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Abstract

Objective: To summarize the clinical and functional outcomes of infected non-union cases who have
been treated with LRS.

Methods: Between January 2015 and September 2016, we treated 20 cases of infected nonunion of long
bone with the LRS. 17 were males and 3 females.8 cases presented with infected implants while 7 cases
were on external fixators. Initially we managed with implant removal and radical debridement followed
by fixation with the LRS. Corticotomy and lengthening was done in 7 cases. The average duration for
removal of LRS was 6.5 months. Distraction at the corticotomy site was done at the rate of 1 mm/day till
lengthening was achieved and in those subjects where no corticotomy was done, acute docking and
compression was given.

Results: Union occurred in 95% cases and eradication of infection in 90% cases. For 13 patients bone
results were excellent, 5 patients good, 1 patient had fair result and 1 had poor result. Regarding
functional results 8 had excellent score, 11 had good score and 1 had failure as the limb was amputated
based on ASAMI scoring system.

Conclusion: LRS is an excellent alternative to llizarov fixation in the management of infected nonunion
of long bones. It can be used to achieve union as well as to correct shortening in these cases. It is less
cumbersome to the patient and more surgeon and patient friendly.
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Introduction

Injuries and fractures have become so common in the present day, main reason being
population explosion, with increase in road traffic accidents, traffic congestion and
urbanization, mechanization and agriculturization. Long bones femur, tibia and humerus being
the most commonly fractured [, their fracture management contributes significantly to the
cost of orthopedic care being provided worldwide.

Treatment options for long bone fractures vary according to the type of fracture, age group,
bone density, soft tissue status and associated complications. Conservative methods used are
casting or bracing for stable closed fractures. Operative techniques used are fixation with
plates and screws, intramedullary nailing and external fixation.

The most important complication following an open fracture is delayed union/nonunion. They
contribute to about 10-20% of fracture treatment complication.

Today open fractures with infection are perhaps the most common causes of nonunion.
3Infected non-union is associated with multiple problems like osteomyelitis, bone and soft
tissue distortion and loss, sinuses, osteopenia, joint stiffness and multidrug-resistant and at
times multibacterial infection. Various modalities of treatment for infected nonunion of long
bones described are extensive debridement, microvascular soft tissue flaps, external fixation
with bone graft, llizarov ring fixator, bone transport through external fixator over nail and limb
reconstruction system (LRS) [ Antibiotic-impregnated cement for control of infection is a
common technique before union at the fracture site achieved.

In external fixation, fracture fragments can be realigned, compressed or distracted, without the
need of opening fracture site. External fixators have the unique capability to stabilize bone and
soft tissues at a distance from the operative or injury focus. If correctly applied, they provide
unobstructed access to the relevant skeletal and soft tissue structures for their initial
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assessment and also for those secondary interventions needed
to restore bony continuity and a functional soft tissue sleeve.
Patient can be mobilized almost immediately with more rigid
external fixator.

llizarov ring fixator and LRS are the implants that can serve
the above purpose ™ O llizarov ring fixator and limb
reconstruction system are common modalities and are single
staged procedure. Correction of deformity and limb length
discrepancy is possible with these along with excellent control
of infection and facilitates bone union. Weight bearing can
also be initiated during treatment. Compared to LRS, llizarov
fixator is cumbersome to the patient, painful and relative
difficult to mount.

Limb reconstruction system (LRS) is less bulky with better
compliance, easy to apply and remove with advantage of
being dynamic which is the most important principle in
treatment of non-union & 7 It has the advantage of allowing
distraction of osteotomy siteas well as compression at fracture
site. It also allows dynamization of the fracture site, which is
the essential principle in the treatment of nonunion 1. This
system is very effective, and offers rigid stabilization of
fracture fragments and with an access to soft tissue care.
Though, initially these fixators were expensive, on a long run
they have become cheap, as these can be repeatedly used
without any compromise. In our study we assess the union
rates, infection control, lengthening and the complications
associated with the LRS in the treatment of infected
nonunion.

