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Abstract 

Background: Intramedullary nails have been widely used to treat long bone fractures, most of which heal within the expected time. 

However, in some cases union fails to occur by the expected time due to various reasons. After treatment with intramedullary nails, 

fractures located at the metaphysis of long bones are especially prone for non-union. The main reason for the non-union is instability 

(rotational) at the fracture site. The treatment options available to deal with such a situation include exchange nailing, removal of nail 

and re-osteosynthesis with plating, or Ilizarov fixation. 

Materials and Method: Our study is a prospective study conducted from AUG 2016 to AUG 2018, involving 10 patients. Patients with 

fracture shaft of femur treated primarily with intramedullary nailing were included in the study were included in the study. 

Results: All cases were followed up monthly upto 4 month and then every three months upto 1 year. All cases started showing signs of 

healing from eight weeks onwards and the fracture united radiologically at the end of 4 months.  

Conclusion: Our study concludes that augmentation plating gives excellent mechanical stability and improves the biology for fracture 

healing and when combined with exchange nailing it has a very high success rate and is a reasonably good, effective and safe procedure 

for non-unions following intramedullary nailing of femur shaft fractures. 

 

Keywords: Fractures, Effectiveness, Fractures, intramedullary 

 

 

Introduction 

Fracture of femoral shaft is a most common injury which is 

usually caused by high-energy trauma like road traffic accidents 

(RTA) or sometimes after low energy trauma like by orthopaedic 

surgeons [1]. For treatment of acute femur shaft fractures Interlock 

nailing is a standard and accepted method with a success rate of 

more than 90% [2, 3]. Non-union after intramedullary nail fixation 

of femur shaft fractures is rare but quite challenging to treat [4]. 

The treatment methods include removal of nail and re-

osteosynthesis with plating, or Ilizarov fixation and exchange 

nailing [5]. Among thesethe most accepted method for the non-

union of femur shaft fracturesis exchange nailing [6], but it has not 

shown consistent results across literature [7, 8]. Dynamisationhas 

only a marginal effect on union so is not applicable in all cases 
[9]. Bone grafting alone does not address the problem of rotational 

instability which is a major factor in non-union following 

interlock nailing. Augmentation plating has promising results in 

non-union following intramedullary nailing [10-12]. but retaining 

the same intramedullary nail in a case of where it has not worked 

once adds to the prevailing confusion. Also it is not unusual to 

find the broken implant in cases of non-union shaft femur, where 

it is possible to rely simply on augmentation plating. This study 

presents our experience in augmentation plating combined with 

exchange nailing for femoral non-unions initially treated with 

intramedullary nailing. 

Materials and Method  

Our study is a prospective study conducted from AUG 2016 to 

AUG 2018, involving 10 patients with fracture shaft of femur 

treated primarily with intramedullary nailing aseptic were 

included in the study. Nine patients showed non-union which was 

considered when the patient had pain on weight bearing, or there 

was gross motion and pain at the fracture site on physical 

examination with obvious radiographic signs of bone healing 

cessation at 6 months postoperatively. One patient had implant 

failure. Written informed consent was obtained from all the 

patients. 

 

Operative Technique 

The patients were operated under spinal anesthesia on a traction 

table. Exchange nailing was carried out first. The Implant was 

removed by means of its extraction devise. In cases with broken 

implant, a special broken nail extraction set was used. After 

removal of the nail a guide wire was inserted into the medullary 

canal. The canal was reamed by progressively increasing sized 

reamers with a goal of inserting the nail which has a diameter of 

2 mm more than the initial nail diameter or of at least 12 mm. 

Following exchange nailing, distal interlocking screws were 

inserted first. The fracture ends were compressed with the help of 

a back hammering device. This was followed by locking of the  
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proximal interlocking screws. Rotational stability of the 

interlocking nail was assessed by applying an external rotation 

force at the distal thigh. Rotational instability at the non-union 

site was detected in all patients and was considered to be the main 

underlying cause of non-union.Then through lateral approach, 

non-union site was exposed. Rotational instability at the non 

union site was visualized. Femoral exchange nailing with 

reaming with recon plate was done in 9 cases,. One patient had 

implant failure at 7 month where nail removal with reaming with 

fracture site freshening and exchange nailing with bone graft and 

plating was done.Then after pain subsided, post-Operative active 

and passive Knee bending exercises weredone after which 

patients were allowed partial weight bearing with crutches 

immediately and from the next post operative daythey were put 

on knee and hip exercises with weight bearing was allowed as 

tolerated, after removal of the suction drainage. Sutures were 

removed on the 14th post op day. 

 

Follow Up  

All cases were followed up monthly upto 4 month and then three 

monthly upto 1 year.Cases started showing signs of healing from 

eight weeks onwards and the fracture unitedradiologically at the 

end of 4 months. Union was defined clinically by absence of pain 

at site and radiologically by the appearance of satisfactory 

bridging callus across three cortices in two different views. 

