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Abstract 
Quiescent Type of H. Rosen & Stage 2 of C.L. Romano et al. for Infected Non Union of Femur after 
K-nailing (Küntscher nailing) require no debridement & removal of nail and therefore can be 
treated by a single stage procedure. There are a few reports of treating aseptic non-union of femur 
by compression alone or compression distraction over nail by Ilizarov Technique. However, no 
case of Infected Non-Union femur being treated by Accordion Manoeuvre with Ilizarov over nail in 
situ (i.e. without exchange nailing) has been reported so far. Here, we are reporting a case of In-
fected Non-Union following K-nailing for a fracture shaft of femur in a 15-year-old female, who was 
treated by this technique as a single stage procedure. An Ilizarov frame was mounted on the femur 
with nail in situ followed by Accordion Manoeuvre. The fracture was healed in 5.6 months with 
two cycles of Accordion Manoeuvre followed by rhythmic compression. There was no recurrence 
of infection. 
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1. Introduction 
The suggested treatment for Quiescent Type of Infected Non Union is a single stage procedure with minimal or 
no debridement [1] [2]. The fate of the implant in Infected Non-Union is dependent on the stability it provides. 
If the nail still continues to provide stability it may be retained [3]. The technique of compression alone over nail 
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by external fixator for non-union femur has been reported by a few authors only in aseptic non-union [4] [5]. 
Cyclic distraction and compression was used in another series to achieve union in non-union femur [6]. How-
ever, we have not been able to find any publication indicating treatment of Quiescent Type of Infected Non- 
Union of femur with nail in situ by Ilizarov frame and with Accordion Manoeuvre. 

We are reporting such a case, of a 15-year-old female who developed Infected Non-Union following K-nailing 
(Küntscher nailing) done for a fracture shaft of femur, whom we treated by Accordion Manoeuvre through 
Ilizarov frame, mounted with nail in situ (i.e. without exchange nailing). In this paper, we are discussing the 
strategies that were used for bringing about a satisfactory outcome in the case. 

2. Case Report 
A 15-year-old female sustained fracture at the junction of the middle and lower third of shaft of the right femur 
following a road traffic accident. She was treated by Open Reduction and Internal Fixation with a K-nail 
(Küntscher nail) elsewhere. Upon query, she reported a history of pain and swelling at the operation site after 
about 8 weeks of operation followed by rupture of the operating wound that started draining pus. The condition 
was treated by the original surgeon with debridement and antibiotics that were continued for a period of 6 weeks. 
Eventually, the wound healed. However, she was referred to us, (after about 8 months of the first surgery), as 
she was unable to bear her entire weight on the affected limb, and also had a sense of instability in the concerned 
limb. During examination, we found minimum tenderness without any abnormal mobility at the fracture site; 
there were no signs of local infection and there was no drainage for past 4 months, as reported by the patient. 
Range of Motion (ROM) at the knee joint was 150-150-600 with normal hip motions. Her X-Ray showed gap at 
fracture site without any evidence of callus and sequestrum (Figure 1). 

A working diagnosis of Quiescent Type [1] and Stage 2 [3] Infected Non-Union was made to tailor the treat-
ment. 

A thorough evaluation of the patient was done. The nail did not appear to be snugly fitted into the medullary 
cavity in the X-ray and we expected that the fragments could be moved on it during compression and distraction. 
An Ilizarov frame was mounted, with the nail in situ. The apparatus consisted of an arch in the proximal seg-
ment at the level of greater trochanter, and a full frame near the knee joint with a free stabilising ring in between. 
4.5 mm Schanz screws were used in the arch while olive wires were used in the distal fragment (Figure 2). Ac-
cordion Manoeuvre (AM) was started once the pain of insertion of the pin and wire faded out.  

Accordion Manoeuvre (AM) consisted of compression (at the rate of 0.25 mm) twice daily for 7 days, fol-
lowed by distraction at a similar rate and rhythm for another 7 days followed by rest for 3 days. This consisted  
 

 
Figure 1. Pre operative X-ray of patient. 
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Figure 2. Mounting of Ilizarov apparatus with nail in situ. 

 
of a cycle of AM. Two such cycles were performed, followed by compression at the fracture site at the rate of 
0.25 mm every alternate day, till appreciable healing could be seen in the X-ray. Parents of the patient were in-
structed about the procedure of pin-site care. A regular follow-up (after every 4-weeks interval) was done till the 
fracture united. After complete healing of the fracture, as evidenced in the X-ray, the apparatus was removed af-
ter five and half months from the date of application. She was instructed to undergo physiotherapy to regain 
range of movement at the knee joint. At the last follow up, the fracture re-modelled well (Figure 3) and the pa-
tient regained full ROM at Knee joint (Figure 4). No deep-seated infection was seen in the case. 

