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ABSTRACT 

Background: Distal femur fractures are challenging injuries and are complicated 

frequently due to the presence of comminution and intra-articular involvement with 

complex associated soft-tissue injuries. Angular-stable locking plates have added an 

exciting new dimension in the management of peri-articular fractures as well as in 

fractures in osteoporotic bones. The minimally invasive plate osteosynthesis has 

evolved over the years and has several benefits. The present study aims to evaluate 

the results of distal femur fractures treated by minimally invasive percutaneous plate 

osteosynthesis (MIPPO) with locking plates with an aim to explore the clinical 

outcomes. 

Methods: This is a prospective clinical study of surgical treatment of 16 patients (13 

males and 3 females) with distal femur fracture who were treated by closed reduction 

with locking compression plate using MIPPO technique who were followed up over a 

period of 2 years from October 2019 to September 2021, then radiological and clinical 

evaluation assessment was done using the Neer’s score. 

Results: In the study of 16 patients with distal femur fracture, median age was 49.7 

years ranging from 21 to 90 years.12 fractures were due to road traffic accidents, 3 

due to fall from standing height and 1 due assault. 11 patients had right distal femur 

fracture and 5 had left distal femur fracture. Using the Neer’s scoring system 10 

(63%) patients were classified as excellent outcome and 4 (25%) patients were 

classified as satisfactory outcome. Thus 14 (88%) out of the 16 patients had excellent 

to satisfactory outcome. One patient was classified as unsatisfactory outcome with a 

Neer’s score of 56 out of 100. Another patient was classified as failure with a Neer’s 

score of 34. Thus 2 (12%) out of the 16 study patients had unsatisfactory or failed 

outcome.  

Conclusion: Distal femur fractures treated by MIPPO technique using distal femoral 

locking plates have the advantage of preserving the blood supply by minimizing 

periosteal damage, reducing blood loss and minimizing tissue trauma thus ensuring 

early mobilization and attainment of better functional results with less likelihood of 

complications like infection, non-union and implant failure. 
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Keywords: Distal femur fracture, MIPPO technique, Neer’s scoring, Locking 
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INTRODUCTION 

 

The incidence of femoral fractures and in particular, distal femoral fractures is on the rise due 

to an increase in high-velocity injuries predominantly contributed by road traffic 

accidents. Majority of these high velocity injuries are comminuted fractures with a significantly 

high percentage being open fractures. Improved quality of medical care and improvements in 

socio-economic status has produced a second group of elderly people with poor bone quality 

due to osteoporosis who are vulnerable for distal femoral fractures with relatively low-velocity 

twisting injuries and falls from standing height. Distal femoral fractures currently account for 

less than 1% of all fractures and about 3% to 6% of all femoral fractures.1 

Operative fixation using either plate fixation or rigid intramedullary nail fixation has over the 

years improved treatment outcomes as compared to non-operative treatment. The goal of 

surgical fixation of distal femoral fractures are - to achieve accurate fracture reduction in intra-

articular fractures so as to prevent knee osteoarthritis, to maintain limb alignment and length 

so as to avoid limp, to preserve the soft-tissue envelope with a durable fixation that allows 

functional recovery during bone healing and to allow early and safe mobilization to 

prevent knee stiffness.2 With surgical management being the cornerstone of treatment, the 

extensive operative exposure required to achieve an anatomic reduction often resulted in 

devitalization of the bone and surrounding tissues as well as evacuation of the fracture 

hematoma which has osteogenic potential. This resulted in problems of infection, non-union 

and need for bone grafting.3  

By the turn of the century, an exciting new technology in plate fixation emerged with the 

development of locked plates which allowed screws to be locked into the plates thereby 

creating a fixed angle construct. The stability offered by such a fixation helped in early 

mobilization of the joint thereby preventing joint stiffness. Early knee mobilization has been 

found to be one of the key elements in the successful management of supracondylar fractures. 

This device also had the advantage of reduced friction between bone and plate leading to 

preservation of periosteal blood supply.4 Simultaneously, the earlier philosophy of rigid 

fixation without any concern for the soft tissue envelop was replaced by a concept of indirect 

fracture reduction and biological plating with preservation of the soft-tissue sleeve wherever 

possible.5 This resulted in bone healing by both endosteal union and callus formation. 
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Currently, use of biological methods has decreased the incidence of surgical complications and 

has reduced the need for bone grafting, with its inherent potential morbidity.6 

One such biological method of fixation for distal femoral fractures is called Minimally Invasive 

Percutaneous Plate Osteosynthesis (MIPPO). MIPPO is particularly useful in fractures with 

metaphyseal comminution (AO/OTA 33A2, 33A3, 33C2, and 33C3)7 where the comminuted 

fractures can be bridged over by using a distal femoral locking plate which is inserted through 

the sub-muscular plane and fixed to bone proximally and distally using locking screws which 

act as a fixed-angle construct. The advantage of using such a technique is that the blood supply 

to the comminuted fracture fragments is well preserved resulting in predictable union, reduced 

wound complications, early mobilization, reduced incidence of implant failure and also 

reduced need for bone grafting.8 In performing the procedure, since there is no visible end-to 

end contact at the fracture site, the surgeon has to take particular care in ensuring that the limb 

length, rotation and alignment are restored before proceeding for the fixation. 

We have been using the technique of MIPPO for distal femur fractures in our institution since 

the last three years with good results. With the present study, we aim to prospectively evaluate 

the functional and radiological outcome of patients treated at our institution for distal femoral 

fractures with distal femoral locking plate using the MIPPO technique and compare our results 

with standard studies published in literature.  
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AIM AND OBJECTIVES  

 

1. To study the functional and radiological outcome of distal femur fractures treated by 

distal femoral locking plate by the technique of Minimally Invasive Percutaneous 

Plate Osteosynthesis. 

 

2. To study the complications of distal femoral fractures treated by Minimally Invasive 

Percutaneous Plate Osteosynthesis  
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REVIEW OF LITERATURE 

THE SURGICAL ANATOMY OF DISTAL FEMUR 

The shaft of the femur is cylindrical or teardrop shaped, but at the lower end it broadens into 

two curved condyles. The supracondylar area of the femur is defined as the zone between the 

femoral condyles and the junction of the metaphysis with the femoral diaphysis. This comprises 

approximately the distal 15 cm of the femur, as measured from articular surface. 

 

Fig 1: Bony landmarks of distal femur 

The shape of the distal femur is trapezoidal with the posterior part of the condyle wider than 

the anterior. This creates an angle of 25 degrees inclination on the medial surface and 15 

degrees on the lateral surface.9 This is important when placing implants across the condyles 

from lateral to medial because on AP radiographs implants placed anteriorly that appear to be 

of appropriate length may be too long and cause painful implant irritation.10 

Anteriorly, the articular surfaces of the two condyles come together to form a deep groove in 

which the patella articulates. Posteriorly, they are separated by the intercondylar fossa. The 

cruciate ligaments of the knee are attached to the inner surfaces of the condyles in the 

intercondylar area. 
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Fig 2: Angle of inclination of distal femur 

 

Fig 3: Posterior view of intercondylar fossa of femur 

 



Review of Literature 

6 
 

Medial condyle: The medial femoral condyle is longer than the lateral condyle and extends 

farther distally. Its medial surface is convex.  

• Tibial collateral ligament is attached to the medial epicondyle(ME) 

• The tendon of the adductor magnus muscle inserts to the adductor tubercle(AT) situated 

over the proximal aspect of the condyle. 

• The medial gastrocnemius tendon is attached to the Gastrocnemius tubercle(GT).11 

 

 

Fig 4: Bony landmarks on the medial condyle of femur 
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Lateral condyle:  The lateral condyle is more directly in line with the shaft of femur. Fibular 

collateral ligament is attached to the lateral epicondyle. 

 

Fig 5: Attachments of lateral collateral ligament 

Muscles of distal femur and knee joint 

There are three major muscle groups in the thigh: the adductors, quadriceps, and hamstrings.  

The quadriceps and hamstrings group of muscles cross the knee and are integral in the function 

of knee movements and in maintaining distal femur anatomy. 

The Quadriceps femoris 

The quadriceps muscles provide power to the knee extensor apparatus and are supplied by the 

femoral nerve. The quadriceps muscle distally becomes tendon and passes over the patella and 

terminates via the patellar tendon and inserts to the tibial tubercle.  
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MUSCLE ORIGIN INSERTION NERVE 

SUPPLY 

MAIN ACTION 

Rectus 

femoris 

Anterior inferior iliac 

spine and ilium 

superior 

to acetabulum 

Base of patella and by 

patellar ligament to 

tibial tuberosity 

Femoral 

nerve 

(L2-L4) 

Extends leg at knee 

joint; also steadies 

hip joint and helps 

iliopsoas to flex thigh 

at hip 

Vastus 

lateralis 

Greater trochanter 

and lateral lip of linea 

aspera and gluteal 

tuberosity 

Base of patella and by 

patellar ligament to 

tibial tuberosity 

Femoral 

nerve 

(L2-L4) 

Extends leg at knee 

joint 

Vastus 

medialis 

Intertrochanteric 

line, greater 

trochanter, and 

medial lip of linea 

aspera of femur 

Base of patella and by 

patellar ligament to 

tibial tuberosity 

Femoral 

nerve 

(L2-L4) 

Extends leg at knee 

joint 

Vastus 

intermedius 

Anterior and lateral 

surfaces of femoral 

shaft 

Base of patella and by 

patellar ligament to 

tibial tuberosity 

Femoral 

nerve 

(L2-L4) 

Extends leg at knee 

joint 

 

      Fig 6: The Quadriceps femoris 

1-Rectus femoris 

2- Vastus lateralis 

3-Vastus intermedius 

4- Vastus medialis. 
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The Hamstrings 

These are the posterior group of muscles that helps in flexion of the knee. 

MUSCLE ORIGIN INSERTION NERVE 

SUPPLY 

MAIN ACTION 

Semitendinosus Ischial tuberosity Medial surface 

of 

superior part of 

tibia 

Tibial 

division of 

sciatic nerve 

(L5-S2) 

Extends thigh at 

hip; flexes leg at 

knee and rotates 

it medially; with 

flexed hip and 

knee, extends 

trunk. 

Semimembranosus Ischial tuberosity Posterior part 

of medial 

condyle of tibia 

Tibial 

division of 

sciatic nerve 

(L5-S2) 

Extends thigh at 

hip; 

flexes leg at knee 

and 

rotates it 

medially; with 

flexed hip and 

knee, 

extends trunk 

Biceps femoris Long head: ischial 

tuberosity 

Short head: linea 

aspera and lateral 

supracondylar line 

of femur 

Lateral side of 

head of 

fibula; tendon 

at this site split 

by fibular 

collateral 

ligament of 

knee 

Long head: 

tibial 

division of 

sciatic 

nerve (L5-

S2) 

Short head: 

common 

fibular 

division of 

sciatic nerve 

(L5-S2) 

Flexes leg at knee 

and 

rotates it 

laterally; 

extends thigh at 

hip 

(e.g., when 

starting to 

walk) 
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              Fig 7: The Hamstrings 

The Gastrocnemius 

The two heads of gastrocnemius muscle take origin from the posterior aspect of the femoral 

condyles and this muscle plays an important role in the displacement of the distal femur 

fractured fragment and overcoming the muscle action plays a key role in the fracture reduction. 

 

Fig 8: Medial and lateral head of gastrocnemius 

1-Semitendinosus 

2-Semimembranosus 

3-Gracilis 

4-Biceps femoris 
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The popliteal fossa 

The popliteal fossa is diamond shaped and is bounded superiorly by semimembranosus and 

semitendinosus medially and by the biceps femoris laterally. The inferior boundaries are the 

two heads of the gastrocnemius. The femoral vessels continue as popliteal artery and vein, and 

the sciatic nerve branches into the tibial and peroneal nerves. In the popliteal fossa, the artery 

is deep and medial to the popliteal vein and tibial nerve. 

 

Fig 9: Popliteal fossa 

The Proximal Tibia 

The proximal tibia widens into medial and lateral condyles. The articular surface of the tibia 

slope inferiorly for about 10 degrees from anterior to posterior. The tibial tubercle is located 

2.5cm to 3cm below the joint line and patellar tendon inserts to it. Gerdy’s tubercle located on 

the anterolateral surface of the lateral tibial flair gives insertion for the iliotibial band. 
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Fig 10: Bony anatomy of proximal tibia in anterior and posterior views 

The tibial plateaus are covered by hyaline cartilage. The medial tibial plateau is larger than the 

lateral tibial plateau and is concave from front to back and from side to side. Menisci are 

attached to the tibial plateau. Medial and lateral collateral ligaments and cruciate ligaments and 

joint capsules gives stability to the knee joint.  

 

Fig 11: Articular surface of proximal tibia 
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Soft tissue attachments around the knee 

Extra capsular ligaments 

LIGAMENT ATTACHMENT COMMENT 

Tibial Collateral ligament Medial femoral epicondyle 

to medial tibial condyle 

Limits extension and 

abduction of leg, attached to 

medial meniscus 

Fibular collateral ligaments Lateral femoral epicondyle 

to fibular head 

Limits extension and 

adduction of the leg, 

overlies popliteus tendon 

Patellar ligament Patella to tibial tuberosity Acts in extension of 

quadriceps tendon 

Arcuate ligament Fibular head to capsule Passes over popliteus 

muscle 

Oblique popliteal ligament Semimembranosus tendon to 

posterior knee 

Limits hyperextension and 

lateral rotation 

 

 

 

Fig 12: Ligaments on medial and lateral side of the knee 
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Intracapsular ligaments 

LIGAMENT ATTACHMENT COMMENTS 

Medial meniscus Intraarticular, lies over the 

medial tibial plateau 

Semilunar in shape, acts as a 

cushion 

Lateral meniscus Intraarticular, lies over the 

lateral tibial plateau 

More circular and smaller 

than medial meniscus 

Anterior cruciate ligament Anterior intercondylar tibia 

to medial surface of lateral 

femoral condyle 

Prevents posterior 

translation of femur on tibia, 

injured in hyperextension 

Posterior cruciate ligament Posterior intercondylar tibia 

to lateral surface of medial 

femoral condyle 

Prevents anterior translation 

of femur on tibia, stronger 

than ACL 

Transverse (menisco-

meniscal) ligament 

Connects anterior convex 

margin of lateral meniscus 

to anterior end of medial 

meniscus 

Binds and stabilises the 

menisci 

Posterior meniscofemoral 

ligament (ligament of 

Wrisberg) 

Posterior area of lateral 

meniscus to medial condyle 

of femur 

 

 

 

Fig 13: Intracapsular ligaments of knee 
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Fig 14: Anteromedial and Posterolateral bundle of ACL in Knee extension and flexion 

 

 

Fig 15:  Anterolateral and Posteromedial bundle of PCL in knee flexion and extension 
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Blood supply of distal femur 

The lower half of the femur is supplied by a long descending branch of nutrient artery which 

is derived from the first and second perforating branch of profunda femoris. The nutrient 

vessels arborize distally to provide endosteal bone circulation. 

