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Abstract

Objective: To evaluate the clinical and functional outcomes of limb reconstruction system (LRS) in
infected non union of femur.

Background: LRS is an effective alternative in treating the failed osteosynthesis in long bone fractures,
due to infection, loosening of implant, non union, poor bone quality and bone loss associated with
deformities, limb length discrepancy, soft tissue problems, and functional issues.

Methods: We did a prospective study of 30 cases of infected non union of femur (10 plating, 19 nailing
& 1 k-wire with plaster) between April 2014 to November 2018 treated with LRS. Initially we managed
by implant removal, freshening of fracture site or radical debridement followed by LRS application. In
13 cases corticotomy & lengthening was performed. Monofocal lengthening was done in 5 cases. Bifocal
corticotomy done in 8 cases. Average duration of frame was 14 months (8-18 months).

Results: Bone united in 24 cases (80%), Number of cases underwent lengthening -14. Average
lengthening achieved-5 cm (2-11 cm). We had 86% excellent and 10 % poor bony result. Functional
result was excellent in 40%, good in 50% and failure in 10% cases according to ASAMI scoring system.
Conclusions: LRS is found to be effective in managing infected non union in long bones because of its
simplicity, short learning curve, ease of use with better patient compliance and is an alternative to
Ilizarov.
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Introduction

In recent times, there is an increased incidence of compound femoral diaphyseal fracture due
to RTA. In spite of adequate debridement and stabilization, a significant percentage of these
cases land up with infection leading to non-unions. These cases are operated upon several
times with an aim to eradicate the infection, which leads to scaring of sub adjacent soft tissue
and devitalisation of the surviving bone. These infective non-union presents with not only with
problem of indolent infection but also with associated deformity, limb length discrepancy,
adjacent joint stiffness, disuse osteoporosis and soft tissue atrophy. As a consequence these
cases will be a challenging for orthopaedic surgeons. Infected non-union of long bones can be
managed by debridement, external fixation and bone transport. -2, The Ilizarov principles are
the basis for modern successful treatment 1. However, when the principles are applied using
the llizarov fixator with its transosseous tensioned wires, there are disadvantages: local
anatomy is distorted; soft tissues are transfixed; there is a risk of neurovascular impingement;
and the circumferential fixator is poorly tolerated * ®1. The circular fixator is cumbersome and
interferes with conduct of personal hygiene, especially when rings are used in upper thigh [,
To overcome these disadvantages, some modifications were introduced, e.g. use of half pins
and femoral arches Il In contrast, a monolateral external fixator has advantages with being
located to one side of the limb, is usually easier to apply and remove and has greater patient
acceptance [, The limb reconstruction system is uniplanar and less bulky. It has the advantage
of allowing distraction and compression at fracture site 1. It also allows dynamisation of the
fracture site which is the essential principle in the treatment of nonunions. This study evaluates
the use of LRS for treating segmental defects after treatment of infected nonunions of the
femur 1201,
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Methods: This study was done for the evaluation of the
efficacy, radiological and functional outcome by using limb
reconstruction system (LRS) method in the treatment for the
management of infected non-union of femur with or without
segmental bone loss. Between April 2014 to November 2018,
we treated 30 cases of infected non-union of femur with LRS
at Dept. of Orthopaedics, Vydehi Institute of Medical
Sciences & Research Centre, Bangalore. In these 23 were
male with mean age-39 years (26-52 years) & 3 females with
mean age 26.5 years (17-36 years) and 4 pediatric cases.
Many of the cases were previously operated elsewhere.
Initially we managed with implant removal, freshening of
fracture site or radical debridement and fixed the nonunion
with the LRS in operation theatre under all aseptic condition
under guidence of an image intensifier. In 8 cases polymethyl
methacrylate antibiotic cement beads were implanted.
Commonly employed antibiotics were aminoglycosides
(gentamicin), cephalosporins and vancomycin. Once there
were no clinical signs of infection for 6-8 weeks, cement
beads were removed. Most of the cases presented with
shortening (2-12 cm). 13 cases underwent corticotomy &
lengthening. Monofocal lengthening was done in 5 cases
presenting with shortening >2 cm. Bifocal lengthening was
done in 8 cases presenting with shortening >7 cm. Acute
docking was done in 15 cases. We compressed the fracture
site at the rate of 0.25 mm/day for 1-2 weeks and distracted
corticotomy site at the rate of 1 mm/day, preferably in four
increments a day. LRS was maintained till radiological sign of
union was obtained. The limb was protected with POP cast
for 3-4 weeks in most of the cases after LRS removal. In our
study, bone grafting was not done in any of the cases. Active
and passive mobilization of adjacent joint was encouraged the
day following operation. Ambulation and partial weight
bearing was started on second or third postoperative day
depending on patient's compliance, pain, local soft tissue
condition and quality of bone. Compression at fracture site
was started as early as third postoperative day. Distraction at
corticotomy site was started on the seventh postoperative day.
Patients were discharged and asked to follow up regularly (6,
12, 20 weeks) on OPD basis. Patients were educated about pin
tract hygiene, regular dressing, cleaning of external fixator
and compression-distraction. At each follow up, problems of
pin tract infection, loosening of pins, bolts, clamps were
addressed. Check X-ray was taken at each follow up. Once
radiological union of fracture site was visualized, at the same
time the corticotomy site was assessed and double the
duration of distraction given for the consolidation on an
average for each patient before considering for the fixator
removal. LRS was removed as office procedure in minor
operation theatre under intravenous sedation. Average
duration of treatment for femur was 8-16months (mean 12
months). Average duration of frame was 14 months (8-18
months). The details of treatments and nonunion are
summarized as given in Table (2).

