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ABSTRACT

Objectives: The aim of the study was to evaluate clinical and radiological outcome associated with surgical treatment of fracture around the knee 
treated by locking plates.

Methods: This was an observational follow-up study in which 40 patients who were having fractures around knee (Distal femoral or proximal tibial 
fractures) and treated by locking plates were included on the basis of a predefined inclusion and exclusion criteria. All patients were surgically treated 
by locking plates. Functional outcome was assessed by range of flexion, knee score and functional score. Complications such as wound infection, 
malunion, and non-union were also studied. P value < 0.05 was taken as statistically significant.

Results: There was an overall male preponderance with M: F ratio being 1:0.11. Road traffic accidents were responsible for 90% fractures. Average 
range of knee flexion was 88.5º in patients with distal femur fracture, and 106.5° in patients with proximal tibia fracture. Average Knee society score 
was 82.35 points in patients with distal femur fracture, and 88.55 points in patients with proximal tibia fracture. There were three cases with non-
union, all of them united after secondary bone grafting. Superficial infection was seen in total of two patients.

Conclusion: Surgical treatment of fracture around the knee by locking plates gives excellent results in terms of range of flexion as well as functional 
outcome particularly in cases having extra-articular fractures.
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INTRODUCTION

Knee joint is one of the most common joints to be involved in injuries. 
The common causes of injuries around knee include sports injuries, road 
traffic accidents (RTA), and falls from height. Optimum management of 
injuries around knee is crucial in maintaining good knee function. With 
rapid industrialization, there is an exponential increase in the incidence 
of RTA as well as workplace related injuries such as falls from height. All 
these accidents are prone to cause injuries around knee. In relatively 
young patients, considerable force is required to cause these injuries; 
however, in old age patients, even a trivial trauma or twisting force can 
cause these fractures [1].

Fracture lower end of femur and upper end of tibia are often difficult 
to treat and they are associated with many complications. These are 
serious injuries that frequently result in functional impairment, as they 
disturb knee alignment, stability, and movement [2].

Fractures of the distal femur have been reported to account for between 
4% and 7% of all femoral fractures, 31% of femoral fractures involve 
distal femur. Distal femoral fractures mainly arise from two different injury 
mechanisms. They are often caused by high energy trauma mainly sustained 
in RTA [3]. Open injuries with considerable communication of condyles 
and metaphysis are frequently seen, as is low energy trauma, relating to 
elderly patients with severe osteoporosis frequently seen as periprosthetic 
fracture. In high-energy trauma, the problem of restoring the function in a 
destroyed knee joint persists. Complex knee ligament injuries frequently 
occur additionally to extensive cartilage injuries. The “fatigue failure” of the 
osteoporotic implant-bone construct is a problem in elderly patients [4].

Fractures of the proximal tibia particularly those that extend into the 
knee joint are termed as tibial plateau or tibial condylar fractures. 

Proximal tibia makes about 1% of all fractures and 8% of the fractures in 
elderly. Most injuries affect lateral tibial condyle (55–70%) and isolated 
medial condyle fractures occur in 10–23% whereas the involvement of 
bicondylar lesions is found in 10–30% of the reported series [5].

In the early 1960s, there was a great reluctance toward operative 
management of these fractures because of high incidence of infection, 
non-union, malunion, inadequate fixation, and lack of proper 
instruments, implant as well as antibiotics. Then, the traditional 
management of displaced fracture supracondylar of femur was along 
the principle of John Charnley. This comprised of skeletal traction, 
manipulation of fracture, and external immobilization in the form of 
casts and cast bracings. These methods however met with problems 
such as deformity, shortening, prolonged bed rest, knee stiffness, 
angulation, joint incongruity, malunion, quadriceps wasting, knee 
instability, and post-traumatic osteoarthritis [6].

The aim of surgical treatment of distal femur fracture and proximal 
tibia fracture is to restore congruent articular surfaces of the condyles, 
maintaining the mechanical axis and restoring ligamentous stability. 
Thus, eventually, it can achieve functional painless and good range of 
motion in the knee joint [7].

We conducted this observational study to analyze the functional 
outcome of patients having fracture around knee who were treated by 
locking plates.

METHODS

This was an observational follow-up study in which 40 patients 
who were having fractures around knee (Distal femoral or proximal 
tibial fractures) and treated by locking plates were included on the 
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basis of a predefined inclusion and exclusion criteria. The study 
was conducted in the department of orthopedics of a tertiary care 
medical college. Institutional ethical committee approved the 
study and written and informed consent was obtained from all the 
participants of the study. The sample size was calculated on the 
basis of pilot study done on the topics of fractures around knee joint. 
Assuming 90% power and 95% confidence interval, the sample 
size required was 35 patients. Thus, we included total 40 patients 
in our study.