 

Results  

There were 3 females and seven males in the present study with 

the mean age of 40 years (range 28–50 years).All cases started 

showing signs of healing from 8 weeks onwards and the fracture 

united radiologically at the end of 4 months. Complete clinical 

and radiological union was achieved in all cases in a mean 

duration of 7 months (range 3–9 months).No neurovascular 

complications were noticed after the surgical procedure; one 

patient developed surgical site infection which required the 

additional procedure of debridement.In this patient wound healed 

completely in three weeks.All the patients retained had knee 

range of motion with flexion upto 1300and extension to 00 at final 

follow up. None of the implants showed a failure on follow-up 

radiographs. 
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Fig 1: Femoral non-union with implant failure. X-rays at (A)At time of presentation (B) Postop (C & D) At 1 month follow up (E) 3 Month follow 

up (F)4 Month follow up (G&H)1 Year follow up. 



International Journal of Orthopaedics Research 

4 

  
A  B 

  
C D 

 



International Journal of Orthopaedics Research 

5 

  
E  F 

 

 

Fig 2: Femoral non-union. (A) X-rays at time of presentation and (B& C)post-op (D)3 Month follow up (E)6 Month follow up(F)1yr follow up  

 

Discussion 

Despite recent developments and advances in surgical 

techniques, implant designs and adjuncts to healing, femoral non-

union following intramedullary nailing are still encountered and 

continues to pose a clinical challenge and has been a dilemma for 

orthopaedic surgeons [13-20]. Various biological or mechanical 

factors such as poor bone quality, comminution, bone loss, soft 

tissue damage, infection, insufficient mechanical stabilization, 

multiple surgeries, or smoking may lead to non-

union.21,22Rotational instability constitutes a major 

componentwhen we consider the implant related factors. 

Johnston reported rotational instability of the interlocking 

intramedullary nailing [23]. Various methods of surgical treatment 

have been advocated for the treatment of femoral non-union. 

Exchange nailing is known to be the most acceptable method of 

treatment for femoral non-union [24]. The thicker nail provides 

better bending and rotational stability and also the reaming of the 

canal promotes osteogenesis [25]. Ilizarov’s ring fixation after nail 

removal is also used for non-union of femur shaft fractures with 

good results [26]. Though Dynamisation is a simple procedure and 

is more commonly done but the results are unreliable [27]. 

A concern of combining exchange nailing with plate 

augmentation was the loss of vascularity of the fracture ends. 

Cole examined the vascular supply of the femur after 

intramedullary nailing and showed the whole vascular supply of 

the femur was restored within 2 weeks after nailing [28]. Our study 

utilized a biological approach for plate augmentation, with 

limited soft tissue dissection and periosteal stripping of the 

fracture ends. 

Problems of these ununited fractures can bebroken implants, 

undersized nail, proximal or distal location of the fractures inthe 

respective bones or extensive comminution [29]. All these factors 

lead to loss of rotational control at the fracture site even though 

axial and translational alignment has been suitably restored. 

Thereby it becomes paramount to control this rotational 

instability at fracture site by additional stabilizing mechanism. 

Use of augmentation plates over existing nonunion of long bones 

is been done by few workers. Ueng et al. in his study of 17 

femoral nonunions showed union of all fractures at 7 months by 

using augmentation plates. Bone grafting was performed only in 

seven patients based on oligotrophic nature of nonunions. They 

used standard AO plates for augmentation. The same authors also 

showed superior results of the same procedure when used for 

management of femoral nonunions with broken interlocking nail. 

Both these studies showed results for nonunions of femoral 

fractures only [30-31]. 

All cases showed complete clinical and radiological union at an 

average of 7 months. Exchange nailing alone has shown variable 

results in the hands of different researchers.32-34This variability 

may be due to the rotational instability which persisted despite 

use of a larger diameter nail. Augmentation plating eliminates 

rotational instability in non-unions following intramedullary 

nailing ensures rigid immobilization of the fracture ends and 

along with the intramedullary nail neutralizes the shearing, axial 

and rotational forces across the fracture. This provides an easy, 

less extensive and effective solution to a challenging clinical 
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problem. It is quiet common to find cases of femur shaft non-

unions with the nail or its interlocking screws broken. Retaining 

such implants may not be possible or may jeopardize the stability 

of the construct. Rigid immobilization with or without bone 

grafting is the essence of treatment of non-union35. Augmentation 

plating combined with exchange nailing offers the best possible 

answer to this principle. 

 

Conclusion 

Our study concludes that augmentation plating gives excellent 

mechanical stability and improves the biology for fracture 

healing and when combined with exchange nailing it has a very 

high success rate andis a reasonably good, effective and safe 

procedurefor non-unions following intramedullary nailing of 

femur shaft fractures. 

