthritis. The implant 
with the least constraint necessary to provide 
symmetric, well-balanced fl exion and extension 
gaps should be preferred [ 3 ]. 

 Posterior cruciate ligament (PCL) retaining 
(cruciate retaining, CR) implants can be used in 
selected cases with minimal deformities, no 
fl exion contractures, and no instabilities. 
However, in the vast majority of the cases, a 
posterior-stabilized (PS) implant allows for 
deformity correction and accurate ligament 
 balancing [ 3 ,  7 ]. In patients affected by 

  Fig. 12.2    Clinical case: 75-year-old man with post- 
traumatic right knee arthritis after previous distal femoral 
and patellar fracture. ( a ) Preoperative anteroposterior 
(AP) x-ray showing the retained hardware; ( b ) lateral 

 preoperative view showing a patella baja; ( c ) preoperative 
patellar view; ( d ) preoperative long-leg view; ( e ) postop-
erative x-rays       
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 arthrofi brosis or fl exion deformity, a PS implant 
should be preferred [ 4 ]. 

 When ligamentous defi ciencies or poor bone 
quality is present, a more constrained implant 
may be required in association with femoral or 
tibial extensions. In cases with poor bone quality, 
but good ligamentous balance, a standard PS 
design can be used, in association with stem 
extensions and bone fi llers, e.g., wedges and 
sleeves [ 4 ]. Hinged implants should be reserved 
to patients with low activity level, severe instabil-
ity, or major bone loss [ 40 ].  

12.6     Surgical Technique 

 When performing a TKA after a tibial plateau 
fracture, different problems should be consid-
ered: prior incisions, hardware removal, align-
ment, instability, and bony defects. In this section, 
the differences between TKA in post-traumatic 
arthritis and standard TKA will be discussed. 

12.6.1     Prior Incisions 

 The presence of prior incisions should be care-
fully evaluated in the preoperative planning. 
Considering the vascular supply of the anterior 
knee skin, the most recent or most lateral incision 
should be chosen, avoiding the elevation of large 
subcutaneous fl aps [ 3 ,  15 ,  29 ]. Old transverse 
skin scars should not be transected creating acute 
angle ≤60° because triangular skin fl aps have a 
high risk of necrosis. When a new incision is 
required, the surgeon should create a skin bridge 
of at least 6 cm [ 3 ,  15 ].  

12.6.2     Exposure 

 Post-traumatic arthritis can be associated with a 
stiff knee. In these cases, the general principles 
for stiff knee exposure should be followed, 
including the following: (1) protection of patellar 
tendon; (2) sequential release of scarring in the 
suprapatellar space, gutters, and peritendinous 

tissue; and (3) avoiding vigorous retraction or 
forceful fl exion of the knee [ 3 ]. The so-called 
Tarabichi maneuver can be useful to remove the 
adhesions of the quadriceps muscle [ 43 ]. When 
the quadriceps is severely contracted, a V-Y turn-
down or tibial tubercle osteotomy can be highly 
effective to gain adequate exposure. If a V-Y 
quadriceps turndown is chosen, the surgeon 
should pay attention to the superior lateral genic-
ulate artery, to reduce the risk of devasculariza-
tion of the patellar and patellar tendon. On the 
other hand, when performing a tibial tubercle 
osteotomy, the fragment should be approximately 
2 cm wide and 8–10 mm thick, and care should 
be taken to preserve the lateral soft tissue hinge 
[ 10 ,  27 ].  

12.6.3     Malalignment 

 Intra-articular deformity correction should fol-
low the general principles of TKA. It is manda-
tory to obtain a well-aligned lower limb: many 
authors demonstrated an increased risk of 
mechanical failure and aseptic loosening when 
components or mechanical axis shows malalign-
ment postoperatively [ 21 ]. 

 Conversely, large deformities may require an 
extra-articular correction through an osteotomy, 
which can be performed in a staged or simulta-
neous procedure [ 23 ]. Rotational deformity is 
not rare in post-traumatic arthritis, and it should 
be carefully evaluated and corrected before or at 
the time of surgery [ 41 ]. Malalignment due to 
ligament incongruence can be managed as well 
as in revision TKA or in valgus-varus TKA. In 
these cases, a constrained implant may be 
required [ 4 ].  