A detailed history was taken with respect to nature of trauma and 
a through clinical examination was done to exclude possibility of 
polytrauma. After hemodynamic stabilization is achieved imaging 
studies such as X-rays were done. In selected cases, 3D CT was also 
done. All basic investigations including complete hemogram, blood 
grouping, and viral markers were carried out. Physician’s opinion was 
sought in cases above the age of 45 years. Preparation was done till 
the hip. All patients were electively posted after getting pre-anesthetic 
evaluation.

Surgical procedure
The distal femoral fractures were treated by lateral approach which is 
described. The modification to standard lateral approach was done in 
some cases depending on the type of fracture. Proximal tibial fractures 
were treated by anterolateral approach.

A radiolucent operating table facilitated use of an image intensifier 
during the procedure. The patient was positioned supine with 
the ipsilateral hip elevated to allow slight internal rotation of the 
leg. Alternatively, the patient may be placed in the lateral position. 
The leg was draped free. With the patient in the supine position, a 
sterile bolster was placed under the knee to facilitate exposure and 
reduction.

A single straight lateral incision was made along the thigh. The incision 
was taken from as proximal as necessary and distally it extended 
across the midpoint of the lateral condyle anterior to the fibular 
collateral ligament, across the knee joint, and then anteriorly to end 
distal and lateral to the tibial tubercle. The fascia lata was then incised 
in line with the skin incision. At the knee, the iliotibial tract incised, 

and the incision was continued down through the joint capsule and 
synovium to expose the lateral femoral condyle. The vastus lateralis 
muscle was carefully elevated from the intermuscular septum and 
was retracted anteriorly and medially. Fracture reduction was done 
and confirmed under C-arm. Plates were inserted in sub muscular 
plane and proper placement of plates was confirmed with C-arm and 
maintained with K-wire/drill bit. Following procedure wound was 
closed layer by layer (Fig. 1).

The patients were asked to start static quadriceps exercises soon 
after surgery followed by passive range of motion with protected 
knee brace up to 6 weeks. After 6 weeks, partial weight bearing was 
started. Patients were followed up at 1 month, 3 month, 6 months, and 
1 year. During each follow-up visit, X-rays were taken and functional 
assessment was done using knee-society score. SSPS 21.0 software 
was used for statistical analysis and p<0.05 was taken as statistically 
significant.

Inclusion criteria
The following criteria were included in the study:
1. Patients having fractures around knee (Distal femoral or proximal 

tibial fractures) and treated by locking plates.
2. Those who gave informed written consent to be part of study.
3. Age above 18 years.

Exclusion criteria
The following criteria were excluded from the study:
1. Patients who refused consent.
2.	 Patients	with	Type	3	open	fracture	and	significant	bone	loss.
3. Uncontrolled diabetes, hypertension, or any other serious systemic 

illnesses.
4. Patients having serious comorbid conditions likely to affect the 

assessment of functional outcome such as patients with neoplastic 
diseases, stroke, or rheumatoid arthritis.

5. Pathological fractures.

RESULTS

Out of 40 studied cases, there were 34 male patients and six female 
patients. There was an overall male preponderance with M:F ratio being 

Table 1: General details and type of fractures in studied cases

General details and type of fractures Distal femur fracture Proximal tibia fracture

No of cases percentage No of cases percentage
Gender distribution

Male 17 42.50 17 42.50
Female 3 7.50 3 7.50
Total 20 50.0 20 50.0

Mode of injury
RTA 18 45.0 18 45.0
Fall 2 5 2 5
Total 20 50.0 20 50.0

Side of fracture
Right 15 37.50 12 30.00
Left 05 12.50 8 20.00
Total 20 50.0 20 50.0

Age in years
<50 years 14 35.00 16 40.00
>50 years 06 15.00 10 20.00
Total 20 50.0 20 50.0

Open versus closed fractures
Open 06 15.00 14 35.00
Closed 02 5.00 18 45.00
Total 8 20.0 32 80.0

Injury to surgery interval (days)
1–3 2 5.00 3 7.50
4–7 12 30.00 12 30.00
>7 6 15.00 5 12.50
Total 20 50.0 20 50.0
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Table 2: AO classification of fractures in studied cases

AO classification of fractures Total Percentage
Proximal tibia fracture

A1 0 0.00
A2 3 7.50
A3 7 17.50
B1 0 0.00
B2 0 0.00
B3 1 2.50
C1 1 2.50
C2 7 17.50
C3 1 2.50
Total 20 50