 

 

Fig 16: Blood supply of the femur showing (A) anterior view, (B) posterior view with 

vascular supply 

 

Periosteal vessels enter at the linea and are usually aligned perpendicularly to the cortex. 

Extensive stripping of periosteal supply can result in compromise in the vascularity which may 

leads to non-union.  

 

1- Femoral artery 

2- Profunda femoris artery 

3- Descending branch of lateral 

circumflex femoral artery 

4,5,6 - Perforators from the 

profunda femoris artery 

7- branch from femoral artery 
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Fig 17: Neurovascular bundles in the posterior of the knee 

 

 

Fig 18: Arterial supply around knee joint 
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BIOMECHANICS OF KNEE JOINT 12 

The knee joint contains two separate articulations. The tibiofemoral articulation and the 

patellofemoral articulation. 

The main role of the knee joint complex is to: 

• Allow for locomotion 

• Minimum energy requirements for muscles 

• Stability in different terrains 

• To absorb and transmit the forces of activity of daily life  

The complexity of the knee joint behaviour is interaction between the three different 

factors: 

➢ Static stability- anatomy and geometry of the joint surfaces 

➢ Active stability- muscle contraction 

➢ Passive stability- ligaments, menisci and retinaculum. 

Knee joint kinematics: The complex three-dimensional motion of the tibiofemoral joints can 

be described in six degrees of freedom. 

 

Fig 19:  Joint coordinate system representing six degrees of freedom of knee joint 
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• Mediolateral translation (M-L) and flexion-extension occurs long the epicondylar 

femoral axis. 

• Joint distraction and internal- external rotation (I-E) occurs along the long tibial 

axis. 

• Anterior- posterior translation (A-P) and Varus- valgus (V-V) rotations occur along 

the floating axis, which is perpendicular to the femoral epicondylar and tibial long 

axes. 

Flexion of the knee is not the only movement occurring during the gait cycle. Prior to the heel 

strike, as the knee extends from 30 degrees to 0 degree, the tibia externally rotates by up to 30 

degrees. This is known as the ‘Screw home mechanism’ and this occurs in order to lock the 

knee joint prior to accommodating the impact of weight bearing. 

 

Fig 20: Screw home mechanism of femur and tibia 

The screw home rotations are linked to the corresponding rotations at the hip and ankle. 

Immediately after the heel strike the knee flexes and the tibia rotates internally, this is coupled 

by eversion of the foot which leads to deformation (softening) of the foot structures that allows 

for energy absorption. 
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Soft tissue mechanics 

The soft tissues of the knee provide the dynamic stability to the knee joint. The muscle load to 

the joint provides the active stability. The ligaments, menisci and retinacular structures 

provides the passive stability by resisting the excessive displacements between the bony 

segments and to control the bony motion. Disruption of the passive restraints leads to the 

‘instability’ of the knee where the bones move without any control. 

 

Cruciate ligaments: The ACL is the primary restraint to anterior tibial translation. It also 

prevents hyperextension. It acts as a secondary restrain to the internal and valgus tibial rotations 

at full extension and also controls the screw-home mechanism. The PCL is a primary restrain 

for the posterior tibial translation. The ACL-PCL controls the rolling and sliding kinematics of 

the tibiofemoral joint during flexion and extension.13 

 

Medial Collateral ligament and posteromedial corner: The medial collateral ligament is the 

primary restraint to the valgus angulation and internal tibial rotation. 

 

 

Lateral Collateral Ligament and posterolateral corner: The lateral collateral ligament is the 

primary restraint to the varus angulation. 

 

 

The meniscus-meniscal ligaments: They acts as a primary restraint to the tibial rotation and 

as a secondary restraint to the anterior-posterior translation. 

 

 

Patellar retinacula and medial patellofemoral ligaments: The lateral and medial retinacular 

structures are the passive stabilizer of the patellofemoral joint. The lateral retinacular structures 

are implicated in the lateral tilt of the patella and they cause lateral dislocation if they are 

pathologically tight. The medial patellofemoral ligament acts as a restraint to the lateral patellar 

displacements and assists in controlling the patellar motion, especially guiding the patella into 

the trochlear grove in early knee flexion. 
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Fig 21: Medial Patellofemoral ligament 

 

MECHANISM OF IDISTAL FEMUR FRACTURE AND DEFORMING FORCES 

The mechanism of injury for most supracondylar fractures is thought to be axial loading with 

varus, valgus, or rotational forces. A bimodal distribution of high-energy trauma in younger 

patients and lower energy in elderly patients is typically seen with these injuries. 

Predictable deformities occur after a distal femur fracture and are produced primarily by the 

direction of the initial fracture displacement and secondarily by the contraction of the thigh 

musculature. Spasm and irritability in the quadriceps, hamstrings, and adductors often lead to 

limb shortening with varus angulation at the fracture site. Muscle contraction of the 

gastrocnemius often produces an apex posterior angulation and displacement of the distal 

fragment. 
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Fig 22: Fracture displacements in distal femur fracture 

SOFT TISSUE INJURIES OF THE KNEE IN DISTAL FEMUR FRACTURES 

The ligamentous injury of the knee is difficult to evaluate until the distal femur fracture id 

stabilised. The concomitant cruciate ligament injury and the repair of the same is difficult and 

controversial in acute setting in the presence of fracture and internal fixator. Fractures of distal 

femur with tibial plateau fractures often need detailed evaluation with CT and MRI imaging to 

look for ligamentous injury and avulsion fractures. 

CLINICAL PRESENTATION OF DISTAL FEMUR FRACTURES 

All patients with suspected distal femur fracture require a thorough history and physical 

examination. Significant bleeding into the thigh may occur after femur fractures at any level, 

and evaluation for signs of shock should be investigated and aggressively treated. 

Clinical examination invariably reveals tenderness, fracture crepitus with thigh swelling, and 

limb deformity with shortening and external rotation if the fracture is displaced. The skin 

should be examined for bruising, contusion, or open fracture.  Due to high velocity of trauma 



Review of Literature 

23 
 

the incidence of open fractures is more and open fractures should be managed cautiously to 

prevent contamination and to prevent further soft tissue damage. 

Other injuries to the same extremity should be suspected when there is pain or swelling in the 

limb above or below the fracture site. Pelvic injuries and ipsilateral hip fractures should be 

ruled out. Injuries around the knee and proximal leg should be cautiously evaluated in view of 

ligamentous knee injury and proximal tibial fractures. 

A careful neurovascular examination must be performed and documented including the 

presence or absence of distal pulses as the fracture lie closely with the popliteal artery, which 

can be injured due to sharp fractured fragments. 

RADIOGRAPHIC EVALUATION OF DISTAL FEMUR FRACTURES: 

The antero-posterior and lateral radiograph of the knee should be obtained to look for the 

fracture configuration. X-rays of ipsilateral hip and femur shaft are necessary to rule out 

associated fractures. Additional traction X rays are of importance if there is significant 

shortening and fracture impaction to know the fracture geometry. These views are now largely 

replaced by CT scans. Particular attention is paid to the fracture lines, extent of the fracture, 

degree of comminution and intra-articular extension. 

 

Fig 23: X ray of distal femur fracture with Hoffa’s fracture 

CT scans with axial, coronal and sagittal reconstruction of the distal femur are an important 

tool with the X rays in evaluation of the juxta-articular and intra-articular fractures of the 

distal femur. CT scans are helpful in diagnosis of the Hoffa’s fracture which are missed on 
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radiographs. One study showed that 40% rate of coronal plane fractures which are missed on 

plain radiographs.14 CT scans are also useful in the evaluation of the fracture pattern and the 

intercondylar extension and the articular congruity. This helps in the planning of the surgery 

and for the appropriate plate selection. 3D reconstruction images of the knee with distal 

femur also help in assessing the fracture pattern and selection of the implants. 

 

Fig 24: 3D reconstruction of the distal femur fracture pattern 

CT angiography plays an important role in evaluation of the patients for vascular injuries in a 

suspected case of vascular injury. 

 

Fig 25: CT angiography of distal femur fracture with artery visualised 
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CLASSIFICATION OF DISTAL FEMUR FRACTURE 

Classification of the distal femur fractures helps in the grouping of fractures and appropriate 

planning of the surgery.  Various classifications are described for the distal femur fractures. 

They are: 

• Neer and associates (1967) 

• Seinsheimer classification (1980) 

• AO- Classification- Muller (1990) – Currently the most accepted classification system 

AO CLASSIFICATION: Muller and associates15 

Muller and his associates brought forward the classification of distal femur fracture 

classification after analysing the thousands of these fractures. 

Muller and his colleagues divide these fractures into 3 primary groups. 

• Type A: extra- articular fractures 

• Type B: Partial articular fractures 

• Type C: Complete articular with both condyles detached from diaphysis. 

 

Fig 26: The Muller classification of distal femur fractures 
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33A - Extra-articular 

• A1 - simple 

• A2 - metaphyseal wedge 

• A3 - metaphyseal complex 

 

33B - Partial articular (a portion of the articular surface remains attached to the proximal 

shaft) 

• B1 - lateral condyle 

• B2 - medial condyle 

• B3 - coronal plane (Hoffa fragment) 

 

33C - Complete articular (articular fragment separated from the shaft) 

• C1 – simple articular, simple metaphyseal 

• C2 – simple articular, metaphyseal comminution 

• C3 - metaphyseal and intra-articular comminution 

 

The 33-B3 type of fracture popularly known as the ‘Hoffa’s Fracture’ as immense clinical 

importance and is been further divided into: 

 

33-B3.1- Anterior and lateral flake fracture 

33-B3.2- Unicondylar Hoffa’s fracture 

33-B3.3- Bicondylar Hoffa”s fracture 

 

 

Fig 27: Hoffa Fracture 
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Among all the classifications described for the distal femur fractures, the Muller AO 

classification system is the most widely accepted system . This system takes into the account 

of the involved anatomic region, energy of the injury and also the prognosis . This classification 

has ahigh inter-observer reliability abd validity. Being user friendly and also serving a common 

language among surgeons this classification is one of the choice for treating distal femur 

fractures.16 

 

FRACTURE TREATMENT: THE MOVE FROM RIGID INTERNAL FIXATION TO 

STABLE BRIDGE FIXATION 

After seven decades of development and progress of plate osteosynthesis techniques, the gold 

standard of plate osteosynthesis was introduced by AO in 1969.17 The plate was called a 

Dynamic Compression Plate (DCP) and it achieved axial compression using an eccentrically 

placed screw with a spherically undercut head in an inclined plate hole. The screw head 

congruently contacted the walls of the plate hole minimizing lateral movement and implant 

stress. The congruent screw head and plate-hole fit enabled the implant to be used according 

to the principles of tension band, neutralization, compression, and buttress plate.18 Further 

techniques such as pre-bending the plate and lag screw technique were introduced to improve 

fracture compression and load-sharing contact. The fractures thus fixed were rigid and usually 

healed accompanied by very little radiographic callus formation, the so called ‘primary 

healing’. However, these results were achieved by wide surgical exposure and fracture 

fragments were often stripped of their soft tissue leading to devitalization of the bone and 

surrounding tissues as well as evacuation of the fracture hematoma. Thus, the crucial 

osteogenic potential of the fracture hematoma was lost in an effort to achieve mechanical 

stability.6 Additionally, the stability of the plated fracture relied on friction between the 

implant’s flat undersurface and the surface of the underlying bone. This friction was dependent 

on rigid bi-cortical screw fixation which resulted in damage to the blood vessels under the 

surface of the plate. The technique of rigid fixation with DCP due to its interference with the 

blood supply of the underlying bone resulted in higher incidence of infection and osteoporosis 

under the plate resulting in implant related stress risers upon removal. To counter these 

disadvantages, in 1990, Perren et al. introduced the Limited Contact Dynamic Compression 

Plate (LC-DCP) which had an undercut under-surface with less cortical contact than the DCP.19 

The LC-DCP remains the gold standard of care for diaphyseal fractures of the upper limb even 

to this day. 
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In spite of the encouraging results seen with rigid fixation, the concerns over the damage to the 

bone vascularity and fracture biology remained. This was based on the excellent analysis of 