Objective

To assess the clinical and functional outcomes of infected
non-union cases who have been treated with LRS

Regarding distraction histogenesis by Ilizarov technique,two
types of fixators are in use: e llizarov ring fixator ¢ Monorail
fixator The greatest differences between the two types of
fixators were the number of pin-track infections, problems of
angulation and length of time for which patient cannot bear

weight after application of fixator. Pin track infections are less
with monorail fixator and angulation problems are more with
it. Earlier it was considered that monorail fixator is a
comparatively unstable construct and it does not allow early
weight bearing. Early weight bearing with monorail fixator
can cause problem of angulations, and refracture at the site of
regenerate or docking site.

The major advantages of the Ilizarov method are that rotation
and angulation can be corrected simultaneously, but knee
motion loss is more with ilizarov and it is difficult to regain
when compared with monolateral fixator. So a uniaxial
deformity with subcutaneous bone like tibia monorail fixator
is a good option.

Patient with Monorail fixator show better compliance as
compared to llizarov fixator. The patient can wear clothes
over the Monorail fixator (especially traditional Indian
dresses) in a better way than Ilizarov system. The Monorail
fixator technique is easier to learn than lIlizarov system.
Furthermore no further major surgical procedures are needed
after application of monorail fixator, though adjustments in
alignment may be needed. Monorail fixator is low in cost as
compared to ring fixator

Materials and Methods

A prospective study of the Clinical Outcome of Limb
Reconstruction System (LRS) in infected long bone shaft
nonunions was conducted at the Department of Orthopaedics,
Government Medical College, Thiruvananthapuram. All
patients with infected nonunion of long bones admitted in the
study setting during the study period (Jan 2015 to Sep 2016)
were included in the study. Sample size was calculated as 20.
Data were collected using a semi-structured questionnaire and
clinical examination on serial follow up sessions in outpatient
clinics. The final assessment part of the questionnaire was
based on ASAMI Scoring System for assessing the outcome
of fracture union.

Table 1: llizarov Bone Score

Bone Results

Description

Excellent

Union, no infection, deformity < 7, limb length discrepancy < 2.5 cm

Good

Union + any two of the following: absence of infection, < 7 deformity and limb length inequality of < 2.5 cm

Fair Union + only one of the following: absence of infection, deformity < 7 and limb length inequality < 2.5 cm

Poor

Non union/refracture/union + infection + deformity > 7 + limb length inequality > 2.5cm

Table 2: llizarov Functional Score Follow Up

Functional Description
Active, no limp, minimum stiffness (loss of < 15 knee extension/ < 15 dorsiflexion of ankle), no reflex sympathetic dystrophy
Excellent S .
(RSD), insignificant pain

Good Active, with one or two of the following: limp, stiffness, RSD 2, significant pain

Fair Active, with 3 or all of the following: limp, stiffness, RSD 2, significant pain

Poor Inactive (unemployment or inability to perform daily activities because of injury)
Failures Amputation

Patients will be followed up at regular intervals of 4 weeks, 8
weeks, 4 months, 6 months and 1 year postoperatively.

Ethical approval was obtained from the institutional ethics
committee prior to the study

Operative Technique -LRS Application In Infected
Nonunion

Before the application of LRS external fixator, we should do
thorough debridement of infected fracture site if there is
sequestrum. We also have to know in which plane it has to be
applied and why. The principle of applying instrumentation or

implants is to apply at tensile force side. Whereas this
instrumentation has to be applied only at compressive force
side, that is medially or anteromedially because to nullify the
compressive force of the muscles which are present at
posterolaterally which is the side of tensile force.

Analysis and Observation

Majority of the cases were in the age group of 25-50 years
(60.0%). 85% of the study subjects were males.

Most common primary treatment done was External Fixation
(35%).
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Tibia was the commonest long bone presented with nonunion.
77.8% of the cases had closed injury pattern. 53.3% of cases
were Gustilo-Anderson type 3.