Distal femur fracture
A1 3 7.50
A2 3 7.50
A3 4 10.00
B1 0 0.00
B2 0 0.00
B3 0 0.00
C1 0 0.00
C2 4 10.00
C3 6 15.00
Total 20 50

Table 4: Range of knee flexion, knee society score, and functional score in studied cases

Range of knee flexion, knee society 
score, and functional score

Distal femur 
fracture

Distal femur 
fracture (%)

Proximal tibia 
fracture

Proximal tibia 
fracture (%)

Range of knee flexion in degree
<30 1 2.50 1 2.50
31–60 1 2.50 1 2.50
61–90 10 25.00 2 5.00
91–120 5 12.50 8 20.00
>120 3 7.50 8 20.00
Total 20 50 20 50

Knee society score
80–100 13 32.50 17 42.50
70–79 4 10.00 1 2.50
60–69 3 7.50 2 5.00
<60 0 0.00 0 0.00
Total 20 50 20 50

Functional score
80–100 10 25.00 15 37.50
70–79 6 15.00 3 7.50
60–69 3 7.50 1 2.50
<60 1 2.50 1 2.50
Total 20 50 20 50

Table 3: Mean time required for union of fractures

Period in weeks Distal femur fracture Distal femur fracture (%) Proximal tibia fracture Proximal tibia fracture (%)
12 8 20.00 9 22.50
12–20 9 22.50 10 25.00
20–28 1 2.50 0 0.00
>28 2 5.00 1 2.50
Total 20 100 20 100

Table 5: Shortening of femur and tibia in studied cases

Shortening in cm Distal femur fracture Distal femur Fracture (%) Proximal tibia fracture Proximal tibia Fracture (%)
0 13 32.50 17 42.50
<0.5 3 7.50 2 5.00
0.6–1.0 2 5.00 1 2.50
1.1–1.5 2 5.00 0 0.00
Total 20 50 20 50

1:0.11. RTAs were responsible for 90% of fractures of distal femur and 
proximal tibia. In our study, the right side was involved more than left 

side, contributing to 27 (67.50%) cases. Two patients had distal femur 
fracture and proximal tibia fracture was seen in two cases with a history 
of fall on floor. All of them were more than 50 years of age. Out of 40 
studied cases, predominant fractures were close fractures which were 
seen in 32 (80%) cases whereas in 8 (20%) patients, the fractures 
were open fractures. In our study, most of the patients were operated 
between 4 and 7 days after injury (60%) (Table 1).

The fractures were classified on the basis of AO classification. Among 
proximal tibial fractures, the most common type of fractures was 
A3 (17.50%) and C2 (17.50%) whereas among distal femur fractures, 
the most common type of fracture was C3 (15%) type of fracture 
(Table 2).

Patients were followed up till 1 year. During follow-up visits, X-rays 
were done to assess the status of union. Out of 40 fractures operated, 37 
fractures were united within 20 weeks of surgery. Mean time of union 
was 17 weeks for distal femur fractures and 15.4 weeks for proximal 
tibia fractures (Table 3).

Average range of knee flexion was 88.5° in patients with distal femur 
fracture and 106.5° in patients with proximal tibia fracture. Average 
knee society score was 82.35 points in patients with distal femur 
fracture and 88.55 points in patients with proximal tibia fracture. 
Average function score was 80.25 points in patients with distal 
femur fracture and 87 points in patients with proximal tibia fracture 
(Table 4).
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Table 6: Associated fractures in patients with proximal tibia 
fractures

Associated fracture Procedure Number Percentage
Femur middle 1/3 
shaft fracture

Interlocking nail 2 5.00

Colle’s fracture Colle’s cast 1 2.50
Distal femur fracture Open reduction 

internal fixation 
with locking plate

2 5.00

Total 5 12.50

Table 7: Procedures done in cases with proximal tibial fractures

Procedure done Number Percentage
Initial debridement 2 5.00
Secondary bone grafting 1 2.50
Plate removal 1 2.50
Total 4 10.00

Table 8: Procedure done for associated injuries with distal 
femur fracture

Associated fracture Procedure Number Percentage
Tibia middle 1/3 
shaft fracture

Interlocking nail 2 5.00

Colle’s fracture Colle’s cast 1 2.50
Proximal tibia 
fracture

Open reduction 
internal fixation 
with locking plate

2 5.00

Proximal tibia 
fracture (B1)

Cannulated 
cancellous screw 
fixation

1 2.50

Total 6 15.00

Table 9: Additional procedure done for distal femur fracture

Procedure done Total number Percentage
Initial debridement 6 15.00
Secondary bone grafting 2 5.00
Plate removal 1 2.50
Debridement for deep 
infection