Results: Outcome was calculated in 30 cases for which final
follow up was available. Out of 30 cases, complete union was
attained in 84% and eradication of infection in 96.5% of
cases. Two cases failed to unite and one lost to follow up. 18
cases underwent lengthening. Average lengthening achieved
was 5 cm (range 3-11 cm). Finally there was no limb length
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discrepancy in 62% of cases, in 24% of cases it was 0.5-1 cm
and in 14% of cases it was 1.1-2 cm. There was no significant
difference in preoperative and post treatment joint movements
(P >0.05). Results were calculated and graded as excellent,
good, fair, poor and failure based on ASAMI Scoring System
given in Table (4).

Discussion: In this prospective case series done between
April 2014 to November 2018, we treated 30 cases presented
with infected non-union of femur by the application of limb
reconstruction system. The present study establishes the
efficacy of the limb reconstruction system (LRS) in the
treatment of these infected non-unions of femur. Infected non-
union often arising from compound 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 stabilize and healing or to eradicate infection, which
in turn produces scarring of the soft tissues and devitalisation
of bone. Traditionally, llizarov distraction osteogenesis is
commonly used for managing complex non-union of long
bone fractures associated with large defect and infection. But
llizarov technique has its own complexity and technical
difficulty, the commitment of time and resources required for
good result and the potential for numerous complications. On
the other hand LRS is uni planar dynamic external fixator
which is light weight, has short learning curve and is based on
same basic principle of llizarov. 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.

Kim N H et al conducted a study on 33 infected non union
femur in which they achieved 69.6% union rate. Corticotomy
was not done in any of the cases. Pin tract infections were
encountered in 8 of the cases. Pin loosening and joint stiffness
were noted in some cases. In a study conducted by Banks J V
et al in 14 cases of infected non union of femur 93% of the
cases of united. 2 — 5cm lengthening was achieved. Bifocal
corticotomy was done in most of the cases. No pin tract
problem was encountered.Hashmi et al conducted a study on
38 infected non union femur in which Monofocal corticotomy
was done in 20 cases, and Bifocal in 18. They achieved 90%
union rate, average lengthening- 4.5 cm & concluded that
Monolateral external fixation can provide stable fixation for
treatment of established nonunions.

