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Lower limb deformity due to failed trauma treatment corrected with the Ilizarov technique. Factors affecting the complication rate in 52 patients

HJ Oostenbroek 1,2, R Brand 3, and PM van Roermund 1
Correspondence HJO: H.J.Oostenbroek@lumc.nl
Procedure
Patient
Sex
Age
Cause
Tibia
Femur
Interval Rx
Deformity
Concom
Pre-Rx
LLD
Defect
Percent
Angular/Rotation
Dahl







 
(months)

Factors
(n)
(cm)
(cm)
(%)
deformity (°)


1
1
male
17
traffic
L

5
infected defect pseudarthrosis

2

13
24


4

2
2
male
34
traffic
R

65
LLD/malunion

2
5

12
25 varus

2

3
3
female
22
home
L

42
LLD

2
4

9


2

4
4
female
39
traffic
R

81
LLD

>5
4.5

13


2

5
5
male
28
traffic
R

176
LLD/malunion

2
4

8
40 varus/recurvatum
2

6
6
female
32
traffic
L

141
LLD/malunion

1
3.5

10
40 varus/recurvatum
2

7
7
male
16
traffic

R
74
LLD

1
4

8


1

8
8
male
22
traffic

L
11
defect pseudarthrosis
4
2

15
29


5

9
9
male
24
planecrash
R

2
infected defect pseudarthrosis

2

9
22


4

10
10
female
22
traffic

L
31
LLD/malunion
4
>5
5

10
30 internal rotation
3

11
11
male
23
traffic

L
10
infected defect pseudarthrosis

1

12
25


4

12
12
female
21
traffic

L
42
LLD/malunion
6, 8
>5
8

21
20 varus

5

13
1
male
21
traffic

L
43
LLD/malunion


4.5

11
30 varus/recurvatum
3

14
13
male
18
home
R

38
LLD

1
5

10


1

15
14
male
29
job
L
L
12
LLD/malunion

1
5

12
35 varus

3

16
15
male
27
job

R
18
LLD/malunion

1
5

13
40 varus/recurvatum
2

17
16
female
63
traffic
R

56
pseudarthrosis

2



15 valgus

2

18
17
female
30
traffic
R

14
defect pseudarthrosis

>5

8
20


3

19
18
male
17
war

L
24
infected defect pseudarthrosis
7
2

9
19


4

20
19
male
43
traffic
L

1
defect pseudarthrosis



3
7


2

21
20
male
34
traffic
R

325
malunion

>5
3

7
15 valgus

2

22
21
female
21
traffic
R

52
LLD

1
3

7


1

23
22
male
21
traffic
R

44
infected defect pseudarthrosis

>5

8
21


4

24
23
female
82
home
L

25
infected pseudarthrosis
13
1
2

5


2

25
24
male
18
sport
R

46
LLD/malunion


2

5
30 varus/recurvatum
1

26
25
male
24
traffic
L

83
infected malunion

2



15 varus

3

27
26
female
44
sport
R

8
infected pseudarthrosis

1
2

5
20 varus

3

28
27
male
37
traffic
L
L
108
LLD/malunion
6
3
1.5

4
30 valgus

4

29
28
male
40
traffic
L

17
infected defect pseudarthrosis
9
>5

6
14


4

30
29
female
50
traffic
R

1
infected defect pseudarthrosis
12
1

5
13


2

31
30
male
17
traffic

L
38
LLD/malunion

1
2

4
20 valgus

2

32
31
male
36
war

R
180
infected defect pseudarthrosis
11
2

13
27


4

33
32
female
40
traffic
L

13
infected pseudarthrosis

3



10 varus

4

34
33
female
44
traffic
R

75
LLD/malunion
4, 6
1
3

8
45 varus/recurvatum
3

35
34
male
47
traffic
L

324
malunion

1
2

5
15 varus

1

36
35
male
17
traffic
L

4
infected defect pseudarthrosis

4

9
22


3

37
36
male
17
home

L
41
malunion


4

8
25 valgus/recurvatum
2

38
37
female
27
traffic
L

6
infected pseudarthrosis
2
>5





3

39
38
male
40
job
R

189
malunion tibia & pseudarthrosis ankle

2
2

5
30 valgus

4

40
39
female
51
sport

R
21
infected defect pseudarthrosis
9
>5

6
13


3

41
40
male
27
war
R

28
LLD/malunion

2
2

5
20 valgus

2

42
41
female
36
traffic

R
198
LLD/malunion
6, 12
3
2.5

5
10 varus

3

43
42
female
21
traffic
R

13
infected pseudarthrosis
3, 5
1





4

44
42
female
21
traffic
L

13
pseudarthrosis
3, 5
2





4

45
43
male
25
traffic
R

8
defect pseudarthrosis

1

10
24


3

46
44
male
37
war
L

96
infected defect pseudarthrosis

3

4
10
15 varus

3

47
45
male
32
traffic
L

50
malunion
3
4



30 valgus

3

48
46
female
29
traffic
L

57
malunion

1



15 varus

1

49
47
male
17
traffic

L
1
infected defect pseudarthrosis

2

12
23


4

50
48
male
17
traffic
L

4
infected pseudarthrosis

1





2

51
49
female
60
traffic
L

14
infected defect pseudarthrosis
1, 2
2

3
8


4

52
50
male
23
traffic

R
2
defect pseudarthrosis

1

2
4


2

53
51
male
48
traffic
R

36
pseudarthrosis
9, 10




30 valgus

2

54
52
male
17
traffic
R

60
LLD

2
4.5

13
23 recurvatum
2

Interval Rx: interval between trauma and correction of the deformity with the Ilizarov device.