2 5.00

Total 11 27.50

Table 10: Comparison of intra-articular versus extra-articular fractures of distal femoral and proximal tibia fractures operated with 
locking plate

Particular Intra-articular fracture Extra-articular fracture Unpaired t-test p-value
Distal femoral fractures

Range of flexion 77±12.95 100±30.36 −2.203 0.040 (significant)
Knee society score 75.4±9.29 89.3±12.02 −2.89 0.009 (significant)
Functional score 71.5±9.14 89±15.05 −3.14 0.005 (significant)

Proximal tibial fractures
Range of flexion 103.5±21.73 109.5±30.68 −0.5046 0.61 (not significant)
Knee society score 85.8±11.25 91.3±11.43 −1.08 0.29 (not significant)
Functional score 83.0±12.95 91.0±11.73 −1.44 0.16 (not significant)

The analysis of the patients on the basis of shortening of femur showed 
that in 13 (32.50%) patients with distal femur fractures, there was 
no shortening whereas in 17 (42.50%) patients with proximal tibial 
fractures, there was no shortening. Among patients with distal femur 
fracture, 3 (7.50%) patients showed shortening of <0.5 cm whereas 
shortening of 0.6–1.5 cm was seen in 4 (10%) patients. Similarly, 
among patients with proximal tibial fractures, 2 (5%) patients showed 

shortening <0.5 cm and one patient showed shortening of 0.6–1 cm 
(Table 5).

The analysis of the patients with proximal tibia fractures for associated 
fractures showed that 2 (5%) patients also had femur middle 1/3rd shaft 
fracture. Two (5%) patients had distal femoral fractures whereas 
one patient was having Colle’s fractures. For femur shaft fracture, 
interlocking nailing was done whereas open reduction and internal 
fixation with locking plating was done in distal femur fracture. Colle’s 
fracture was treated by Colle’s cast (Table 6).

Initial debridement was required in 2 (5%) patients. One (2.5%) 
patient with proximal tibia fracture required secondary bone grafting. 
Plate was removed in 1 (2.5%) patient with late deep infection after 
bony union (Table 7).

The analysis of the patients with distal femur fractures for associated 
fractures showed that 2 (5%) patients also had tibia middle 1/3rd shaft 
fracture. Three (7.5%) patients had proximal tibia fractures whereas 
one patient was having Colle’s fractures. For tibia shaft fracture, 
interlocking nailing was done whereas open reduction and internal 
fixation with locking plating was done in 2 (5%) patients with proximal 
tibia fracture. Cannulated cancellous screw fixation was done in 
1 (2.5%) patient with proximal tibia fracture (Table 8).

Initial debridement was required in 6 (15 %) patients. Two (5%) patient 
required secondary bone grafting. Plate was removed in 1 (2.5%) 
patient and debridement for deep infection was done in 2 (5%) patients 
(Table 9).

There were significant differences in the range of flexion, knee society 
score, and functional score of intra-articular fractures of distal femur 
versus extra-articular fracture of distal femur treated with locking 
plate. Results were more favorable in extra-articular fracture as 
compared to intra-articular fracture of distal femur treated with 
locking plate. There were no statistically significant differences 
in the range of flexion, knee society score, and functional score of 
partial articular and intra-articular fractures of proximal tibia versus 
extra-articular fracture of proximal tibia treated with locking plate 
(Table 10).

There were three cases with non-union, all of them united after 
secondary bone grafting. Superficial infection was seen in total of two 
patients. Three patients had deep infection. Four patients had plate 
irritation. Superficial infection was seen in patient with proximal tibia 
fracture AO type C3 with known case of diabetes mellitus. The wound 
healed eventually with continued dressing and antibiotics. Non-union 
and bent plate was seen in patient with distal femur fracture AO type C2 
(Fig. 2).

DISCUSSION

In our study, most of the patients of proximal tibia fracture and distal 
femur fracture were of young age group. The mean age for the patients 
with distal femur fractures was 42.25 years, and for the proximal 
tibia fractures, it was 40.55 years. Krupp et al. conducted a study of 
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58 consecutive bicondylar tibial plateau fractures at a Level I trauma 
center [8]. All bicondylar tibial plateau fractures were classified as 
Schatzker V/VI or AO/OTA type 41C. Twenty-eight patients in one 
group were treated using a locked plating system, and 30 patients in 
another group were treated with a hybrid or circular external fixation 
frame. The 2 groups were similar demographically. The Schatzker VI 
subgroup accounted for 25 of the 27 complications (93%) in the locked 
plating group and 40 of the 48 complications (83%) in the external 
fixation group. The mean age of the patients in this study was found 
to be 47 years which was similar to mean age in our study. Similar 
mean age of the patients was also reported by the authors such as 
Nayak et al. [9] and Gosling et al. [10].