We classified the complications according to Paley
classification as problem, obstacle or true complication.
Problem were difficulties that required no operative
intervention to resolve. Obstacles were difficulties that
required an operative intervention. All intra operative injuries
and difficulties during limb lengthening that were not
resolved before the end of treatment were considered true
complications. Pin tract infection (n = 22, 73%) was the most
common problem, pin loosening (n = 8, 26%) was the most
common obstacle and joint stiffness (n = 10, 33%) was most
common true complication. Other complications were
angulation (n = 2), premature union of corticotomy (n = 2),
equinus (n = 7), persistent discharge (n = 3) and refracture (n
= 2). Comparisons of present study with other studies in the
literature are given in TABLE (3) below. Our study outcome
was assessed with ASAMI scoring system — Table (1).
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Case 1- Pre-op: failed osteosynthesis ~ immediate postop picture after removal of Post operative clinical
of right femur with infected nonunion implant, radical debridement, placement photograph
associated with shortening of 10 cm. of antibiotic cement beads & LRS

fixation for femur.

Bifocal corticotomy

MOUSAMI HALDAL 18Y/7F 31273

Implant removed, Radical debridement Implant removed, Radical debridement
done, LRS applied done, LRS applied
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NOUSAM HALDER 15YF 370745H  LEGAP 382011
VYDEM HOSPITAY Bancy nor o 1381420

/' »Cast removed
/ »1 cm final shortening

Case 3: Pre operative - Infected non Post operative - Implant 4 months follow up
union of shaft femur with implant insitu removed, debridement done,
with 5 cm shortening corticotomy and LRS applied

6 months follow up — Fracture is 9 months follow up
uniting, 3 cm lenghtening
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12 months follow Consolidation 15 months follow up — Implant
up — Fracture united of callus removal, 7cm lengthening achieved

Case 4: Pre op — Infected non union of left femur, 3 months follow up — Infection controlled, Bone uniting.

Case 5: 6 year/ female — 3 months follow up — Infection 8 months follow up — Bone
chronic controlled uniting
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12 months follow up —
Fracture uniting

18 months follow up — Fracture
united, LRS removed

Case-6: 5 year/ female- Chronic
osteomyelitis with

Post op — Debridement and LRS
application

8 months 12 months follow
follow up up

3 months follow up —
Infection controlled

Clinical picture after slab
removal

Table 1: Results based on asami score

Score Bone results Functional results
Excellent 26 12
Good - 15
Fair - -
Poor 3 3
Failure 1 lost follow up 1 lost follow up

Table 2: Details of treatment

Mean time of union (months)

9.5 months(5-12)

Mean duration of frame (months)

13months (7-18)

Mode of treatment

Compression 7 cases
Compression-distraction 8 cases
Compression + bone transport 15 cases
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Table 3: Comparison of our study with other studies

Researcher no of ang bones Corticotomy Duration of Result Conclusions
patients | involved frame
Kim NH Uncomplicated uniqn- 1_'hey recommend its use for the
ot al 151 33 Femur - - 8-14 months 69.6%; 24.1% require primary Rx of open and Segmental
further Rx fractures,& for infected nonunion
13 cases united (93%),
Banks 14 Femur Bifocal in all 9-13 months One follow up, 2-5 cm LRS to be a safe and effective
JVetal. ™ cases lengthening; no technique to Rx femoral nonunions.
pintract problem
. . Monolateral external fixation can
Hashmi 38 Femur quofocal-ZO 12-14 months 90% unlyed, average provide stable fixation for Rx of
MA et al Bifocal-18 lengthening- 4.5 cm, . h
established non unions.
LRS is found to be effective in
Bone united -24 cases managing infected non union in
Monofocal-13 (809%) Number of cases long bones because of its simplicity
Our study 30 Femur Bi 8-18 months | underwent lengthening -14 short learning curve
ifocal-8 . . .
Average lengthening ease of use with better patient
achieved-5 cm(2-11 cm) compliance an alternative to
Ilizarov.
Table 4: ASAMI scoring system
Grading Bone results Functional results
. . . . L Active, no limp, minimum stiffness (loss of <15 degree knee
Excellent Union, no |nfect|(()jq, deformity < 7 degree; Limb length extension/ <15 degree dorsiflexion of ankle), no RSD,
iscrepancy <2.5 cm L -
insignificant pain
Good Union+ any two of the fgllowing: A_bsence _of infection; Active with one or two qf tr_le_ followi_ng Limp, stiffness, RSD,
deformity <7 degree, Limb length inequality <2.5 cm significant pain
Fair Union+ only one of the following absence of infection, Active with three or all of the following limp, stiffness, RSD,
deformity <7 degree, Limb length inequality <2.5 cm significant pain
Poor Nonunion/refracture /union+infection+de formity>7 Inactive (unemployment or inability to return to daily activities
Degree+limb length inequality >2.5cm because of injury)
Failures Amputation