12.6.4     TKA in Nonunion 

 There is little data in literature regarding TKA 
after proximal tibial fracture nonunion. Some 
authors suggested to bypass the nonunion with 
longer stem in association with bone grafts. 
Small fragments can be excised, and the bone 
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defect can be treated following the revision TKA 
principles [ 2 ,  18 ,  22 ,  50 ]. 

 In some cases, intramedullary guides can be 
diffi cult to use, so extramedullary, navigation, 
or personalized instrumentations can be useful. 
Tumor prostheses can be used in elderly patients 
with large defects, nonunion, and bone 
 fragments [ 25 ].  

12.6.5     Bone Loss 

 Bone losses are frequent in post-traumatic arthri-
tis and should be managed according to the prin-
ciples of revision surgery [ 3 ]. Furthermore, 
metaphyseal bone is often compromised in post- 
traumatic arthritis, so the bone ingrowth in the 
cementless implants may be inadequate, and lon-
ger stems can be useful [ 21 ]. 

 Contained small defects, less than 5 mm, can 
be fi lled with cement, while bigger defects can be 
managed using metallic augments, bone grafts, 
or tantalum cones [ 13 ,  33 ] (Fig.  12.3 ). Large cav-
itary metaphyseal defi ciencies can be managed 
with tantalum cones, sleeves, or impaction graft 
techniques [ 3 ]. Many authors prefer metallic aug-
ments over bone allograft because of the better 
primary stability, earlier mobilization, and imme-
diate weight bearing. Bone losses can also affect 
the joint line, causing impairment of the extensor 
mechanism function and gap imbalance of the 
implant. In these cases, metal augments can be 
very useful in restoring the correct joint line, 

using the landmarks as described in revision 
TKA [ 4 ].

   Some authors suggested that tibial metal aug-
ments may not be adequate to fi ll defects greater 
than 20 mm, particularly in young patients [ 5 ]. 
Due to this reason and to the lack of versatility of 
metallic augments, some authors in these cases 
prefer the use of fresh allograft. The advantages 
of bone allograft are easy remodeling, ability to 
fi ll cavitary or segmental defects, excellent bio-
compatibility, and potential for ligamentous reat-
tachment. On the contrary, the main concerns 
regarding bone allograft include late resorption 
and risk of infectious disease transmission [ 44 ]. 

 Considering the poor bone quality and the 
presence of bone loss, additional (longer) stems 
are often required in post-traumatic TKA. Brooks 
et al. demonstrated a reduction of 23–38 % of the 
axial loads on the tibial component using a 
70 mm cemented tibial stem [ 6 ]. For this reason, 
if an augment is necessary, a tibial stem should 
be used, as well as in cases in which a stronger 
hinge is necessary because of poor bone or liga-
mentous quality. The use of stems reduces the 
axial load to the implant and the bone-cement-
implant interface. In the cases where a long 
diaphyseal bypass is necessary, e.g., in the pres-
ence of malunion, a metaphyseal cementation 
can be performed, in association with long 
cementless stems [ 11 ]. In many cases, there is a 
lack of congruence between the center of the 
tibial plateau and the center of the tibial diaphy-
sis: in these cases, most of the authors suggest to 
use offsetted stems, in order to allow a correct 
restoration of the tibial surface [ 3 ].   

12.7     Postoperative Management 

 The postoperative protocols should not differ 
from those used in standard TKA. Weight bear-
ing should be calibrated in relation to the primary 
stability of the implant and can be (rarely) 
delayed depending on bone grafting and bone 
reconstruction. If V-Y quadriceps turndown or 
tibial tubercle osteotomy is used, a more careful   Fig. 12.3    Intraoperative picture showing a tibial wedge       
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rehabilitation is recommended, to reduce the 
stresses on the extensor apparatus. In these cases, 
a hinged brace can be used, allowing passive gen-
tle progressive ROM exercises during non- 
weight- bearing phases [ 4 ].  

12.8     Complications 

 The risk factors for complication in TKA for 
post-traumatic arthritis include (1) severe stiff-
ness, (2) multiple prior surgeries, (3) prior infec-
tion, and (4) poor skin conditions. One of the 
most serious complications is the avulsion of the 
patellar tendon; in cases of stiff knee, a more 
careful exposure, maybe using a tibial tubercle 
osteotomy, is recommended. 

 Also skin necrosis is a severe complication 
and can be correlated with implant exposure and 
infection. Patients with multiple scars are at high 
risk of cutaneous necrosis and need to be evalu-
ated by the plastic surgeon preoperatively [ 27 ]. 