45% of the study subjects were diabetic. Only 30% of the
study subjects were hypertensive in 60% of the cases,
vancobead was inserted at the time of surgery. In 35% of the
cases, corticotomy was done at the time of surgery. In only
30% of the cases, bone graft was done at the time of surgery.
In 35% of the cases, pin tract infection was present. In 40%
patients, there was loosening of at least one pin. In 30% of
subjects, mild to moderate joint stiffness was seen. Out of 20
subjects 1 subject had persisting infection after treatment. 80
percentage of subjects had no limping. Out of 20 patients 4
developed Reflex Sympathetic Dystrophy.

In 95% subjects, the treated limb was functionally active

Out of 19 patients 73.7% patients had shortening less than 2.5
cm (1 patient was amputated). Out of 19 subjects 3 subjects
had deformity more than 7 degrees after treatment.

Complications

40 +
35
30 A
25 4
20 +
15 +
10 +

Percentage

0 1 T T T
Pintract Pinloosening Infection Deformity >7 Shortening

Infection >2.5

Fig 1: Complications

Most common complication seen during treatment was pin
tract infection.

Table 3: llizarov Bone Score

llizarov Bone Score Frequency Percent
Excellent 13 65.0
Good 5 25.0
Fair 1 5.0
Poor 1 5.0
Total 20 100.0

In 65% subjects the results were excellent and 25% subjects the

results were good.

Table 4: llizarov Functional Score

Functional Ilizarov Score Frequency Percent
Excellent 8 40.0
Good 11 55.0
Failure 1 5.0
Total 20 100.0

In 40% subjects the functional results were excellent and 55%

subjects the results were good.

*48 yr old male patient presented with infected ILN tibia and
nonunion 7 month post op treated by debridement and acute

docking

Fig 4: 4 Months Follow-up Xray
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Fig 6: Functional results

**46 year old female case of fracture humerus, treated by
open reduction and internal fixation presented with infected
non-union. Implant removal, debridement and LRS applied.

Fig 7: Initial Injury Fig 10: 2 months follow up
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Regarding functional outcome 8 had excellent score, 11 good
score and 1 had failure as the limb was amputated.
Comparisons of present study with other studies in the

>

literature are given in table below.

Table 5: Bone Results Outcome Comparison with Other Studies
\ (in%)
Bone Present Hashmi | Hiranyaet | Patilseet al.
results Study etal. ! al. 1% [32]
: Excellent 65.0 61 79 41
‘ Good 25.0 35 11 34
- Fair 5.0 - - 10
Poor 5.0 4 10 15

Table 6: Functional Results Outcome Comparison with Other
Studies (in%)

Functional Present Hashmi | Hiranyaet | Patilset
results Study etal. [ al. (19 al. [*2
Excellent 40 42 40 39
Fig 11: 4 months followup ?:Z?rd 55 530 50 359
Poor - - - 5
Failure 5 5 10 12

Fig 12: 6 months followup

Discussion

Non-union is a difficult clinical problem often arising from
severe injury to the limb. It may have a devastating effect on
patient’s social and financial state. These patients are usually
operated upon several times either to gain stabilisation and
healing or to eradicate infection, which in turn produces
scarring of the soft tissues and devitalisation of any surviving
bone. Traditionally, Ilizarov distraction osteogenesis is
commonly used for managing complex non-union of long
bone fractures associated with large defect and infection 4,
But Ilizarov technique has been tempered by its complexity
and technical difficulty, the commitment of time and
resources required for good result and the potential for
numerous complications B2 LRS is uniplanar dynamic
external fixator that is light weight, has short learning curve
and is based on same basic principle of Ilizarov Pl It provides
stable external fixation with ability to do limb lengthening by
bone transport. Major drawback is difficulty to correct three-
dimensional deformities unlike Ilizarov fixator.