Conclusion: LRS is an excellent alternative to llizarov in the
management of failed osteosynthesis with infected nonunion
and shortening. Also LRS is both surgeon and patient
friendly. It is easier to use and has a short learning curve
compare to ilizarov.

References

1.

2.

Struijs PA, Poolman RW, Bhandari M. Infected nonunion
of the long bones. J Orthop Trauma. 2007; 21:507-511.
Ueng SW, Wei FC, Shih CH. Management of femoral
diaphyseal infected nonunion with antibiotic beads local
therapy, external skeletal fixation, and staged bone
grafting. J Trauma. 1999; 46:97-103.

Saridis A, Panagiotopoulos E, Tyllianakis M et al.
Theuseof the Ilizarov method as a salvage procedure in
infected nonunion of the distal femur with bone loss. J
Bone Joint Surg Br. 2006; 88B:232-237.

Grivas TB, Magnissalis EA. The use of twin-ring Ilizarov
external fixator constructs: application and biomechanical
proof of principle with possible clinical indications. J
Orthop Surg Res. 2011; 6:41.

Moss DP, Tejwani NC. Biomechanics of external
fixation: a review of the literature. Bull NYU Hosp Joint
Dis. 2007; 65:294-299.

Fragomen AT, Rozbruch SR. The mechanics of external
fixation. HSS J. 2007; 3:13-29.

Belhan O, Ekinci A, Karakurt L et al. The treatment
offemoral shaft fractures in adults with hybrid
Ilizarovexternalfixator. Joint Dis RelatSurg. 2008; 19:50-
54,

Charalambous CP, Akimau P, Wilkes RA. Hybrid
monolateral-ring fixator for bone transport in post-
traumatic femoral segmental defect: a technical note.

10.

11.

12.

13.

14.

~ 645~

Arch Orthop Trauma Surg. 2009; 129:225-226.

Hiranya Kumar, Siddalingeshwar Vithoba Honnur*,
Manoj Kumar Shukla, Srikanth Etikala Neruganti Results
of limb reconstruction system in failed osteosynthesis of
long bones International Journal of Research in
Orthopaedics Orthop, 2017.

Watson TJ. Principles of External Fixation. Rockwood
and Green's fracture in adults. Chapter 8. 7™ edition.
Philladelphia, USA: Lippincott Williams and Wilkins
Publisher. 2010; 1:191-243

Dossett LA, Swenson BR, Hefferman D, Bonatti H
Metzger R, Sawyer GR, et al. High levels of endogenous
estrogens are associated with death in the critically
injured adults. J Trauma. 2008; 64:580.

Gee AC, Sawai RS, Differding J, Muller P, Underwood
S, Schreiber MA. The influence of sex hormone on
coagulation and inflammation in the trauma patients.
Shock. 2008; 29:334-41.

Linton PJ, Dorshkind K. Age related changes in
lymphocyte development and function. Nature Immunol.
2004; 5:133-9.

Plackett TP, Boehmer ED, Faunce DE, Kovacs EJ. Aging
and innate immune cells. J Leukoc Biol. 2004; 76:291-9.



http://www.orthopaper.com/