Rhinelander regarding the normal microcirculation of diaphyseal cortex and its response to 

fracture way back in 1968.20 Rhinelander described that the intramedullary vascular supply 

supplied through nutrient vessels provided nourishment to the medullary contents and inner 

two-third of the cortical bone. The outer one-third of the cortex received its blood supply from 

the overlying soft tissues, chiefly, the muscle attachments and the periosteum. In displaced 

long-bone fractures, the medullary vascularity was disrupted, resulting in the broken bone 

relying exclusively on the periosteal and muscular attachments for its nutrition. As fracture 

healing occurred, the medullary vascularity was reestablished and the normal vascular pattern 

was restored. Rigid fixation methods though allowed early mobilization, disrupted the soft 

tissue and periosteal attachments during this crucial period and interfered with the vascularity 

and fracture biology.6 

In view of the challenges posed by rigid fixation techniques, biologic fixation techniques were 

developed in an effort to lessen the incidence of surgical complications by minimizing the 

amount of surgical trauma and sparing the remaining vascularity and trophic factors in the 

hematoma surrounding the fracture. Plating techniques and implant designs started evolving in 

an attempt to maintain the fracture environment that mimicked the biology of closed 

intramedullary nailing. One such technique was called ‘bridge plating’.6 

NONOPERATIVE TREATMENT OF DISTAL FEMUR FRACTURES 

Before the introduction of stable fixation by AO in 1969, distal femoral fractures were treated 

by skeletal traction.21 Non operative treatment is now reserved for extremely rare situations 

like reliable patients with a undisplaced fractures, in non-ambulatory patients (e.g., paraplegia) 

and in patients with significant underlying medical diseases (e.g., severe cardiopulmonary 

risk). Nonoperative treatment option includes closed reduction with skeletal traction with or 

without subsequent cast bracing. This method requires confinement to bed, is time consuming 

and expensive, and is not well suited for multiply injured or elderly patients. The complications 

are deep venous thrombosis, pulmonary embolism, decubitus ulcer, pneumonia and urinary 

tract infections.22 

To our knowledge, only one study published by Butt et al. in 1996, had assessed nonoperative 

versus operative treatment for distal femur fractures. They compared elderly patients treated 

with skeletal traction for 3 to 6 weeks followed by cast bracing with those treated operatively 



Review of Literature 

29 
 

using a dynamic condylar screw and plate. Their results overwhelmingly favoured operative 

treatment with a threefold decreased risk of complications of immobilization (DVT, UTI, 

pressure sores, and pneumonia) in operated patients.23 

 

OPERATIVE TREATMENT OF DISTAL FEMUR FRACTURES  

The condylar blade plate was introduced by AO in early 1960s. In 1974 Schatzker and 

colleagues published the results of their 68 patients (71 fractures) with distal femoral fractures 

operated between 1967 and 1972 with the AO condylar blade plate.24 They reported 75% good 

to excellent results compared to 32% acceptable results in patients treated conservatively by 

the same surgeons. This definitively establishing surgical fixation as the preferred mode of 

treatment for distal femoral fractures. 

 

Fig 28: Condylar blade plate 

Encouraged by the early success of rigid internal fixation, additional fixation methods like 

double plating were proposed which met with varying success.25 

With passage of time, the AO developed the Dynamic Condylar Screw and plate to replace the 

Condylar blade plate which was technically more challenging.26 
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Fig 29: Dynamic Condylar Screw fixation of distal femur fracture 

Further, challenges presented by the C3 distal femoral fractures heralded the development of 

the Condylar Buttress Plate by AO.26 The earliest attempts at bridge plating made use of the 

Condylar Buttress plate for fixation of the fragments.27 

 

 

Fig 30: Condylar buttress plate 



Review of Literature 

31 
 

Retrograde intramedullary nails have also been used to treat selected distal femur fractures. 

The main advantage of nailing was less soft-tissue dissection and disturbance of the fracture 

haematoma. Additionally, the nail also offered a biomechanical advantage of being a load-

sharing device compared with a plate. Potential disadvantages of retrograde nailing include 

knee sepsis, knee stiffness, patella-femoral pain, and synovial metallosis resulting from nail or 

screw fretting or breakage. 

 

Fig 31: Retrograde nailing for distal femur fracture 

 

External fixation is used for temporary stabilization of polytrauma patients the so-called 

damage control orthopaedic surgery or for temporary stabilization of open fractures and 

fractures with severe soft tissue injury where primary plating has a high risk of infection. The 

advantages of external fixation include rapid application, minimal soft tissue dissection, and 

the ability to maintain length, wound access, and mobilization of the patient. Once the patient 

and the soft tissues have improved, definitive internal fixation should be undertaken. Therefore, 

initial fixator pin placement should avoid areas of planned surgical incisions and implant 

placement whenever possible. As a general rule, 5-mm half pins are inserted anteriorly or 

laterally above and below the fracture usually in the mid- to proximal shaft of the femur and 

proximal tibia. The pins are connected by knee spanning connecting rods.  
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Fig 32: External fixator for distal femur fracture 

 

THE DEVELOPMENT OF BRIDGE PLATING IN DISTAL FEMUR 

Bridge plating was described as an indirect reduction technique that is appropriate for 

fractures with a long comminuted metaphyseal segment and an intact soft-tissue envelope. This 

technique was in vogue since the late 1980s. The earliest references for bridge plating as a 

technique in distal femur have been seen in 1989 when the Mast et al published their techniques 

for ‘indirect reduction’.28   In indirect reduction, a modality like manual traction or a distraction 

device is utilized to achieve a reduction of the meta-diaphyseal component of the fracture 

without disturbing the soft tissue envelope around the fracture itself. The authors emphasized 

that this technique was useful in particular for comminuted articular or periarticular fractures 

which were not amenable to internal fixation with an intramedullary nail. Once correct rotation, 

length and alignment were established, the authors recommended that the smaller fragments 

could be manoeuvred into place using a dental pick. 29 

Ostrum and Geel 27 in 1995 reported a study of 30 patients with distal femoral fractures 

in whom they used indirect reduction methods with comparable success rate as open reduction 

but with less morbidity. The authors concluded that bridge plating reduces the need for 

secondary bone grafting and bone graft morbidity. In this technique, the posterior and medial 

soft tissues were not disturbed. Even bone levers and retractors were not placed on the medial 
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surface. The authors used 19 DCS, 10 distal femoral condylar buttress plate and 2 broad DCP. 

They also concluded that the technique was ill suited in patients with osteoporotic fractures. 

With hindsight, it can be concluded that the high failure rate in osteoporotic patients was 

probably due to the use of cortical screws which were the prevailing options at that time. 

       Farouk et al 30 performed an injection study in cadaver femurs to compare the vascular 

supply after conventional open lateral plating with that present after percutaneous plate 

insertion. All femurs undergoing the minimally invasive technique showed both superior 

periosteal and medullary perfusion. Although this study did not include a fracture model, the 

findings clearly indicated that the vessels that supply the injured bone are at risk when a 

standard lateral approach to the femoral shaft was used. This study led investigators to explore 

the results of clinical outcome in fractured bones using percutaneous plate insertion methods.  

It was also noted that the technique of bridge plating could not be used for simple (transverse 

or short-oblique) fractures because of excessive strain that developed at these fractures 31 This 

led to instances of delayed union or non-union and implant failure. Simple fractures (transverse 

or short-oblique) needed absolute stable fixation with interfragmentary compression and 

therefore ORIF with Condylar Buttress plates were preferred.   

 

THE CONCEPT OF MINIMALLY INVASIVE PERCUTANEOUS PLATE 

OSTEOSYNTHESIS (MIPPO) IN DISTAL FEMORAL FRACTURES 

       Krettek and colleagues32 were the first to coin the term Minimally invasive percutaneous 

plate osteosynthesis (MIPPO) as a technique for bridge plate fixation in which they used the 

technique in both proximal and distal femoral fractures with good results. They stressed that 

the surgical technique was demanding and great care had to be taken to restore axial alignment. 

       Krettek and colleagues 33 used the MIPPO technique in another series of eight patients with 

complex distal femur fractures (AO types C2 and C3) 34 

The authors used a lateral parapatellar arthrotomy and placed a dynamic condylar screw or 

condylar buttress plate through a sub vastus tunnel created through the arthrotomy after the 

joint anatomy had been restored.  The plate was then attached to the condylar fragment and 

fixed to the shaft by percutaneously placed screws.  All fractures united without a need for 

bone grafting and neither were there any infections. From these studies, it is interesting to note 

that the principles of MIPPO were being used in the late nineties even before locking plates 
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were devised. By the turn of the century, the technique of MIPPO received a shot in the arm 

with the development of locking plates. 

 

THE DEVELOPMENT OF LOCKED PLATES 

In 2001, Robert Frigg and associates 35 introduced the concept of a locked plating system. This 

system was called Less Invasive Stabilization System (LISS) and served as a forerunner to the 

current locking plate system. The idea behind this system was to combine the advantages of 

both interlocked intramedullary nailing techniques and the early advances of the so-called 

biological plating technique into one system. The good results obtained from the LISS system 

helped in converting the Condylar buttress plate design into a distal femoral locked plate design 

by converting the non-locked screw holes in the condylar buttress plate into locked screw holes 

in the distal femoral locking plates. Today treatment with a distal femoral locking plate is 

considered the standard of care in distal femoral fractures. To understand how the locking 

plates have stood the test of time and have become the standard of care today, we need to 

understand the principles and technical details behind locked plating. 

Locking plates was a result of the pioneering work of Robert Frigg and team working from 

Switzerland way back in 1989. The plan was to create a plate-like device that could be place 

over the bone through a minimally invasive approach and locked above and below the fracture, 

like a nail. The device would in essence work like an internal fixator. Frigg and associates 

patented the idea in 1990. Over the next decade the team worked with Synthes, USA to develop 

the technology, the results of which were published in 2001.35 The idea had four requirements 

– The plate had to be designed anatomically to match the contours of the specific bone, the 

plate had to be fixed to an external insertion handle, the insertion handle required screw 

insertion guide holes and most importantly, the screw had to lock on to the plate to create a 

fixed angle construct. This also required the plate to be sufficiently thick and strong. It had to 

be thick to accommodate more threads to engage with the threads on the screw heads. It had to 

be strong to resist axial forces thereby acting as a fixed angle construct and resist rotatory forces 

thereby acting like a locked intramedullary nail. It was also important that the plates were 

designed to anatomically match the contours of the meta-diaphyseal bridging area. Though it 

was not an absolute requirement that the plate should snugly fit the bone, yet a near normal 

match would be ideal. In addition to the correct shape of the plate, the angulation of the screws 

in the condylar area had to be accurate. The screws had to provide optimal support and 

anchorage of the fixator in the condylar area without risking penetration of either the 
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intercondylar notch or the patellofemoral joint.  Since the direction of the locking screw is 

fixed, the contour of the plate had to match the general curvature of the femur to minimize 

eccentrically placed screws and to ensure optimal fixation. The plates were designed keeping 

in mind the average radius of curvature of 1.5 meter for the femur. The screw threads were 

designed to have a conical configuration. This ensured that the screws were self-centering in 

the hole and the screw would not back out. The core diameter of the screw was increased to 

resist the increased bending forces and higher shear forces. The increased diameter of the 

screws and threaded screw-plate interface allowed the placement of unicortical screws in the 

diaphysis, the stability of which was established in a cadaveric biomechanical study. 36 

Reducing the pitch of the threads and adding a tap section to the screw tip allowed for use of 

self-tapping screws. 

The locking plate can thus be summarized as an ‘internal fixator’. An internal fixator is a 

construct where the screws (which can be compared to the pins of an external fixator) are 

locked in the plate (which can be compared to the frame of an external fixator). The forces are 

transferred from the bone to the plate across the screw-plate threaded connection. By virtue of 

locking the screw to the plate the stability of the construct increases and toggling of the screw 

is minimized. The construct also does not require the plate to compress the bone thereby 

preserving the periosteal blood supply 4. 

 

MIPPO WITH LOCKING PLATES 

The technique of MIPPO does not give absolute stability but provides relative stability. In 

comminuted fractures sufficient stability is achieved by simply bridging the fracture site by a 

plate of adequate strength and length. This type of fixation is referred to as splinting. In 

periarticular fractures, the stability achieved by splinting is sufficient to overcome all the pain 

originating from the fracture, while making it safe to allow immediate functional movements 

at the joint. This is critically important to achieve range of movements of the joint as well as 

regeneration and healing of the articular cartilage .26 It is also to be noted that the technique of 

MIPPO aids to secure the reduction already obtained. One cannot rely on the technique to 

obtain a fracture reduction.29 

MIPPO, as a technique is not ideal for simple (transverse or short-oblique) fractures because 

of excessive strain that developed at these fractures leading to delayed union or non-union and 

implant failure31. Such fractures need absolute stable fixation with interfragmentary 

compression and therefore ORIF with LCP is preferred.  However, the MIPPO technique is 
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quite useful in a fracture with a long spiral oblique fracture line. These are typically low 

velocity injuries seen in elderly patients and they will benefit immensely by the reduced 

morbidity achieved by the MIPPO technique 8 

Kregor et al, in 2001, first presented the clinical results in Level I trauma centres where distal 

femur fractures of AO/OTA 33 Al-A3 and 33 Cl-C3 were treated with the MIPPO. The result 

in sixty-six patients with an average follow up of nine months was reported. All fractures healed 

with an average time to full weight-bearing of 11 weeks. Average range-of motion was 20 

degrees of extension to 1030 of flexion. No loss of fixation in the distal femoral condyles was 

observed, despite the treatment of 20 patients older than 60 years. The authors concluded that 

the advantages of MIPPO were high union rates without autogenous bone grafting (95%), low 

infection (3%), and maintenance of distal femoral fixation (100%) in a population characterized 

by either high-energy trauma or low-energy trauma in osteoporotic patients. The obvious 

success and the extension of MIPPO technique to even osteoporotic patients were due to the 

introduction of the superior fixation with locked plates and screws 29 

Kolb et al 37 reported their results in a retrospective series of 50 patients treated for distal 

femoral fractures. Functional recovery was found to be very appreciable with 80% of good and 

very good results. They concluded that the locking plate system allows early mobility, rapid 

functional recovery and good radiological results with low morbidity, even though the fractures  

were intra-articular fractures. 

Weight, et al 38 did a retrospective analysis of 21 patients with 22 fractures who had high 

velocity injuries out of which 6 fractures were open and all were comminuted. All fractures 

were treated by minimally invasive technique and were found to have satisfactory outcome 

without any secondary surgeries. The authors concluded that the MIPPO facilitates the stable 

fixation and facilitates early healing in mechanically unstable high energy fractures of distal 

femur. 