Our study outcome was assessed with ASAMI scoring
system. For 13 patients bone results were excellent, 5 patients
good, 1 patient had fair result and 1 patient had poor result.

Summary and Conclusions

With the increase in high velocity injuries and open fractures,
infection is becoming one of the common cause of nonunion.
External fixators are the choice of treatment when the
nonunion is associated with soft tissue loss and bone loss
along with infection at the nonunion site. LRS is a type of
advanced monoplanar external fixator with many benefits.
Soft tissue procedures like skin grafting, myocutaneous,
muscle pedicle flap repair can be easily accompanied with
external fixator in position.

Resection of devitalized bone, simultaneous compression of
the fracture gap or site and secondary limb lengthening by
proximal corticotomy and compression and distraction
techniques can be accompanied with the LRS external fixator
to achieve union and eradication of infection. Complications
are minimal, with good range of movements at knee and
ankle.

20 cases of infected nonunion of long bones were managed
with LRS (Limb Reconstruction System) external fixator.
Most of the fractures were treated initially by external
fixation. Static quadriceps exercise was begun during
immediate postoperative period. Knee and ankle motion was
allowed immediately from the first postoperative day.

To conclude, though this study was a prospective study,
randomized control design was not used. It included only 20
patients with follow up of one year. We are of the opinion that
in infected nonunion with bone loss and in cases with
extensive soft tissue damage, limb reconstruction system is a
good choice to save the limb, achieve union and restore limb
length. Patient can be allowed early weight bearing without
any adverse effect on bone union, alignment and quality of
regenerate. It is an alternative to llizarov fixation in
management of complex nonunion of long bones.

References

1. Whittle PA, Wood Il GW. Fractures of lower extremity.
10th ed. In: Cambbell’s Operative orthopedics, Canale
TS, ed. Philadelphia: Mosby Publications, 2003, 2761-7.

2. Chaddha M, Gulati D, Singh AP, Singh AP, Maini L.
Management of massive posttraumatic bone defects in
the lower limb with the Ilizarov technique. Acta Orthop

~1022~



International Journal of Orthopaedics Sciences

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Belg. 2010; 76:811-820

Kulkarni Gs. Textbook of Orthopedics and Trauma. 2nd
ed. Jaypee Brothers: Jaypee Brothers Medical Publishers
(P) Ltd, 2012.

Hashmi MA, Ali A, Saleh M. Management of non-unions
with mono-lateral external fixation Injury. 2001;
32(4):30-34.

Ashok KS, Parag KS, Salim K. Use of antibiotic cement-
impregnated intramedullary nail in treatment of infected
non-union of long bones. Indian J Orthop. 2009;
43(4):396-402.

Vidal J, Connes H, Buscayret C. Treatment of infected
non-unions by external fixation, 1968.

Brooker C. Edwards (Eds.), External Fixation—The
Current State of the Art, Williams & Wilkins, Baltimore,
1978.

Lakhani A, Singh D, Singh R. Outcome of rail fixator
system in reconstructing bone gap. Indian J Orthop.
2014; 48(6):612-6.

Hashmi MA, Ali A, Saleh M. Management of nonunion
with monolateral external fixation. Injury. 2001;
32:30-4. i}

Catagni MA, Guerreschi F, Holman JA, Cattaneo R.
Distraction osteogenesis in the treatment of stiff
hypertrophic nonunions using the llizarov apparatus. Clin
Orthop Relat Res. 1994; (301):159-63.

Zheng Q, Wu HB, Li H, Pan ZJ. [Tibial infected
nonunion treated by internal bone transport using the
mono-lateral external fixation]. Zhonghua Wai Ke Za
Zhi. 2006; 44(8):544-6.

Saleh M, Royston S. Management of nonunion of
fractures by distraction with correction of angulation and
shortening. J Bone Joint Surg Br. 1996; 78:105-9.