2. Discussion 
The incidence of infection following intramedullary nailing (IM nailing) in closed long bone fractures is ap-
proximately 1% - 2% [7]. This incidence is considerably higher in open fractures [8]-[10]. 

We are yet to come across any report showing Accordion Manoeuvre with Ilizarov with nail in situ (i.e. with 
out exchange nailing) in femoral Quiescent Type of Infected Non-Union; and hence, there is every possibility 
that ours is the only report in this aspect. 

Accordion Manoeuvre is “Bloodless stimulation” of bone healing as described by Professor Ilizarov. It com-
prises of alternate compression and distraction at the fracture site that converts the scar tissue at the fracture site 
into tissues capable of neo-genesis. Compression brings the fragments into contact and crushes the scar tissue 
between them. Distraction creates columnar fibro-vascular tissues that arise from the crushed scar tissue on the 
fracture surface. Repeated distraction stimulates the production of osteoblast and helps the collagen bundles 
consolidate within a bony matrix. Generally, the suggested protocol for this manoeuvre is compression for 10 
days, followed by distraction up to 10 - 20 mm, at the rate of 0.25 mm twice a day, which is followed by rest for 
7 - 10 days; and then slow compression again up to 7 - 10 mm. After a rest period for 5 - 7 days, distraction is 
performed for second time [11]. Although it was indicated in Hypertrophic or Normotrophic non-union, Ilizarov 
himself used AM in mobile non-unions also and the resultant healing was termed as Transformational osteo-
genesis [12]. It is now an established fact that controlled process of distraction helps in creation of mechano- 
biological conditions (tissue strain) that stimulate new bone formation mostly by intra-membranous ossification 
[13]. In an experimental study, Lutz Claes concluded that temporary cyclic distraction and compression can en- 
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Figure 3. Healed fracture with re-modelling. 

 

 
Figure 4. Full functions at hip & knee joints after surgery. 

 
hance better bone healing by producing early increased bone volume that has higher bending rigidity [14]. 

H. Rosen’s [1] classification of Infected Non-Union describes the status of pathology at the site of infection 
(Table 1). It helps to decide the treatment strategies. 

We classified our case to be a Quiescent Type of Infected Non-Union as there was no discharge from the local 
site for more than3 months besides the fact that there was no evidence of sequestrum. 

Romano CL et al. [3] classified Post Implant Infections into three stages depending upon duration, status of 
stability provided by the implant and presence or absence of deep seated bony infection (Table 2). 

We labeled our case at Stage 2 of Romano CL et al. as the infection started within 8 weeks of initial surgery 
and local infection had not spread to whole of the shaft. The nail implanted earlier appeared to provide stability 
and therefore its removal was not considered. 

The aim of treating the case was to achieve healing of the fracture without reactivation of infection. A less- 
traumatic and minimally invasive procedure would be the best choice of treatment in such situation. Since there 
was no evidence of active infection, both clinical and radiological, we proposed to mount the Ilizarov frame with 
nail in situ. The nail did not appear to be snugly fitted into the medullary cavity in the X-ray and we expected 
that the fragments could be moved on it during compression and distraction. Cyclic Distraction and compression 
(AM) would stimulate healing and final rhythmical compression would lead to consolidation. Altogether it would 
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Table 1. H Rosen’s classification of Infected Non-Union with pathology and treatment strategy. 

 Type 1 Draining Type 2 Active Non Draining Type 3 Quiescent 

Draining sinus Present Absent Absent > 3 months 

Sequestrum Present Usually absent/small size Absent 

Extent of debridement Extensive Moderate NIL or minimum when implant  
has to be removed 

 
Table 2. Romano CL et al. classification of post-implant infections. 

 Stage 1 Stage 2 Stage 3 

Post-operative Period 2 - 6 weeks 2 - 9 months >2 months 

Tissue involvement Soft tissue Bone (Non Intra Medullary) Bone (Intra Medullary) 

Removal of nail Not required Not required Required 

 
be a less traumatic endeavour. There would be only one operation without the need for another surgical inter-
vention like corticotomy, bone grafting etc. 

Considering the young age of the patient and a belief in the capability of new tissue formation under adequate 
stimulation at this age, it was decided to modify the rate of Accordion Manoeuvre by reducing the number of 
days of the cycle. Infection did not recur in this case. The case confirmed the acceptability of both H. Rosen’s & 
Ramano CL et al.’s classification of Infected Non-Union with suggested treatment protocol. 

3. Conclusion 
H. Rosen’s Quiescent Type & C.L. Romano’s Stage 2 Infected Non-Union after IM nailing in femur require no 
debridement & removal of the nail. In the absence of active infection, an Ilizarov frame can be mounted in such 
case with nail in situ safely. Accordion Manoeuvre with subsequent compression ensures union & consolidation 
in such situation. Our case merits to be considered as the only case report in this type of difficult non-union. 
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