We have classified proximal tibia fractures according to AO 
classification. Most common fracture were A3 type and C2 type both 
were 7 in numbers each, contributing to total of 70% of all proximal 
tibia fractures. A2 type were 3 (15%) in numbers, followed by B3, 
C1, C3 each one in number. One proximal tibia fracture AO type B1, 
associated with distal femur fracture, was treated with cannulated 
cancellous screw, not included in our study. Our results are comparable 
with Ha et al. [11]. In study by Christian Boldin et al. [12], 10 fractures 
were extra-articular and 16 were intra-articular. Similarly, we have 
used AO classification for distal femur fractures. Both intra and extra-
articular fractures were equal in number. Most common type was C3; 
six in number contribute to 30% of cases, followed by C2 and A3 20% 
each and A1 and A2 15% each. Our incidence is similar to study by 

Sie et al. [13] and Yeap and Deepak et al. [14]. In the study by Weight 
and Collinge out of 26 distal femur fractures, all were comminuted; 
according to the AO/OTA fracture classification, there were four A2, 
three A3, 12 C2, and three C3 fractures [15].

In our study, most of the patients of extra-articular fractures of 
distal femur had good range of movements. There was no significant 
difference in range of movements of intra-articular or extra-articular 
fractures of proximal tibia. Gross restriction of movements, <50°, 
occurred in two patients with ipsilateral fracture of distal femur and 
proximal tibia, both were treated with locking plate. The mean range 
of knee flexion in distal femur fractures was less (88.5°) as compared 
to proximal tibia fractures which was 106.5°. In a similar study, Neer 
et al. concluded that with the exception of the linear, non-displaced 
fractures, and supracondylar fractures always resulted in some 
impairment of the terminal ranges of flexion. The recovery of motion 
was more complete in Group Il-B than in Group Il-A while in Group III 
recovery was still more imperfect. This loss of motion was thought to 
reflect the extent of damage to the quadriceps accompanying each type 
of injury [16].

Out of 20 distal femur fractures, 13 fractures showed radiological 
union at 12–14 weeks. Two distal femur fractures went into non-
union, additional procedure of secondary bone grafting was done in 
one patient at 28 weeks, and in one patient, bent plate was removed 
and fixation with long locking plate with secondary bone grafting 
done at 28 weeks which eventually united radiologically at 34 weeks. 
Most of the fractures united at 12–14 weeks (65%), 4 united at 
20 weeks, and one united at 26 weeks. In our study, 70% of fractures 
of proximal tibia fractures united at 12–14 weeks, followed by 25% 
at 18–20 weeks, one went into aseptic non-union which was further 
treated by secondary bone grafting and united at 34 weeks. In a study 
by Kanabar et al., mean time of union for distal femur fractures was 
17 weeks, similar to our result [17]. Fourteen patients attained bone 
union in a mean period of 17 (range, 10–36) weeks. Delayed union 
was observed radiographically in a 73-year-old man, though he was 
clinically asymptomatic and mobile. The fracture eventually united 
at 9-month follow-up. Two patients had non-union due to implant 
loosening and underwent re-less invasive stabilization system (LISS) 
plating and bone grafting with satisfactory final outcomes. In a study 
by Boldin et al., out of 26 proximal tibia fractures, 25 got united without 
additional procedure [12]. One fracture got united after secondary 
bone grafting. Average period of radiological union was 11 weeks and 
ranged from 8 to 25 weeks.

In our study, final outcome at the end of 1 year was derived using knee 
society score and functional score. Grading was done as excellent, good, 
fair, and poor according to knee society score. Thirteen patients of 
distal femur fracture had excellent knee society score (KSS), 4 – good 
and 3 – fair. Out of 20 proximal tibia fractures, 17 patients had excellent 

Fig. 1: Pre-operative X-ray showing extra-articular right side 
distal femur fracture AO type A2 (Upper left and right) and post-

operative X-rays showing surgical treatment by plates  
(Lower left and right)

Fig. 2: Complication in distal femoral and proximal tibial fractures
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knee society score, one patient had good society score, and two had fair. 
Our results are comparable with study by Haidukewych et al. [18] and 
Nikolaou et al. [19].

CONCLUSION

Proper implementation of bio-mechanics of locking plate gives excellent 
functional outcome of fractures around knee surgically treated with 
locking plate and locking plate allows good angular stability in distal 
femur fractures and proximal tibia fractures.
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