Rohilla R, Wadhwani J, Devgan A, Singh R, Khanna M.
Prospective randomised comparison of ring versus rail
fixator in infected gap nonunion of tibia treated with
distraction osteogenesis. Bone Joint J. 2016; 98-
B(10):1399-1405. Accessed November 16, 2016.

Lakhani A, Singh D, Singh R. Outcome of rail fixator
system in reconstructing bone gap. Indian J Orthop.
2014; 48:612-6

Seenappa HK, Shukla MK, Narasimhaiah M.
Management of complex long bone nonunions using limb
reconstruction system. Indian J Orthop. 2013; 47(6):602-
7.

Bassiony AA, Almoatasem AM, Abdelhady AM, Assal
MK, Fayad TA. Infected non-union of the humerus after
failure of surgical treatment: management using the
Orthofix external fixator. Ann Acad Med Singap. 2009;
38(12):1090-4.

Miller ME. Treatment of Nonunions by Compression.
Clin Orthop. 1965; 43:83.

Meyer S, Weiland AJ, Willenegger H. The Treatment of
Infected Nonunion of Fractures of Long Bones. J Bone
Joint Surg Am. 1975; 57:836.

May JW Jr, Jupiter JB, Weiland AJ, Byrd HS. Clinical
classification of posttraumatic tibial osteomyelitis: J
Bone Joint Surg Am. 1989; 71:422-8.

Kulkarni GS. Principles and practice of deformity
correction, Indian journal of orthopaedics. 2004;
38(3):191-198.

Schenk RK. Histology of Fracture Repair and Non-
Union. Bulletin of the Swiss Association for Study of
Internal Fixation, Bern, 1978.

Smith R, Nagel D. Effects of Pulsing Electromagnetic

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

~1023~

Fields on Bone Growth and Articular Cartilage. Clin
Orthop 1983; 181:277.

Heckman JD, Ryaby JP, McCabe J. Acceleration of
Tibial Fracture-Healing by Non-invasive, Low-Intensity
Pulsed Ultrasound. J Bone Joint Surg Am. 1994; 76:26.
Ryaby JT, Matthew J, Pilla AA, Duarte-Alves P. Low-
intensity Pulsed Ultrasound Modulates Adenylate
Cyclase Activity and Transforming Growth Factor Beta
Synthesis. In:  Brighton CT, Pollack SR, eds.
Electromagnetics in Medicine and Biology. San
Francisco: San Francisco Press, 1991, 95.

Tiedeman JJ, Connolly JF, Strates BS, Lippiello L.
Treatment of Nonunion by Percutaneous Injection of
Bone Marrow and Demineralized Bone Matrix: An
Experimental Study in Dogs. Clin Orthop. 1991,
268:294.

Tiedeman JJ, Huurman WW, Connolly JF, Strates BS.
Healing of a Large Nonossifying Fibroma after Grafting
With Bone Matrix and Marrow: A Case Report. Clin
Orthop. 1991; 265:302.

Rosen H. The Treatment of Nonunions and
Pseudarthroses of the Humeral Shaft. Orthop Clin North
Am. 1990; 21:725.

llizarov GA. The Principles of the Ilizarov Method. Bull
Hosp Joint Dis Orthop Inst. 1988; 48:1.

llizarov GA. The Tension-Stress Effect on the Genesis
and Growth of Tissues. I. The Influence of Stability of
Fixation and Soft-Tissue Preservation. Clin Orthop.
1989; 238:249.

llizarov GA. The Tension-Stress Effect on the Genesis
and Growth of Tissues. Il. The Influence of the Rate and
Frequency of Distraction. Clin Orthop. 1989; 239:263.
Saleh M. Nonunion surgery, Part I, Basic Principles of
management. Journal of Orthopaedic Trauma. 1992;
2:4-18.

Patil S, Montgomery R. Management of complex tibial
and femoral nonunion using the llizarov technique, and
its cost implication. J Bone Joint Surg Br. 2006;
88-B:928-32.