       Encouraged by the early success of the MIPPO technique, the method gained rapid 

popularity in management of these fractures. However, Haidukewych G.J. pointed out that 

when such plates were inserted percutaneously, malalignment was common. The author 

stressed the need for careful vigilance on the part of the surgeon to prevent malalignment. The 

author also stressed the difficulty in implant removal with the use of locked plates. 39 

        Rodriguez, et al 40 reviewed 271 distal femur fractures treated with a lateral locking plate 

and found that those treated with stainless steel plates had a nonunion rate of 41%, whereas 

those treated with titanium plates had a nonunion rate of 10%.  Titanium plates have been 
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shown to have more symmetric callus formation at the lateral cortex because titanium plates 

have a modulus of elasticity closer to that of bone when compared with stainless steel alloys. 

        Plate length is another potential factor that affects the union in distal femur fractures. Ricci 

et al 41 showed in a retrospective study of 335 distal femur fractures that a plate length of greater 

than or equal to 9 holes leads to a decreased revision surgery rate. Fourteen percent of implants 

failed when plates with 8 or less holes were used when compared with 3% on plates with 9 or 

more. 

       Beltran, et al 42 in a review article eluded on the salient features of plate stiffness produced 

by increasing screw density.  They stated that using too many screws proximal to the fracture 

causes a decrease in micromotion across the fracture fragments and results in less bone 

formation. This is especially true when the proximal screws are locking, which has been shown 

to be an independent predictor of nonunion. The authors recommended using 50% or fewer of 

the available holes proximal to the fracture and no more than four bicortical screws in the 

proximal segment. The working length of a plate defined by the distance between the most 

proximal and distal screws on either side of the fracture determined the stiffness of the 

construct. The authors stated that currently the optimal working length for distal femur 

fractures was unknown and determining this length will be an important step forward in our 

understanding of how to optimally treat these fractures. 

 

GUIDELINES FOR CLINICAL APPLICATION OF LOCKING PLATES 43 

Generally, there are two basic principles of internal fixation: interfragmentary compression and 

splinting. Compression is a safe, highly rigid method of fixation for simple fracture patterns. 

Splinting is the more flexible method of fixation that should be used mainly in complex or 

comminuted fractures of meta-diaphysis of long bones 44. 

Locking plates can be used in the following ways 

• Compression plating 

• Bridge plate technique 

• Combination technique 

Compression plating technique: LCP can be used in the compression mode for the simple 

transverse or oblique fractures in meta or diaphyseal segments of long bones. 
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Fig 33:  Compression technique of plating 

Bridge plate technique: Bridge plating techniques are used for multi-fragmentary long bone 

fractures in which intramedullary nailing or conventional plate fixation is not suitable. Here 

the plate provides relative stability by fixation of the two main fragments, achieving correct 

length, alignment, and rotation. The fracture site is left undisturbed, and fracture healing by 

callus formation is promoted. In bridge plating the length and angulation can be achieved by 

indirect methods and the fracture can be stabilised by minimally invasive methods. 

 

Fig 34: Bridge plating technique 
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The locking plate has a combi-hole with a threaded area and a non-threaded area. The threaded 

area allows a locking screw to lock to the plate creating a fixed angle construct. Alternately the 

plate can also be fixed by a cortical screw into the non-threaded area of the combi-hole. 

 

Fig 35: Plate with slot for locking head of the screw 

Based on the tip of the screw they are dived as: 

• Standard cortical screw - The standard, round-tipped cortical screw needs pre-drilling 

of a pilot hole and then tapping before insertion of the screw. 

• Self-tapping locking screw - The self-tapping screw needs pre-drilling of a pilot hole, 

but creates its own thread in the cortical bone by virtue of cutting flutes at the tip. 

• Self-drilling locking screw - The self-drilling screw requires no preparation of the bone 

before insertion. It is also self-tapping.  

 

 

Fig 36: Types of screw based on the tip 
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By using a locking head screw to the LCP, a fixed angled construct is created where the contact 

is between the plate and the screw without any periosteal damage. 

 

Fig 37: Locking plate applied without bone contact to create a fixed angle construct 

 

In osteoporosis, the bone cortex is usually thin and the working length of a monocortical screw 

is reduced and thus the anchorage of the locked screw is also poor. To avoid this problem in 

the osteoporotic bones it is advisable to use bicortical self- tapping locking screw to increase 

the working length of the screw. 
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Fig 38: Locking screw in the bone 

 

 

Fig 39: Working length of screw 

Choosing the appropriate length of the plate is one of the important aspects of the plating 

technique. In the past to avoid the extensive skin and soft tissue dissection shorter plate were 

used and noted many failures and complications. With the advancement of newer techniques 
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and minimally invasive techniques longer length plates are being used without much tissue 

dissection. 

From the mechanical point of view, it is advisable to keep the screw and plate loading as low 

as possible to avoid the fatigue failure due to cyclic loading. 

 

Fig 40: Fracture length and plate screw density 

The locking plate has three distinct segments  

• The middle segment at the fracture site between the two innermost screws. 

• The proximal and the distal plate segments anchoring the implant onto the proximal 

and distal main fragments.  

The length of the plate and the positioning of the screws influence the loading condition of the 

plate and screws. The middle segment which spans the fracture maintains local mechanical 

environment responsible for the biological response of fracture healing. 

The ideal length of the LCP can be determined by the two important parameters 

• Plate span width - Plate span width should be higher than 2 to 3 times the length of 

fracture comminution in comminuted fractures and higher than 8 to 10 times in simple 

fractures. 
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• Plate screw density - Plate screw density is the number of screws inserted to the number 

of holes in the plate. It should be below 0.5 to 0.4, indicating less than half of the plate 

holes are occupied by the screws. 

 

 

Fig 41: Locking plate and strain at the fracture site 

 

The working length of a plate construct is defined as the distance between the first screws on 

either side of the fracture. The longer the working length bridging the fracture, the less is the 

stiffness of the construct. Some flexibility in the fixation is most important mechanism 

triggering and inducing the callus formation. Maintaining a low tissue strain allows for safe 

differentiation of granulation tissue into callus formation. When a plate spans a longer 

comminuted area the deformation is distributed over a longer distance leading to lower implant 

strain. 
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SHORTCOMINGS AND COMPLICATIONS OF LOCKED PLATES 

Though locking plates have several advantages over the conventional plates they also have 

some shortcomings, the knowledge of which helps avoid complications. The mechanisms of 

plate failure are: 

• Plate bending 

• Plate fracture 

• Plate pull-off 

• Locking screw failure 

Plate bending: The stability of the locking plate construct depends on the length of the plate 

and the screw density. The longer the locked plate, the smaller the pull-out force acting at the 

screw-bone interface due to increased working leverage 45.  If the plate spanning is too short 

this results in the less working length for each screw and the applied load will leads in high 

levels of strain at the fracture site and in the segment spanned. These repeated stresses 

concentrated over the fracture site will subsequently distribute along the entire construct and 

will leads to implant bending. This deformed plate will no longer provides the stable fixation 

required for the maintaining the reduction, alignment and for fracture healing. 

 

Plate fracture: Similar to the plate bending if the stress concentration is seen in the spanning 

segment this leads to cyclic deformation, implant fatigue and eventually implant failure. 

Vallier, et al. reported that the implant failure may also occur secondary to fatigue occurring 

through the non-union site 46. Early identification of impending non-union and appropriate 

management may avoid this complication.  

 

Plate pull-off: This is seen when there is poor purchase of the screws in weak bones like 

osteoporotic bones. Here the plate with the screws comes off from the bone as a whole. In 

osteoporotic fractures it is always recommended to use bicortical locking screws. 

Locking screw failure: This usually occurs due to technical error or poor-quality implants 

where the screw does not lock to the plate. This can be avoided by checking the plate and 

screws before insertion.  
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MATERIALS AND METHODS 

This study is a prospective hospital-based study during the period from October 2019 to 

September 2021. Patients with the distal femur fracture admitted and operated under 

Orthopedics department of SDM College of Medical Sciences & Hospital satisfying the 

inclusion criteria were included in the study.  

 

INCLUSION CRITERIA 

• Patients above 18 years with closed or open (up to Gustilo-Anderson Type IIIB)47 

fractures of the distal femur (AO/OTA Type 33A2, 33A3, 33C2, 33C3)7 available for 

a minimum follow-up of one year after the surgery. 

 

EXCLUSION CRITERIA 

• Pathological fractures of the distal femur 

• Fractures of the distal femur fracture associated with vascular injuries (Gustilo-

Anderson Type IIIC)47 

• Fractures of the distal femur associated with neurological injuries in the limb. 

 

ADMISSION AND PRE-OPERATIVE WORK-UP 

Initial evaluation of the of the patient with distal femur fracture involved a detailed history 

regarding the time of injury, mode of injury and associated injuries in case of a polytrauma. 

Patient was also asked about the presence of co-morbidities, history of chronic drug intake, 

smoking and alcohol consumption. Clinical examination involved assessment of the level of 

fracture, the health of the soft tissue sleeve, vascular deficits and neurological deficits. 

Patients was made comfortable with a radio-lucent malleable splint and X-Ray of the affected 

limb involving full length of the femur with the knee joint was performed in both antero-

posterior and lateral views. If there was an intra-articular fracture, then a CT scan with 3-D 

reconstruction was done to assess the position and size of the intra-articular fracture fragments. 

The fracture was then be classified according to Muller’s AO/ OTA classification.7 
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The patient and family were counseled about the nature of the injury, the mode of treatment, 

the cost of treatment, the post-operative protocol and rehabilitation protocol after which an 

informed written consent was taken. Patients with closed fractures were splinted with a high 

above knee POP slab or with the Thomas splint. DVT (Deep Vein Thrombosis) prophylaxis 

was started from the time of admission if there were no contraindications. 

Patients with open fractures were taken up for an emergency debridement and temporarily 

stabilized with a knee spanning external fixator. In addition, displaced intra-articular fragments 

were temporarily held by K-wires. Such patients were monitored for wound healing and taken 

up for the definitive fixation only after satisfactory healing of the primary debridement wound. 

Patients with closed fractures and patients primarily treated by external fixators were taken up 

for definitive surgery with distal femoral locking plates on elective basis. 

 

SURGICAL PROCEDURE 

Antibiotic prophylaxis with 1.5gm Cefuroxime was started half an hour before surgery. Patient 

was positioned supine on a radiolucent operating table with a small sandbag placed beneath the 

ipsilateral buttock to counteract the normal external rotation of the lower extremity. The distal 

femur was then be exposed by an antero-lateral incision and the vastus lateralis lifted to expose 

the lateral condyle. In fractures with intra-articular extension, the incision was extended to the 

tibial tuberosity to enable dislocating the patella medially to obtain full visualization of the 

articular surface. Care was taken to preserve the periosteum under the vastus lateralis. An 

anatomically contoured titanium side specific distal femur locking compression plate was then 

tunneled proximally in the sub-muscular plane. Proximally, a second incision was made 

laterally, well above the fracture site to expose the proximal end of the plate. Fracture reduction 

was done manually by an assistant with the surgeon paying particular attention to restoration 

of length, alignment and rotation of the lower limb. The plate was positioned distally and 

proximally on the bone and the position and reduction was checked under C-arm after which 

the plate was provisionally held to the bone by multiple K-wires. The reduction was then be 

secured using appropriate-sized locking screws proximally and distally. After fixation, the 

stability of the construct was checked by gentle knee movements. The wound was closed over 

a drain which was removed after 48 hours. 
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Fig 42: Preoperative X ray of distal femur fracture 

 

 

Fig 43: Intraoperative MIPPO technique 
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Fig 44: Post operative X ray of distal femur fracture with LCP in MIPPO technique 

At the end of the surgery, data regarding the plate length, working length and length of meta-

diaphyseal comminution were recorded. Plate size is described in terms of number of holes in 

the shaft of the plate excluding the metaphyseal block. Plates are available in odd-numbered 

sizes (7-holed, 9-holed, 11-holed, 13-holed and 15-holed). Plate length is defined as the total 

length of the plate used for the fixation. The number of screws in the articular block and the 

number of screws in the proximal fragment were recorded. All screws were 5mm self-tapping 

locking screws. 

The length of meta-diaphyseal comminution (fracture length) was defined as the length of the 

comminuted fracture segment which was being bridged by the MIPPO technique. This 

measurement does not include the fracture lines extending into the articular surface since these 

were being addressed by open reduction. Working length of a plate construct is defined as the 
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distance between the first screws on either side of the fracture. The length of meta-diaphyseal 

comminution and working length was recorded on the immediate post-operative X-ray. 

 

POST OPERATIVE PERIOD 

Post-operatively, antibiotics were continued for five days. Gentle knee range of motion 

exercises were started from the first post-operative day. Patients were allowed to mobilize toe 

touch weight bearing with walker after assessment of upper limb strength under the supervision 

of a therapist. Patients with additional injuries in the ipsilateral or contralateral lower limb or 

the patients with upper limb injuries were not allowed toe-touch weight bearing in view of the 

accidental possibility of loading the operated limb. Emphasis was placed on quadriceps 

strengthening by static quadriceps exercises and straight leg raise. Sutures were removed on 

day 14. DVT prophylaxis was continued for 6 weeks. 

 

FOLLOW-UP 

Patients were followed up with serial clinical examination and X-rays at 6 weeks, 12 weeks, 6 

months and 12 months to assess the progress of fracture healing, knee range of motion, 

mobilization status and to detect any complications like implant infection, implant failure, 

delayed union, mal-union and non-union. 