 There is some concern about the higher risk of 
peri-prosthetic joint infection in TKA following 
prior fracture compared to standard TKA. Larson 
et al. hypothesized that TKAs performed after 
infected tibial plateau fractures would have a higher 
complication rate when compared with noninfected 
tibial plateau fractures. In this case- control study, 
the authors concluded that previously infected 
knees had a 4.1-fold increased risk of requiring 
additional procedures [ 19 ]. Recently other authors 
reported similar results in their case series [ 24 ]. In 
addition, Suzuki et al. evaluated 2022 primary TKA 
and, using logistic regression analysis, identifi ed 
having a previous fracture and remnants of internal 
fi xation as a major risk factor for infection [ 42 ].  

12.9     Results 

 There are few reports describing the outcomes of 
TKA in post-traumatic arthritis, with small case 
series and only short- to medium-term follow-up. 

 In 1979 Marmor et al. described the results of 18 
patients affected by post-traumatic arthritis treated 

with a modular unicondylar arthroplasty. In 15 
cases both the medial and lateral compartments 
were resurfaced. The authors reported 78 % of sat-
isfactory results 2 years after surgery [ 26 ]. Roffi  
et al. in 1990 described the outcomes of 17 cases of 
TKA in post-traumatic arthritis, with only 8 suc-
cessful results. The authors concluded that the 
results of TKA in these patients may resemble revi-
sion rather than primary TKA [ 35 ]. However, most 
authors agree that TKAs after periarticular knee 
fractures achieve good clinical outcomes, but the 
procedure can be technically demanding and is 
associated with a higher failure and complication 
rate compared to  standard TKA [ 4 ,  8 ,  21 ,  36 ,  37 , 
 46 ,  47 ,  49 ]. Lizaur-Utrilla et al., in a prospective 
matched cohort study, evaluated the results of 29 
patients affected by post-traumatic arthritis and 58 
patients who underwent routine TKA, at 6.7 years 
of follow-up. The authors concluded that there were 
no differences in clinical outcomes, but the group 
affected by post- traumatic arthritis had a signifi cant 
higher incidence of complications [ 20 ]. The results 
are even less satisfactory in cases of previous mal-
union or nonunion [ 32 ]. There is also a general 
agreement in affi rming that patients affected by iso-
lated intra-articular deformities obtain the better 
outcomes than more complex cases [ 38 ]. 

 Similar results were reported for TKA after 
prior distal femoral fracture. Papadopoulos et al. 
reported the results of 47 cemented condylar 
TKAs in patients affected by previous distal fem-
oral fracture, at an average follow-up of 6.2 years. 
In three cases, a distal femoral osteotomy in con-
junction with longer cemented femoral stem was 
required because of malunion. The authors 
reported good clinical outcomes and improved 
Knee Society pain score and postoperative ROM, 
but six knee required revision surgery because of 
arthrofi brosis or aseptic loosening [ 30 ]. 

 Considering the problems encountered in 
patients with prior hardware, such as diffi culties 
in using intramedullary guides, some authors 
advocated using computer-assisted navigation to 
perform TKA in post-traumatic arthritis [ 25 ]. 

 Table  12.1  shows a summary of the literature 
on results of TKA after post-traumatic arthritis.
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     Conclusion 

 The incidence of post-traumatic arthritis is 
reported in literature ranging between 20 % at 5 
years and 50 % at 15 years after a proximal tib-
ial fracture. TKA after proximal tibia or distal 
femoral fracture is a more demanding procedure 
compared to standard TKA. When approaching 
a knee replacement in a patient with previous 
surgery, the strategy should be accurately 
planned because of different problems: hard-
ware  presence, multiple surgical scars, stiffness, 
bony defects, malalignment, instability, mal-
union, and previous infections. A comprehen-
sive preoperative planning is mandatory in these 
patients, in order to choose the correct implant 
and to better evaluate bone loss. There are few 
reports in the literature regarding TKA in post- 
traumatic arthritis, but most of those papers con-
clude that the outcomes are more similar to 
revision than to primary TKA. In addition, due 
to the previous surgery, more diffi cult exposure, 
and surgical technique, the incidence of compli-
cations after TKA in post-traumatic arthritis is 
higher than standard TKA.      
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