Concom Factors: concomitant factors influencing the severity of the deformity according to Dahl (1994);  1, intraarticular fracture;  2,  compartment syndrome;  3,  skin contracture caused by burns;  4,  knee flexion contracture (degrees), and/or joint stiffness; 5, equinus deformity (degrees), and/or joint stiffness; 6 ligamentous knee instability; 7 ischiadical nerve lesion; 8 failed lengthening; 9, alcohol abuse; 10, liver cirrhosis; 11, AIDS; 12, soft tissue defect; 13, severe osteoporosis.



Pre-Rx: number of operations for correction of the deformity before initiation of the Ilizarov treatment.

LLD: limb length discrepancy in cm; amount of bone loss with united fracture.

Defect: amount of bone loss in cm due to the trauma; no union or contact between the bone ends.

Percentage: proportionate amount of loss of the affected bone in per cent compared to the length of the uninjured bone.

Dahl: grading of the deformity according to the classification of Dahl et al. (1994).

Table 1. Preoperative patient data
Procedure
Patient
Tibia
Femur
Post angulation
rLLD
 OR in frame
OR after Ilizarov
Obstacles & complications





(°)
in cm


obstacles
real compl.
1
1

L

4.5
2, 4
4
7
6, 9

2
2
R




13

8, 10

3
3

L


4
11
7, 10


4
4
R








5
5

R
50 varus/procurvatum


6, 11
10
3, 11

6
6
L








7
7

R



14

10

8
8

L



14

8

9
9
R



1, 6, 7

7, 8, 10


10
10

L


8
14
7
9, 9

11
11

L



9

11

12
12

L

2
6
11, 15
8
10

13
1

L

1

11
8
10

14
13
R


1




15
14
L
L



11

10

16
15

R







17
16
R








18
17
R



4
5, 13
7
7, 11

19
18

L







20
19
L


3
3, 6

8, 8, 10
3

21
20
R



4




22
21
R








23
22
R

15 recurvatum
1


3, 8


24
23
L








25
24
R


2




26
25
L


1

1, 3

8, 10

27
26
R


2
9




28
27
L
L


4
8, 11, 12



29
28
L



10
2

9

30
29
R


6

16

9

31
30

L







32
31

R

13
4


7

33
32
L








34
33
R


2





35
34
L





8


36
35
L





3
10

37
36

L

1





38
37
L



4
5

7

39
38
R


1.5





40
39

R

7
6

7
11

41
40
R

10 valgus

10


3

42
41

R



11, 14, 15

10

43
42
R




1, 1

8

44
42
L




11
3
10

45
43
R



4
6
10
3

46
44
L


2





47
45
L



6
1, 1
7, 8
8

48
46
R



5, 6

8


49
47

L


2, 4, 6
4, 5, 7
6, 8
7

50
48
L








51
49
L



4
10
8
7, 8

52
50

R

2





53
51
R








54
52
R








Post angulation: bone angulation after lengthening procedure in degrees.
rLLD: residual limb length discrepancy in cm after the corrective procedure.


OR in frame: operations while the Ilizarov frame was worn; 1, fibula osteotomy; 2, recorticotomy; 3, fasciotomy; 4, autologous bone graft; 5, debridement pin tract;  6, adjustment frame; 7, contractures release/lengthening tendon; 8, patella distraction with Ilizarov; 9, debridement of the deformity site; 10, free muscle flap.

OR after Ilizarov: operations after the Ilizarov frame was removed; 1, debridement; 2, open reduction/internal fixation for refracture or delayed consolidation; 3, intramedullary nail after refracture; 4, external fixation after refracture; 5, autologous bone graft; 6, correction osteotomy; 7, vascularized free fibular graft; 8,  total knee arthroplasty (TKA);  9, above-knee amputation; 10, below-knee amputation; 11, closed arthrolysis knee; 12, treatment infected TKA; 13, release toe flexors and Achilles tendon lengthening; 14, VY-lengthening quadriceps tendon; 15, anterior cruciate ligament reconstruction; 16, re-Ilizarov fixation.

Obstacles & complications: Paley obstacles and complications (Paley 1990); 1, muscle contracture; 2, joint luxation; 3, axial deviation (minor < 5°, major > 5°), length inequality > 2 cm; 4, neurological injury (peroneal nerve); 5, vascular injury (or compartment syndrome); 6, premature consolidation, failure to reach equality; 7, delayed consolidation, 8 pin-site problems, infections; 9, fracture; 10, joint stiffness; 11, alcohol/drug addiction, psychosocial dysfunction.
Table 2. Results

	
	Estimate
	SE
	p-value
	95% CI

	 
	 
	 
	 
	Lower Bound
	Upper Bound

	Threshold
	[no. of complications = 0]
	0.712
	0.474
	
	-0.218
	1.641

	 
	[no. of  complications = 1]
	1.648
	0.518
	
	0.632
	2.663

	 
	[no. of  complications = 2]
	3.099
	0.650
	
	1.825
	4.374

	Location
	Relative bone loss
	0.091
	0.036
	.011
	0.021
	0.161


Table 3.  Population estimates of the relation between relative loss of the affected bone and the number of complications, based on a univariate model. This shows the standard errors of the estimates that play a role in generating the accompanying graph (see figure).
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