Radiological union was defined as bridging of the fracture site at three cortices by callus or 

cortical continuity with obliteration of the fracture line.48 Delayed union was defined as missing 

radiographic evidence of fracture union at 6-month (26 weeks) follow-up which progresses to 

union without any intervention.49 Malunion was defined as any deformity at the fracture site of 

more than 10-degree in any plane and rotational malalignment of more than 10 degree as 

compared to the opposite side. Non-union was defined as the lack of progressive radiological 

evidence of union in serial X-rays made three months apart. Implant infection was defined as 

any signs of infection in the operated thigh and knee with or without discharge from the surgical 

scar, anytime during the period of follow-up. Implant failure was defined as any evidence of 

loosening, bending or breakage of the screws, bending or breakage of the plate with or without 

fracture union. 
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At 6 weeks follow-up, a clinical assessment of knee range of movement was made and X-rays 

were performed to look for early signs of union. At this stage, patient was taught partial weight 

bearing with a walker or a crutch which would be continued up to 12 weeks.  

At 12 weeks, patient was allowed full weight bearing as tolerated and support was generally 

discontinued over the next one month. 

A final follow-up, made at 12 months at which time a thorough clinical and radiological 

examination was made to look for functional and radiological recovery and results were 

assessed with the Neer Scoring System.21 Clinical photographs of the patient’s functional status 

were taken at this stage and radiological images were documented. Data so obtained were 

transferred to a master chart and were analyzed in SPSS software with appropriate statistical 

tests. 
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Figure 45 : Implants 

          

 

 

 

 

 

                                         

 

Anatomically contoured titanium distal 

femur plate 

A single plate with 7 screw holes in 

the metaphyseal block and odd 

numbered screw holes in the shaft 

Titanium 5mm self-tapping 

locking screw of different lengths 

Plate with locking sleeve in-situ 
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Figure 46 : Instrumentation 
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                                                         RESULTS   

The present two-year prospective study was conducted during the period between October 

2019 and September 2021. During this period 16 patients satisfying the inclusion criteria were 

recruited into the study and their results were analysed.          

AGE DISTRIBUTION 

The age distribution of our patients ranged from 21 years to 90 years with an average age of 

49.7 years. 

AGE IN YEARS NUMBER OF PATIENTS PERCENTAGE 

21-30 4 25 

31-40 2 12.5 

41-50 2 12.5 

51-60 4 25 

>60 4 25 

TOTAL 16 100 

Table 1:  Age distribution 

Chart 1:   Age distribution 
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SEX DISTRIBUTION 

Out of the 16 patients in our study there were 13 male patients and 3 female patients. 

  

SEX NUMBER OF PATIENTS PERCENTAGE 

MALE 13 81 

FEMALE 3 19 

 

Table 2: Sex distribution 

 

 

 

Chart 2: Sex distribution 
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SIDE OF INJURY 

Out of the 16 patients in our study, 11 patients had right distal femur fracture and 5 had left 

distal femur fracture. 

 

SIDE OF INJURY NUMBER OF PATIENTS PERCENTAGE 

Right 11 68.75 

Left 5 31.25 

   

Table 3: Side of injury 

 

 

Chart 3: Side of injury 
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TYPE OF FRACTURE: OPEN/CLOSED 

Out of the 16 patients in our study, 13 patients sustained closed fracture and 3 patients had an 

open fracture. All the 3 open fractures were Gustilo-Anderson type 3A open fractures.  

 

TYPE OF FRACTUE NUMBER OF PATIENTS 

CLOSED 13 

OPEN 3 

 

Table 4: Type of fracture 

 

 

Chart 4: Type of fracture 

 

 

 

 

19%

81%

TYPE OF FRACTURE

OPEN

CLOSED



Results 

58 
 

AO TYPE 

Out of the 16 patients in our study and one patient had an AO/OTA type 33A2 fracture, 2 had 

AO/OTA 33A3 type fractures, 6 patients had AO/OTA type 33C2 fractures and 7 patients had 

AO/OTA type 33C3 fractures. 

 

AO/OTA TYPE NUMBER OF PATIENTS PERCENTAGE 

33A2 1 6.25 

33A 3 2 12.5 

33C 2 6 37.5 

33C 3 7 43.75 

                         

Table 5: AO/OTA type 

 

 

 

Chart 5: AO/OTA type 
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MECHANISM OF INJURY 

Out of the 16 patients in our study, 12 patients sustained the injury due to road traffic accidents, 

3 due to fall from standing height and 1 as a result of an assault.   

 

MECHANISM NUMBER OF PATIENTS PERCENTAGE 

RTA 12 75 

FALL FROM STANDING 

HEIGHT 

3 19 

ASSAULT 1 6 

TOTAL 16 100 

   

Table 6: Mechanism of injury 

 

 

 

Chart 6: Mechanism of injury 

75%

19%

6%

MECHANISM OF INJURY

RTA

FALL FROM STANDING HEIGHT

ASSAULT



Results 

60 
 

RELATIONSHIP BETWEEN AGE AND MECHANISM OF INJURY 

We noticed that all the patients less than 50 years of age sustained injury due to high velocity 

injuries as a result of road traffic accidents. In patients above 50 years, we found that there was 

a combination of high velocity injuries (road traffic accidents and assault) and low velocity 

injuries (fall from standing height). Of these, 6 patients had high velocity injuries and 3 had 

low velocity injuries. 

AGE MECHANISM OF INJURY 

RTA FALL FROM STANDING 

HEIGHT 

ASSUALT 

<50 YEAR 7 0 0 

>50 YEAR 5 3 1 

                          

Table 7: Relationship of age with mechanism of injury 

 

 

Chart 7: Relationship of age with mechanism of injury 
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ASSOCIATED INJURIES 

Since most of the cases in our study are due to high velocity injuries, out of the 16 patients 11 

had sustained injuries to other organ system and some were associated with fractures of other 

long bones. Out of the 11 patients 8 patients had bony injuries to the appendicular skeleton. 

 

ASSOCIATED INJURIES NUMBER OF PATIENTS PERCENTAGE 

PRESENT 11 69 

NO 5 31 

                                        

Table 8: Associated injuries 

 

 

 

Chart 8: Associated injuries 
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TIME TO PRIMARY FIXATION 

In our study after optimizing the patient, the mean time to primary fixation in 15 out of the 16 

patients was 4.8 days from the time of injury with a range between 2 to 9 days. One patient 

with Type 3A open distal femur fracture with patella fracture and extensive soft tissue 

contusion was treated primarily with debridement, temporary K-wire fixation of the articular 

block and stabilised by a knee spanning external fixator. This patient was taken up for definitive 

distal femoral fixation by MIPPO technique along with patella fracture fixation on 17th day 

after the injury. 

TYPE OF ANAESTHESIA 

All the 16 patients were operated under a regional anaesthesia, either spinal anaesthesia or 

combined spinal and epidural anaesthesia. 
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DURATION OF SURGERY 

Average duration of the surgery among our study patients was 102 minutes with shortest being 

90 minutes and longest being 120 minutes. 

 

DURATION NUMBER OF PATIENTS 

<90MIM 7 

91-120MIN 9 

  

Table 9: Duration of surgery 

 

 

 

Chart 9: Duration of surgery 
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BLOOD LOSS 

Average blood loss in the 16 patients who underwent surgery was found to be 160 ml. 

 

BLOOD LOSS NUMBER OF PATIENTS 

<100ML 1 

101-150ML 8 

151-200ML 7 

 

Table 10: Blood loss. 

 

 

 

Chart 10: Blood loss. 
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SIZE OF PLATE 

In all the cases side specific titanium distal femur anatomical locking compression plates were 

used. In our study we used 9-holed to 15-holed locking plates with the plate length ranging 

from 16 centimetres (9-holed plate) to 36 centimetres (15-holed plate). 

 

PLATE SIZE NUMBER OF PATIENTS 

9-HOLED 1 

11-HOLED 8 

13-HOLED 6 

15-HOLED 1 

                                        

Table 11: Plate size 

 

 

Chart 11: Plate size 
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PLATE LENGTH 

In our study the plate length ranged from 16 centimetres (9-holed plate) to 36 centimetres (15-

holed plate). 

The plate has slots for 7 screws in the distal metaphyseal block. The maximum number of 

screws used were 7 and minimum was 3 in a patient who had a very distal fracture with Hoffa 

component. Proximally either 4 or 5 screws were used. All screws were 5mm self-tapping 

locking screws. 

LENGTH OF META-DIAPHYSEAL COMMINUTION (FRACTURE LENGTH) 

Among the 16 patients in our study, we found that the length of meta-diaphyseal comminution 

ranged between 19.7 cm and 5.4 cm with an average of 12.6 cm. 

WORKING LENGTH 

Among the 16 patients in our study, we found that the working length of the plate bridging the 

meta-diaphyseal comminution ranged between 24 cm and 6.3 cm with an average of 18.2 cm. 

POST-OPERATIVE MOBILISATION 

All except one of the 16 study patients underwent immediate knee mobilisation. Knee 

mobilisation was delayed in one patient with patella fracture which was fixed with cancellous 

screws. 

Toe-touch weight bearing with walker support was started in 8 out of the 16 study patients. In 

the remaining 8 patients, toe-touch weight bearing was not permitted as they had additional 

injuries in the ipsilateral or contralateral lower limb or upper limb. This was to avoid accidental 

possibility of patients loading the operated limb.   
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TIME TO FULL WEIGHT BEARING 

In our study we found that the average time to full weight bearing was 14 weeks with a range 

of 11 to 18 weeks except for one patient (Sl.no 15 in master-chart) in whom the weight bearing 

was delayed in view of poor progress of fracture healing. 

 

FULL WEIGHT BEARING 

(WEEKS) 

NUMBER OF PATIENTS 

11-13 8 

14-16 6 

>16 1 

                                     

Table 12: Time to full weight bearing 

 

 

 

Chart 12: Time to full weight bearing 
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TIME TO RADIOLOGICAL UNION 

The average time to radiological union in our study was 21 weeks with a range of 16 to 27 

weeks in the 15 patients whose fractures went on to unite. One patient (Sl. no 15 in master-

chart) did not show any radiological signs of union at final follow-up of one year. 

 

TIME OF RADIOLOGICAL 

UNION(WEEKS) 

NUMBER OF PATIENTS 

16-18 3 

19-21 5 

22-24 6 

25-27 1 

   

Table 13: Time to radiological union 

                                                    

 

Chart 13: Time to radiological union 
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DURATION OF FOLLOW UP 

In our study of 16 patients the mean follow-up was for 16 months with a range between 11 and 

24 months.  

 

DURATION OF FOLLOW-UP 

(MONTHS) 

NUMBER OF PATIENTS 

10-12 MONTHS 3 

13-18 MONTHS 9 

19- 24 MONTHS 4 

 

Table 14: Duration of follow up 

 

 

  

Chart 14: Duration of follow up 
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KNEE FLEXION  

The average knee flexion at the time of final follow-up was found to be 109 degrees with a 

range of 40 to 135 degrees. 

 

KNEE FLEXION NUMBER OF PATIENTS 

<90 DEGREE 3 

90-110 DEGREE 4 

>110 DEGREE 9 

                                                

Table 15: Knee flexion 

 

 

Chart 15: Knee flexion 

 

 

 

0

1

2

3

4

5

6

7

8

9

10

<90 degree 90-110 degree >110 degree

KNEE FLEXION

NUMBER OF PATIENTS



Results 

71 
 

EXTENSOR LAG  

Out of the 16 patients in our study, 6 patients had extensor lag on final follow up ranging from 

10 to 20 degrees. 

 

EXTENSOR LAG NUMBER OF PATIENTS 

NO EXTENSOR LAG 10 

5-10 DEGREE 3 

>10 DEGREE 3 

 

Table 16: Extensor lag 

 

 

Chart 16: Extensor lag 
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LIMB LENGTH DISCREPANCY 

Out of the 16 patients in our study, 6 patients had shortening compared to the opposite limb at 

final follow up ranging from 1 cm to 1.5cm. 

 

LIMB LENGTH 

DISCREPANCY (LLD) 

NUMBER OF PATIENTS 

NO LLD 10 

1 cm 3 

1.5 cm 3 

  

Table 17: Limb Length Discrepancy 

 

 

Chart 17: Limb Length Discrepancy 
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Coronal malalignment 

One patient (Sl. no 9 in master-chart) in our study of 16 patients had a 5 degree of valgus 

malalignment at the final follow-up. 

Osteoarthritis 

Out of the 16 patients one patient (Sl. no 4 in master-chart) had an osteoarthritis of the 

ipsilateral knee joint at the time of final follow up. This patient had an intraarticular fracture 

with an additional coronal plane medial condyle Hoffa fracture which was fixed with screws. 

Infection 

None of our study patients had infection 

Palpable screw 

In our study of 16 patients, 2 patients had a palpable screw head on the lateral side near the 

metaphyseal block during the time of final follow up. 

Implant Failure 

At one year follow-up, none of the study patients had implant failure.  

Delayed union 

None of our study patients had delayed union 

Non-union 

In our 16 study patients, 15 patients achieved radiological union. One patient (Sl. no 15 in 

master-chart) who had a Type 3A open fracture with quadriceps injury who was operated with 

primary plating and quadriceps repair did not show a progressive sign of union radiologically 

even after 11 months of follow-up and was declared as non-union. 
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FUNCTIONAL RESULTS: NEER SCORING 

The Neer scoring in the 16 study patients ranged between 34 and 97 with a mean of 83. Based 

on this, 10 (63%) patients were classified as excellent outcome and 4 (25%) patients were 

classified as satisfactory outcome. Thus 14 (88%) out of the 16 patients had excellent to 

satisfactory outcome. One patient was classified as unsatisfactory outcome with a Neer score 

of 56 out of 100. Another patient was classified as failure with a Neer score of 34. Thus 2 

(12%) out of the 16 study patients had unsatisfactory or failed outcome. 

NEER SCORING 

SYSTEM 

OUTCOME PERCENTAGE 

EXCELLENT 10 63 

SATISFACTORY 4 25 

UNSATISFACTORY 1 6 

FAILURE 1 6 

 

Table 18: Neer functional scoring 

 

Chart 18: Neer functional scoring 
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CASE 1 

         
 

 

 

 

 

 

   

 

Pre-operative X-ray – AO/OTA-

33A3 closed distal femur fracture 

with fracture neck of femur in a 

52-year male 

Immediate post-operative X-ray shows 

fracture neck of femur fixed with 6.5mm 

titanium cancellous screws and the 

fracture of distal femur treated by 

MIPPO technique 

Final follow-up at one year showing union of the 

fracture neck of femur as well as distal femur fracture 
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CASE 1 - FUNCTION AT FINAL FOLLOW-UP 
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CASE 2 

                   

 

 

 

 

 

 

Pre-operative X-ray of AO/OTA- 

33C2 closed distal femur fracture 

in a 30-year-old woman with 

proximal tibia fracture 

Immediate post-operative X-ray 

of distal femur fracture treated 

with MIPPO technique 

Final follow-up at one year showing union of 

the distal femur fracture 
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CASE 2 - FUNCTION AT FINAL FOLLOW-UP 
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CASE 3 

    

 

 

 

 

                      

 

 

 

 

 

 

 

Pre-operative X-ray of AO/OTA-33C2 closed distal femur fracture in a 37-year-

old male with ipsilateral total hip replacement. 

Immediate post-operative X-ray showing 

fracture of distal femur treated with 

MIPPO technique with a combination of 

unicortical and bicortical locking screws. 

Final follow-up showing union of 

the distal femur fracture with no 

disturbance to the hip prosthesis 
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CASE 4 

 

 

 

 

 

 

     

 

 

 

 

 

Pre-operative X-ray of AO/OTA-33C3 closed distal femur fracture with 

extensive comminution of the meta-diaphysis in a 36-year-old male 

Immediate post-operative X-ray showing 

fracture of distal femur treated with 

MIPPO technique  

Final follow-up showing consolidation 

of the extensively comminuted meta-

diaphyseal fracture fragments 
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COMPLICATION – PALPABLE SCREW 

     

 

 

                                                                                                                                                                                             

 

 

   

 

Pre-operative X-ray of AO/OTA-33A3 

closed distal femur fracture in a 54-year-

old male 

 

Immediate post-operative X-ray showing 

fracture of distal femur treated with 

MIPPO technique  

 

Final follow-up showing union of distal femur fracture 

with palpable screw 
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COMPLICATION – NON-UNION 

 

 

 

 

 

 

 

          

 

 

 

 

Pre-operative X-ray of AO/OTA-33C3 Type 3A open distal 

femur fracture in a 27-year-old male 

Immediate post-operative X-ray 

showing fracture of distal femur 

treated with MIPPO technique  

 

X-ray not showing signs of union even 

after 11 months of follow-up and was 

declared as non-union 
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COMPLICATION – OSTEOARTHRITIS 

 

 

 

 

 

     

 

 

Pre-operative X-ray of AO/OTA -33C3 closed distal femur 

fracture with medial condyle Hoffa fracture in a 57-year-old male 

 

Immediate post-operative X-ray showing 

fracture of distal femur treated with MIPPO 

technique and medial condyle Hoffa fracture 

fixed with screws 

 

 

Final follow-up X-ray showing union 

of the distal femur fracture with 

osteoarthritis of knee joint 
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DISCUSSION 

Fractures of the distal femur remain a daunting challenge. Management has been surgical since 

the 1970s, but treatments have been developed to limit complications such as joint stiffness, 

non-union and infection. Progress has been toward a soft-tissue friendly attitude entered on 

retrograde intramedullary nailing and plate fixation by minimally invasive percutaneous plate 

osteosynthesis (MIPPO) 

Supracondylar fractures are challenging injuries complicated frequently by the presence of 

comminution and intra-articular involvement with complex associated soft-tissue injuries. Jain, 

et al50 in their study of use locking plates for distal femur and proximal tibia fractures concluded 

that the LCP applied after understanding the biomechanics is one of the best available options 

for management of peri-articular and intra-articular fractures. Kao, et al51 in their study 

concluded that the treatment of distal femur fracture treated with percutaneous plating 

technique without direct manipulation of the fracture fragments led to good clinical outcome. 

Locking compression plates have emerged as the gold standard for treatment of distal femoral 

fractures. Cadaveric studies done by Farouk, et al 30 proved that the MIPPO technique helped 

in maintaining a better femoral vascularity and perfusion than conventional plating with open 

approach. Ganainy, et al52 studied the advantages of MIPPO technique in treating distal femur 

fractures in elderly diabetic patients. They concluded that the MIPPO technique using LCP 

gives favourable outcome in geriatric and osteoporotic individuals.  

Considering all the above advantages of MIPPO technique and Locking compression plates in 

treatment of distal femur fractures we performed this prospective study to better understand 

the results of this technique in our population. 

AGE AND DEMOGRAPHICS 

Distal femur fractures are classically known to present with two distinct peaks with 

regards to age distribution. The first group of patients are typically young, presenting with high 

velocity injury like road traffic accidents or fall from height. These fractures are often open, 

comminuted, and most probably the result of direct application of load to a flexed knee caused 

by motorcycle accidents or fall from a height. In developing countries like ours there is a higher 

incidence in males because of reckless use of two-wheelers. The second group include 

predominantly elderly patients presenting with relatively low energy injuries as a result of fall 
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from standing height and twisting of the lower limb. There is a higher incidence of females in 

this group who are generally are osteoporotic.53 

In a study done by Kregor, et al5 with 66 patients, the average age was 49 years with a range of 

17 to 90 years. The authors also reported a bimodal age distribution among their patients. 

Schutzl, et al54 in their study of 112 patients had an age range of 17 to 99 years. Weight, et al38 

in their study of 21 patients had a mean age of 44 years with range of 17 to 71 years. 

Schandelmaier, et al55 in their study of 54 fractures noted a mean age of 53 years with a range 

of 20 to 90 years.  In our study of 16 patients the age distribution ranged from 21 to 90 years 

with an average age of 49.7 years. We thus noted that the age distribution of our study patients 

was comparable with similar studies involving distal femur fractures. 

Out of the 16 patients in our study 13 were males and 3 were females. Since we had a small 

sample size, we were not able to find any reportable corelation between sex, age and 

mechanism of injury.  

Axial loading of the thigh is the most common mechanism of injury in all age groups. In elderly 

osteoporotic patients it is also seen that some fractures are a result of rotatory force applied to 

the thigh with the leg grounded and the body weight acting to produce a fracture with a long 

spiral pattern.3 In our study patients, 12 fractures were due to road traffic accidents, 3 due to 

fall from standing height and 1 due assault. We noticed that all our study patients less than 50 

years sustained injury due to the road traffic accidents which are high velocity injuries. In the 

patients more than 50 years of age we had a combination of high velocity injuries (road traffic 

accidents, assault) and low velocity injuries (fall from standing height). 

Out of the 16 patients in our study 11 patients had right distal femur fracture and 5 had left 

distal femur fracture. We have generally seen that distal femur fractures are more common on 

the right side in younger patients involved in road traffic accidents. This is because the patients 

on two-wheelers are at high risk of sustaining serious knee injuries and distal femur fractures 

from collision with on-coming traffic from the right side.  We found that 9 out of the 11 patients 

with right sided distal femur fracture were involved in road traffic accidents. 

The incidence of open fractures in distal femur fractures is around 10%. It is clearly evident 

that the functional outcome of open distal femoral fractures is related to three critical factors – 

the soft tissue injury, degree of contamination and degree of comminution of the articular or 

the metaphyseal block. The open wound is typically located in the anterior thigh proximal to 

the patella through which the proximal fragment tends to come out piercing the quadriceps 
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muscle and the skin. This could also lead to loss of comminuted metaphyseal bone through the 

wound. At the time of debridement, comminuted metaphyseal fragments which have lost their 

soft tissue attachments should be ruthlessly excised to prevent infection. However, avascular 

joint fragments which contain articular cartilage are preserved because they are vital for the 

stability and function of the joint. Though this approach comes at the risk of infection, the 

surgeon has to take this initial gamble keeping in mind the devastating loss of function of the 

joint should these fragments be removed. If infection occurs subsequently the fragment may 

have to be sacrificed with universally poor outcome in the end.26 

Once the articular block is reconstructed, the surgeon makes an assessment to either go for a 

primary fixation with distal femoral locking plate or a temporary fixation with a knee spanning 

external fixator.30 Since the articular fragments unite rapidly, can be held in place with minimal 

implants like lag screws or K-wires while the knee is spanned with a fixator. In such cases 

definitive fixation should be delayed until a stable soft tissue envelop has been achieved and 

there are no clinical signs of infection. This usually can be performed within two weeks.52 

Patients who have metaphyseal bone loss need careful follow-up to determine the appropriate 

timing for bone grafting to make good the metaphyseal bone loss.  

Out of the 16 patients in our study, 13 patients sustained closed fracture and 3 patients had an 

open fracture. All the 3 open fractures were Gustilo-Anderson type 3A open fractures. Two 

patients with open fractures were treated primarily with debridement and fixation with MIPPO 

technique. One patient was managed by a staged procedure where debridement and knee 

spanning external fixator was applied initially and later on converted to definitive fixation with 

MIPPO technique. We have noted that patients who present with open fractures sometimes 

tend to have significant contamination of the bone fragments and bone loss of the comminuted 

meta-diaphyseal fragments. Though MIPPO surgery is an excellent treatment modality in distal 

femur fractures it should be used with caution in open fractures as MIPPO technique relies on 

preservation of the soft tissue sleeve around the comminuted fragments. An enthusiastic 

attempt to perform a MIPPO procedure should not be made at the cost of a compromised 

debridement. It is always safe to perform a staged procedure in open fractures. 

The MIPPO technique is recommended in both extraarticular and intrarticular fractures with 

metaphyseal comminution as the technique works on bridging and preserving the soft tissue 

sleeve of the meta-diaphyseal comminuted fragments.32 Therefore fractures belonging to 

AO/OTA type 33A2, 33A3, 33C2 and 33C3 are indicated for MIPPO technique where ever 
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feasible.8  Weight, et al38 classified AO/OTA type 33A2, 33A3, 33C2 and 33C3 distal femur 

fractures as mechanically unstable fractures and recommended MIPPO technique for fixation 

of these fractures where ever feasible. 

 In our study we noted that we had a majority of intraarticular fractures (AO/OTA type 33C2 

and 33C3) as compared to extraarticular fractures (AO/OTA type 33A2 and 33A3).  16 patients 

in our study and 1 was Muller’s type 33-A2, 2 were Muller’s type 33-A3, 6 were Muller’s type 

33-C2 and 7 were Muller’s type 33-C3. 

Since distal femur fractures are frequently high velocity injuries it is commonly seen that it is 

associated with polytrauma in the form of head injury, spinal cord injury, chest injury, 

abdominal injury and injuries to the appendicular skeleton elsewhere.58 In the study done by 

Kregor, et al59, of the 99 patients, 39 had an isolated femur fracture, 35 had multiple fractures, 

and 25 had multisystem trauma with or without other associated fractures. Polytrauma and its 

sequelae sometimes interfere with timely definitive fracture fixation. In such cases it is always 

appropriate to splint the limb with a knee spanning external fixator.56 The delay in fixation 

increases the technical difficulty of the surgery, contributes to patient morbidity, and may 

interfere with the results. We noticed that since most of the cases in our study are due to high 

velocity injuries, out of the 16 patients 11 had sustained injuries to other organ system and 

some were associated with fractures of other long bones. Out of the 11 patients 8 patients had 

bony injuries to the appendicular skeleton. This resulted in delay in starting toe-touch weight 

bearing with walker support in nearly half of our study patients. Though this was an 

inconvenience during the early part of treatment we noticed that this did not make a significant 

difference in the final outcome.  

In our study after optimizing the patient, the mean time to primary fixation in 15 out of the 16 

patients was 4.8 days from the time of injury with a range between 2 to 9 days. This is because 

all patients were treated on elective basis with fixed operative days of particular surgical units. 

Though it is noticed that polytrauma increases the time to definitive fixation in the 11 patients 

with polytrauma in our study we noticed no significant difference in the time of fixation as 

compared to the patients with isolated distal femur fracture. One patient with open fracture was 

treated by a staged procedure as described above. 

The MIPPO technique in distal femur fractures is seen to have a lower operating time as 

compared to open reduction and internal fixation.69 In a study of 54 fractures Schandelmaier, 

et al55 reported an average operative time of 137 minutes. In a study of 103 fractures, Kregor, 
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et al59 reported an average surgical time of 183 minutes. In our study the average operative 

time was 102 minutes which was consistent with similar studies of MIPPO technique for distal 

femur fractures.  

By virtue of not opening the fracture site the MIPPO technique achieves lower blood loss as 

compared to open reduction and internal fixation.60 In a study of 103 fractures, Kregor, et al59 

reported an average of 373 ml of blood loss. In our study the average blood loss was 157 ml 

which was consistent with similar studies of MIPPO technique for distal femur fractures.  

Titanium with its superior biocompatibility and a modulus of elasticity similar to bone has a 

property of reduced stiffness of the fixation construct.61 In our study, keeping this in mind all 

patients were treated with titanium anatomically contoured plates. 

Using plates with longer lengths to bridge the meta-diaphyseal comminution helps in achieving 

a longer construct with lower plate-screw density effectively reducing the stiffness of the 

construct.62 In our study, the size of the plate was decided based on the length of the fracture 

comminution and the aim was to fix the fractures with long plates to reduce the stiffness of the 

plates. Thus, we used 9 to 15 holed plates of size ranging from 16 centimetres to 36 centimetres. 

The working length is critical in improving the stability of the fracture construct with less strain 

and better fracture healing.63 The aim in MIPPO technique is to achieve a higher working length 

while bridging the meta-diaphyseal fragment.64 Keeping this in mind in our study patients we 

have achieved a working length nearly 1.5 times the average length of the meta-diaphyseal 

comminution. Among our study patients, we found that the length of meta-diaphyseal 

comminution ranged between 19.7 cm and 5.4 cm with an average of 12.6 cm while the 

working length of the plate bridging the meta-diaphyseal comminution ranged between 24 cm 

and 6.3 cm with an average of 18.2 cm. 

The role of the distal screws is to create a fixed angle construct in the articular block along with 

fixation of the intraarticular fractures. It is in general desirable to place at least 6 to 7 screws in 

the distal articular fragment because these are unicortical screws.4,62 Sometimes in cases where 

there is an additional component of coronal -plane fracture requiring anterior to posterior screw 

fixation, it may not be feasible to place all of the screws in the articular block. In our study 

patients, keeping this in mind we have placed 5,6 or 7 screws in the distal fragment in majority 

of the cases. In one patient with Hoffa fracture of medial condyle we were able to place only 3 

screws in the distal fragment. This patient did not have any implant related issues but had a 

poor result due to osteoarthritis as a result of extensive intraarticular comminution. 
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In the proximal fragment it is desirable to place a minimum of 4 locking screws taking care to 

maintain a adequate working length. Kregor, et al59 in their study of 103 fractures used an 

average of 5 screws proximally. In the 16 patients in our study, we have used 4 or 5 screws in 

all cases. 

After the MIPPO procedure it is recommended to mobilise the knee immediately as tolerated. 

Early knee mobilisation is important to prevent muscle contractures as well as intra or 

extraarticular adhesions. All except one of the 16 study patients underwent immediate knee 

mobilisation. Knee mobilisation was delayed in one patient with patella fracture which was 

fixed with cancellous screws. This patient’s knee was mobilised after 4 weeks. At final follow-

up this patient had only 80 degrees of knee flexion. Laubenthal, et al65 demonstrated that the 

knee range of movements above 90 degrees is a realistic goal in most patients with distal femur 

fracture.  The early mobilisation of the knee resulted in majority of our study patients regaining 

knee flexion above 90 degrees which is one of the advantages of using the MIPPO technique. 

Weight, et al38 in their study of 22 fractures found the range of motion to be between 5 degree 

and 114 degrees on an average. Schandelmaier, et al55 in their study of 54 fractures noted a 

median knee flexion of 104 degree. In our study patients the average knee flexion at the time 

of final follow-up was found to be 109 degrees with a range of 40 to 135 degrees. 

After the MIPPO procedure it is recommended to allow either keep the patient non weight 

bearing or partial weight bearing (10-15 kg) with walker support.4  In our study patients we 

took care to ensure that patients without any additional limb injury were carefully mobilised 

under the supervision of a physical therapist. Patients with aadditional injuries in the ipsilateral 

or contralateral lower limb or upper limb were not allowed partial weight bearing to avoid 

accidental possibility of loading the operated limb.   

After the MIPPO procedure it is seen that weight bearing can safely be allowed between 12 to 

16 weeks even though complete radiological union takes a few more weeks.8 Weight, et al38 in 

their study of 22 fractures found that the time to full weight bearing was 11.5 weeks (range 8–

15 weeks). Kregor, et al 59 in their study of 103 fractures noted that time to full weight bearing 

was 12 weeks (range 5–24 weeks). Schandelmaier, et al55 in their study of 54 fractures found 

that the average time to full weight-bearing was 3.3 months (range from l.5 months to 5 

months). In our study we found that the average time to full weight bearing was 14 weeks with 

a range of 11 to 18 weeks except for one patient in whom the weight bearing was delayed in 

view of poor progress of fracture healing. This patient eventually went on to have a non-union. 



Discussion 

90 
 

The time to radiological union as defined as bridging of the fracture site at three cortices by 

callus or cortical continuity with obliteration of the fracture line 52 seem to differ in different 

studies. Weight, et al38 in their study of 22 fractures reported a mean time to healing of 13 

weeks (range 7–16 weeks). Schandelmaier, et al55 in their study of 54 fractures stated that the 

average time to healing was 3.3 months (range 2.5- 6 months). In a study of 103 fractures 

Kregor, et al59 reported an average time to healing of 11 weeks. However, Henderson and 

colleagues in their study of patients reported a higher duration for fracture healing. The average 

time to union in their study was 22 weeks (Range 11-36 weeks).66 The average time to 

radiological union in our study was found to be 21 weeks with a range of 16 to 27 weeks in the 

15 patients whose fractures went on to unite. One patient did not show any radiological signs 

of union at final follow-up of one year. Our union timelines seem to closely match with the 

data reported by Henderson and colleagues. They also reported that high-velocity injuries 

needed an average of three additional weeks to unite as compared to low-velocity injuries.66 

However, in our study we did not find any such difference in the time period of union in 

fractures due to high velocity injuries versus low velocity injuries.  

All operated distal femur fractures need to be followed up closely for delayed complications 

like implant failure, infections and osteoarthritis.67   Longer periods of follow-up are required 

to detect the emergence of knee osteoarthritis. In a study of 103 fractures Kregor, et al59 had an 

average follow-up of 14 months (range 3–50 months). Weight et al38 in their study of 22 

fractures had an average follow-up of 18 months (range 12–35 months). In our study of 16 

patients the mean follow-up was for 16 months with a range between 11 and 24 months. 

Extensor lag after distal femur fractures could be due to partial or complete quadriceps tears, 

delayed mobilisation or non-adherence to post-operative physical therapy protocols. 

Quadriceps scarring is seen to be the most common reason for extensor lag.3 Complete tear of 

the quadriceps is usually seen in open fractures and is addressed by primary repair during the 

time of fixation of the fracture. However, partial tears are difficult to clinically diagnose as the 

signs are masked due to the pain of the fracture. Additionally, while fixing these fractures by 

the MIPPO technique there is every possibility that these partial tears in the meta-diaphysis 

may go unrecognised and untreated.8 Kregor, et al59 in a study of 103 fractures reported 

extensor lag in 12 patients. 8 of these had an extensor lag of 3 to 5 degrees, 3 had an extensor 

lag of 10 degrees, and one had an extensor lag of 15 degree. Out of the 16 patients in our study, 

6 patients had extensor lag on final follow up ranging from 10 to 20 degrees. 
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Mal-alignment of greater than 5 to 10 degrees in any plane is likely to affect knee bio-

mechanics and gait. This may result in early knee degeneration. MIPPO technique by virtue of 

achieving indirect reduction does not allow for direct assessment of the fracture. Therefore, it 

is critically important that the surgeon pays attention to any mal-alignment by judicious use of 

intraoperative imaging. 3 In a study of 54 fractures, Schandelmaier, et al55 had two patients 

with valgus deformities of 6 degree and 13 degree and 5 patients with varus deformities 

between 5 and 10 degrees. Out of the 16 patients in our study we had one patient with 5 degree 

of valgus mal-alignment. At the final follow-up of 15 months this patient had an excellent result 

as per Neer scoring with no signs of osteoarthritis, though it is too early to comment on the 

same. 

The MIPPO technique by virtue of achieving indirect reduction does not allow for direct 

assessment of the fracture. This may sometimes result in shortening of the limb especially in 

cases where there is extensive meta-diaphyseal comminution resulting in impaction of the 

fracture fragments. Therefore, it is critically important that the surgeon pays attention to any 

shortening by comparing the limb length with the opposite lower limb. To achieve this, it is 

also recommended to drape the opposite limb free.4 Out of the 16 patients in our study, 6 

patients had shortening compared to the opposite limb at final follow up ranging from 1 cm to 

1.5cm. 

The anatomically contoured titanium locking plates though appears bulky seem to cause very 

less prominence of the implant due to the muscle bulk of the thigh. Having said that, it is 

important that the surgeon pays attention distally around the condyles. Some patients do 

complain of pain over the plate on the lateral femoral condyle due to rubbing of the iliotibial 

band with knee motion. The surgeon should take care to place the plate flush with the lateral 

cortex giving it a gentle tilt keeping in mind the trapezoidal shape of the distal femur. The 

surgeon should also take care that his condylar screws do not penetrate the medial cortex where 

it will be palpable and painful.3 In our study of 16 patients 2 patients had a palpable screw head 

laterally due to backing out of the screws from the screw head near the metaphyseal block. 

These patients did not have any other radiological signs suggestive of implant failure and went 

on to achieve union and good functional results. Both patients were managed conservatively. 

None of our patients had palpable screw on the medial condyle. 

The exact incidence of posttraumatic arthritis in the knee after distal femur fractures is 

unknown because no long-term outcome studies have been published. Loss of articular 

alignment in intraarticular fractures is likely to be the leading cause for early arthritis. Mal-
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alignment of greater than 5 to 10 degrees in any plane is likely to affect knee bio-mechanics 

and gait. This may also be an additional cause for early knee degeneration. Mal-alignment is 

usually seen in extraarticular fractures and as mentioned above, more possible in MIPPO 

technique if sufficient attention is not paid while doing the surgery. Arthritis can be quite 

disabling in younger patients as they are not ideal candidates for knee arthroplasty. In our study 

one 57-year-old patient with AO/OTA type 33C3 had significant osteoarthritis on the final 

follow-up at 20 months. This patient had an additional coronal plane medial condyle hoffa 

fracture which was fixed with screws. The reason for his arthritis could be attributed due to 

articular mal-alignment. Since his fracture has united, he has been explained about the need for 

implant removal and knee arthroplasty if his knee symptoms are disabling. Patient at present 

has opted for conservative treatment in view of his low demand activity. 

Traditionally it was seen that open anatomic reduction and rigid internal fixation with 

traditional plates in distal femur fractures was associated with delayed or non-union in 29% to 

38% of fractures.  There was a dramatic improvement in cases treated with open reduction and 

locked plates which reduced the incidence of non-union and delayed union to less than 20%.66 

The MIPPO technique further reduced the incidence of non-union and delayed union by virtue 

of preserving the soft tissue sleeve and vascularity around the fracture. Schutz et al reported 

93% union rates (37 of 40) in a multicentric study from Europe using the less invasive 

stabilization system (LISS) in distal femur fractures.68   Kregor, et al59 in a study of 61 patients 

reported a union rate of 95%. Weight and Collinge in their study of 22 fractures treated with 

LISS reported 100% union rate without the need for bone grafting.38   In our study of 16 patients 

15 patients achieved radiological union while one patient who had a Type 3A open fracture 

with quadriceps injury who was operated with primary plating and quadriceps repair did not 

show a progressive sign of union radiologically even after 11 months of follow-up. Patient was 

counselled about the need for bone grafting from the fourth month onwards, but patient was 

unwilling for the same. With this we can conclude that theoretically one of our 16 patients 

required a bone grafting in spite of using the MIPPO technique. We believe that the use of 

MIPPO technique does not rule out need for bone grafting in patients with extensive meta-

diaphyseal comminution. Thus, we also feel that it is critically important to counsel the patient 

regarding the same. 

In our study we did not have any cases of delayed union.  
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The infection rates after distal femur fractures have drastically reduced after the use of locked 

plates when compared to open reduction and internal fixation with rigid compression plates. 

2,35 The MIPPO technique by virtue of not disturbing the fracture biology has even lower 

infection rates.59 In our study of 16 patients treated by MIPPO technique, we did not have a 

single case of infection although 3 of our cases were open fractures.  

There were no cases of implant failure in our study. We can by and large attribute it to the 

discipline of strictly adhering to the technical details and the use of good quality titanium 

locking plates. 

The consideration of implant removal comes up often in our society where there is a fear 

regarding the metal implants in the body and the taboo regarding implants. It is not unusual for 

patients to request for implant removal once the fracture has united. Fractures treated by 

MIPPO technique usually heal with abundant callus due to the relative stability offered by the 

construct. Since many of these fractures involve the meta-diaphysis, even after union the 

remodelling is slow. In view of these considerations, it is prudent not to perform implant 

removal before 24 months due to the fear of refracture.3   We also counsel the patients that not 

all of them require implant removal. In elderly patients, the benefit of implant removal is far 

lower than the risk of anaesthesia and surgical trauma. In young patients with no symptoms, 

the procedure is not justified. Cold welding of the screw heads to the plate can cause additional 

problems in implant removal.4   The patient also needs to be educated that an implant placed 

with MIPPO technique may require full length incisions for removal. Implant removal was not 

performed in any of our study patients. 

Neer and associates developed a scoring system in 1967 to analyse the outcome of distal femur 

fractures treated both conservatively and surgically in 110 patients.21 It is based on clinic-

radiological criteria with a maximum score of 100 with a score more than 85 is considered as 

excellent, 71-85 as satisfactory, 55-70 as unsatisfactory and a score less than 55 as failure. The 

scoring system has stood the test of time and is used extensively after half a century. Kretteck, 

et al34 in their study of 10 patients had 6 excellent, one satisfactory, 3 unsatisfactory results and 

no failures as analysed by Neer score. In a study of 54 fractures, Schandelmaier, et al55 were 

able to quantify the Neer score at the end of one year in 27 patients. They reported a median 

Neer score of 74 points with 6 excellent, 14 satisfactory, 6 unsatisfactory and one poor result. 

In a study conducted in South India, Kamareddy and associates reported their results in 30 

patients with distal femur fracture treated by MIPPO technique using distal femur locking 
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plates. They reported excellent result in 50% of the patients, satisfactory result in 30% and 

unsatisfactory result in 20%.69 The Neer scoring in our 16 study patients ranged between 34 

and 97 with a mean of 83. Based on this, 10 (63%) patients were classified as excellent outcome 

and 4 (25%) patients were classified as satisfactory outcome. Thus 14 (88%) out of the 16 

patients had excellent to satisfactory outcome. One patient was classified as unsatisfactory 

outcome with a Neer score of 56 out of 100. Another patient was classified as failure with a 

Neer score of 34. Thus 2 (12%) out of the 16 study patients had unsatisfactory or failed 

outcome. 
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CONCLUSION 

 

Locking compression plate by virtue of creating a fixed angle construct is an ideal tool 

for the management of metaphyseal injuries like distal femur fracture. The MIPPO technique 

further compliments the advantages of locked plating principles. Distal femur fractures treated 

by MIPPO technique using distal femoral locking plates have the advantage of preserving the 

blood supply by minimizing periosteal damage, reducing blood loss and minimizing tissue 

trauma thus ensuring early mobilization and attainment of better functional results with less 

likelihood of complications like infection, non-union and implant failure. Prudent case 

selection and meticulous adherence to the surgical technique will produce excellent results in 

the treatment of distal femur fractures which are otherwise challenging injuries to treat.  
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ANNEXURE 1: PROFORMA FOR STUDY 

 

STUDY TOPIC: A CLINICAL STUDY OF SURGICAL TREATMENT OF DISTAL 

FEMORAL FRACTURES BY DISTAL FEMORAL LOCKING PLATES USING 

MINIMALLY INVASIVE PERCUTANEOUS PLATE OSTEOSYNTHESIS (MIPPO) 

TECHNIQUE 

 

Name :   Age :     Sex : 

 

UHID Number :       

 

Phone Number : 

 

Postal Address  : 

 

 

Occupation      : 

 

Date of Injury    :      Date of admission : 

 

Date of surgery :                            Date of discharge        : 

 

Mode of Injury :     Road traffic accident 

                                 Slip and fall (fall from standing height) 

                                 Fall from height 

                                 Sports related injuries 

         Crush injury 

         Work place accident 

         Assault 

 

Side of Injury  : 

 

Details of other Associated Injuries   : 

 

Any significant past history : 

 

Co-morbidities        :    Hypertension/Diabetes Mellitus/Coronary Artery Disease 

                                       Cerebrovascular Accidents/Bronchial Asthma 

                                       Chronic Obstructive Pulmonary Disease 

 

History of Smoking  : 
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Any significant General Examination findings 

Any significant Systemic Examination findings 

 

 

 

 

 

Local examination of the involved lower limb 

 

Open/Closed Fracture  : 

 

Gustilo-Anderson Type of Open Injury  : 

 

Description of the open Injury – Location, Size and status of contamination 

 

 

 

In closed fractures, description of the soft tissue sleeve   : 

 

 

Vascular Examination of the Lower Limb 

 

Neurological Examination of the lower limb 

 

Radiological evaluation 

 

X ray findings : 

 

AO Fracture Type  : 

 

Length of Metaphyseal fracture comminution   : 

 

CT Scan findings (if performed)     : 

 

Diagnosis on Admission       : 

 

Details of DVT Prophylaxis given : 

 

In open fractures 

Details of the Primary Debridement : 

 

Preliminary stabilization method : 

 

Details of Antibiotic Prophylaxis : 
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Details of the definitive fixation of the distal femur fracture by distal femur plate using 

the MIPPO technique 

 

Duration between primary Injury and definitive fixation 

 

Details of Antibiotic Prophylaxis 

 

Type of Anesthesia 

 

Duration of the Surgery 

 

Blood loss 

 

Any other significant intra-operative event : 

 

Implant Material     : Stainless Steel/Titanium 

 

Distal Femur Locking Plate Length 

 

Working Length of the plate 

 

Number of Proximal Screws 

• Locking Screws 

o Unicortical screws 

o Bicortical screws 

• Cortical Screws 

 

Number of distal screws 

 

Details of Post-operative Mobilization : 

 

Post-operative wound assessment 

• Healed Uneventfully 

• Wound infection/soakage 

o Details of action taken 

 

Any other significant events in the post-operative period  : 

 

Advise at the time of discharge 
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6-week Follow-up 

• Knee Range of Movement 

• X-Ray findings 

• Complications, if any 

• Mobilization status 

 

12-week Follow-up 

• Knee Range of Movement 

• X-Ray findings 

• Complications, if any 

• Mobilization status 

 

6-month Follow-up 

• Knee Range of Movement 

• X-Ray findings 

• Complications, if any 

• Mobilization status 

 

One year Follow-up 

• Knee Range of Movement 

• X-Ray findings 

• Complications, if any 

• Mobilization status 

• Neer Scoring 

 

Time to first appearance of fracture union 

 

NEER SCORE : 

 

 

FINAL RESULT AS PER NEER SCORE : 

 

 

 

 

 

 

 



Annexures 

 

ANNEXURE 2: NEER SCORING SYSTEM 

FUNCTIONAL SCORING (MAX 70 POINTS) 

PARAMETER DESCRIPTION POINTS 

Pain No pain 20 

 Intermittent pain or pain during bad weather 16 

 Pain with fatigue 12 

 Pain that restricts function 8 

 Constant pain or pain at night 0-4 

Function Function as before injury 20 

 Mild restriction of function 16 

 Restricted while using sideways and stairs 12 

 Severe restriction or use of Cane 8 

 Use of crutches or brace 4-0 

Range of Knee Motion Normal or 135degree 20 

 100 degrees 16 

 80 degrees 12 

 60 degrees 8 

 40 degrees 4 

 20 degrees or less 0 

WORK As before injury 10 

 Regular work, but with handicap 8 

 Alternative work 6 

 Light work 4 

 No work 0-2 

 

ANATOMICAL SCORING (MAX 30 POINTS) 

GROSS ANATOMY Union/Thickening of bone seen radiologically 15 

 Union with 0.5 cm shortening 12 

 Union with 0.5-2 cm shortening 9 

 Union with 2-3 cm shortening 6 

 Union with more than 3 cm shortening 3 

 Non-union or chronic infection 0 

ANGULATION Union with near normal anatomy 15 

 Union with 5-degree angulation 12 

 Union with 10-degree angulation 9 

 Union with 15-degree angulation 6 

 Union with Spreading of condyles or osteoarthritis 3 

 Nonunion or chronic infection 0 

   

TOTAL NEER SCORE  

   

Neer Score Grading of the result  

>85 Excellent  

71-85 Satisfactory  

55-70 Unsatisfactory  

<55 Failure  
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ANNEXURE 3: INFORMED CONSENT 

 

Principal investigator                                               Guide 

DR. SHARAN H G                                        DR. SUNIL MANNUAL 

Post Graduate Student                                     Additional Professor,   

Dept of Orthopaedics                                      Dept of Orthopaedics 

SDMCMS&H, Dharwad                              SDMCMS&H, Dharwad 

 

A CLINICAL STUDY OF SURGICAL TREATMENT OF DISTAL FEMORAL 

FRACTURES BY DISTAL FEMORAL LOCKING PLATES USING MINIMALLY 

INVASIVE PERCUTANEOUS PLATE OSTEOSYNTHESIS (MIPPO) TECHNIQUE 

 

 The study undertaken is for academic purpose and the treatment of the patient. No 

additional work up will be done. The work up done will only be in view of treatment 

of the patient. 

 I agree to visit the hospital for my follow up on the dates prescribed and have been 

informed about clinical examination of the fracture site and questions regarding my 

improvement. 

 This study has been explained to me and I understand what the study involves and 

therefore I agree to take part in the study. 

 I understand that I can refuse to permit carrying on with the any of the procedure said 

above. 

 The study involves clinical examination, and blood investigation. The above said 

examinations are for the study purpose and help my treatment. 

 I have been explained about the use  of my hospital records for study and treatment  

purpose and I agree to disclose my hospital records for the same and have been 

promised not to disclose information to any third parties  

 

Signature of the Patient………………………………………………           Date………… 

Full name……………………………………………………………. 

Full address………………………………………………………….. 

I HAVE BEEN PRESENT WHILE THE PROCEDURE HAS BEEN EXPLAINED TO THE 

PATIENT AND I HAVE WITNESSED HIS/HER CONSENT FOR THE PROCEDURE 

Signature of the witness…………………………………………….              Date………… 

(The witness should not be a person connected with the study) 

Full name…………………………………………………………… 
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Full address……………………………………………………………………………. 

1. ಕೈಗೊಂಡ ಅಧ್ಯ ಯನವು ಶೈಕ್ಷಣಿಕ ಉದ್ದ ೇಶ ಮತ್ತು  ರೇಗಿಯ ಚಿಕಿತೆ್ಸ ಗಾಗಿ. 

ಯಾವುದೇ ಹೆಚ್ಚು ವರಿ ಅಧ್ಯ ಯನವನ್ನು  ಮಾಡಲಾಗುವುದಿಲ್ಲ . ಮಾಡಿದ 

ಅಧ್ಯ ಯನವು ರೇಗಿಯ ಚಿಕಿತೆ್ಸ ಯ ದೃಷಿ್ಟ ಯೊಂದ ಮಾತ್ರ  ಇರುತ್ು ದ್. 

2. ನಿಗದಿತ್ ದಿನೊಂಕಗಳಲ್ಲಲ  ನನು  ಅನ್ನಸರಣೆಗೆ ಆಸಪ ತ್ಸರ ಗೆ ಭೇಟಿ ನಿೇಡಲು ನನ್ನ 

ಒಪ್ಪಪ ತ್ಸು ೇನೆ ಮತ್ತು  ಮೂಳೆ ಮುರಿತ್ದ ಸಥ ಳದ ಕಿಲ ನಿಕಲ್ ಪರಿೇಕೆ್ಷ  ಮತ್ತು  ನನು  

ಸುಧಾರಣೆಗೆ ಸಂಬಂಧಿಸಿದ ಪರ ಶ್ನು ಗಳ ಬಗೆೆ  ತಿಳಿಸಲಾಗಿದ್. 

3. ಈ ಅಧ್ಯ ಯನವನ್ನು  ನನಗೆ ವಿವರಿಸಲಾಗಿದ್ ಮತ್ತು  ಅಧ್ಯ ಯನವು ಏನನ್ನು  

ಒಳಗೊಂಡಿರುತ್ು ದ್ ಎೊಂಬುದನ್ನು  ನನ್ನ ಅರ್ಥಮಾಡಿಕೊಂಡಿದ್ದ ೇನೆ ಮತ್ತು  

ಆದದ ರಿೊಂದ ಅಧ್ಯ ಯನದಲ್ಲಲ  ಭಾಗವಹಿಸಲು ನನ್ನ ಒಪ್ಪಪ ತ್ಸು ೇನೆ. 

4. ಮೇಲೆ ಹೇಳಿದ ಯಾವುದೇ ಕಾಯಥವಿಧಾನವನ್ನು  ಮುೊಂದುವರಿಸಲು ಅನ್ನಮತಿ 

ನಿೇಡಲು ನನ್ನ ನಿರಾಕರಿಸಬಹುದು ಎೊಂದು ನನ್ನ ಅರ್ಥಮಾಡಿಕೊಂಡಿದ್ದ ೇನೆ. 

5. ಅಧ್ಯ ಯನವು ಕಿಲ ನಿಕಲ್ ಪರಿೇಕೆ್ಷ  ಮತ್ತು  ರಕು  ತ್ನಿಖೆಯನ್ನು  ಒಳಗೊಂಡಿರುತ್ು ದ್. 

ಮೇಲೆ ಹೇಳಿದ ಪರಿೇಕೆ್ಷಗಳು ಅಧ್ಯ ಯನದ ಉದ್ದ ೇಶಕಾಾ ಗಿ ಮತ್ತು  ನನು  ಚಿಕಿತೆ್ಸ ಗೆ 

ಸಹಾಯ ಮಾಡುತ್ು ವೆ. 

6. ನನು  ಆಸಪ ತ್ಸರ ಯ ದಾಖಲೆಗಳನ್ನು  ಅಧ್ಯ ಯನ ಮತ್ತು  ಚಿಕಿತೆ್ಸ ಯ ಉದ್ದ ೇಶಕಾಾ ಗಿ 

ಬಳಸುವುದರ ಬಗೆೆ  ನನಗೆ ವಿವರಿಸಲಾಗಿದ್ ಮತ್ತು  ಅದಕಾಾ ಗಿ ನನು  ಆಸಪ ತ್ಸರ ಯ 

ದಾಖಲೆಗಳನ್ನು  ಬಹಿರಂಗಪಡಿಸಲು ನನ್ನ ಒಪ್ಪಪ ತ್ಸು ೇನೆ ಮತ್ತು  ಯಾವುದೇ ಮೂರನೇ 

ವಯ ಕಿು ಗಳಿಗೆ ಮಾಹಿತಿಯನ್ನು  ಬಹಿರಂಗಪಡಿಸುವುದಿಲ್ಲ  ಎೊಂದು ಭರವಸೆ ನಿೇಡಲಾಗಿದ್ 

 

ರೇಗಿಯ ಸಹಿ ………………………………………… 

ಪೂರ್ಥ ಹೆಸರು………………………………………………………….. 

ದಿನೊಂಕ …………………… .. 

ಪೂತಿಥ ವಿಳಾಸ…………………………………………………………. 

ಕಾಯಥವಿಧಾನವನ್ನು  ರೇಗಿಗೆ ವಿವರಿಸಿದಾಗ ನನ್ನ ಪರ ಸುು ತ್ವಾಗಿದ್ದ ೇನೆ ಮತ್ತು  

ಕಾಯಥವಿಧಾನಕಾಾ ಗಿ ಅವನ / ಅವಳ ಕನೆೆ ೊಂಟ್ ಅನ್ನು  ನನ್ನ ತಿಳಿದಿದ್ದ ೇನೆ 

 

 ಸಾಕೆಿಯ ಸಹಿ ………………………………………. 

(ಸಾಕೆಿ  ಅಧ್ಯ ಯನದೊಂದಿಗೆ ಸಂಪಕಥ ಹೊಂದಿದ ವಯ ಕಿು ಯಾಗಿರಬಾರದು) 

ಪೂರ್ಥ ಹೆಸರು…………………………………………………………… 

ದಿನೊಂಕ ………………….……………………………………………………………. 
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ANNEXURE 4: ETHICAL COMMITTEE CLEARANCE 

 