 

References 

1. Neumann MV, Su¨ dkamp NP, Strohm PC. Management of 

femoral shaft fractures. Acta Chir Orthop Traumatol Cech. 

2015; 82(1):22–32. 

2. Thoresen BO, Alho AN, Ekeland AR, Strømsøe K, Follerås 

G, Haukebø A. Interlocking intramedullary nailing in 

femoral shaft fractures. A report of fortyeight cases. JBJS 

Case Connector. 1985; 9:1313-20.  

3. Brumback RJ, Uwagie-Ero S, Lakatos RP, Poka A, Bathon 

GH, Burgess AR. Intramedullary nailing of femoral shaft 

fractures. Part II: Fracture-healing with static interlocking 

fixation. J Bone Joint Surg Am. 1988; 70(10): 1453-62. 

4. Winquist RA, Hansen Jr ST, Clawson DK. Closed 

intramedullary nailing of femoral fractures. A report of five 

hundred and twenty cases. J Bone Joint Surg Am. 1984; 

66(4):529-539 

5. Lambiris E, Panagopoulos A, Zouboulis P. Current concepts: 

aseptic nonunion of femoral shaft diaphysis. Eur J Trauma 

Emerg Surg. 2007; 33(2):120-134. 

6. Crowley DJ, Kanakaris NK, Giannoudis PV. Femoral 

diaphyseal aseptic non-unions: is there an ideal method of 

treatment? Injury. 2007; 38(2):55-S63. 

7. Klemm KW. Treatment of infective pseudarthrosis of the 

femur and tibia with an interlocking nail. Clin Orthop. 1986; 

212:174-81.  

8. Weresh MJ, Hakanson R, Stover M, Sims SH, Kellam JK, 

Bosse MJ, et al. Failure of exchange reamed intramedullary 

nails for un-united femoral shaft fractures. J Orthop Trauma. 

2000; 14:335-8.  

9. Wu CC, Lee ZL. Low success rate of non-intervention after 

breakage of interlocking nails. Int Orthop. 2005; 29(2):105-

8.  

10. Ueng SW, Chao EK, Lee SS, Shih CH. Augmentative plate 

fixation for the management of femoral non-union after 

intramedullary nailing. J Trauma S4 R. Verma et al. / Injury, 

Int. J. Care Injured. 2017; 43(4):640-4.  

11. [Brijandinejad A, Ebrahimzadeh MH, Chabock HA. 

Augmentation plate fixation for treatment of femoral and 

tibial non-unions after intramedullary nailing. J Orthop. 

2009; 32(6):409.  

12. Park J, Kim SG, Yoon HK, Yang, KH. The treatment of non-

isthmal femoral shaft non-unions with IM nail exchange 

versus augmentation plating. J Orthop Trauma. 2010; 

24(2):89-94. 

13. Lynch JR, Taitsman LA, Barei DP, Nork SE. Femoral non-

union: risk factors and treatment options. J Am Acad Orthop 

Surg. 2008; 16(2):88-97.  

14. Singh R, Bleibleh S, Kanakaris NK, Giannoudis PV. Upper 

limb non-unions treated with BMP-7: efficacy and clinical 

results. Injury 2016;47(6):33-9.  

15. Santolini E, West R, Giannoudis PV. Risk factors for long 

bone fracture non-union: a stratification approach based on 

the level of the existing scientific evidence. Injury. 2015; 

46(8):8-19.  

16. Giannoudis PV, Gudipati S, Harwood P, Kanakaris NK. 

Long bone non-unions treated with the diamond concept: a 

case series of 64 patients. Injury. 2015; 46(8):S48-54.  

17. Giannoudis PV, Harwood PJ, Tosounidis T, Kanakaris NK. 

Restoration of long bone defects treated with the induced 

membrane technique: protocol and outcomes. Injury. 2016; 

47(6):53-61. 

18. Xu J, Jia YC, Kang QL, Chai YM. Management of 

hypertrophic non-union with failure of internal fixation by 

distraction osteogenesis. Injury. 2015; 46:2030-5. 

19. Maimaitiyiming A, Amat A, Rehei A, Tusongjiang M, Li C. 

Treatment of the femoral shaft non-union with double plate 

fixation and bone grafting: a case series of 14 patients. 

Injury, 2015; 46:102. 

20. Jiang Y, Guo YF, Meng YK, Zhu L, Chen AM. A report of 

a novel technique: The comprehensive fibular autograft with 

double metal locking plate fixation (cFALP) for refractory 

post-operative diaphyseal femur fracture non-union 

treatment. Injury. 2016; 47:2307-11. 

21. Pugh KJ, Rozbruch SR. Non-unions and malunions. In: 

Baumgaertner MR, Tornetta P, Eds. Orthopaedic 

Knowledge Update, Trauma. Rosemont: American 

Acadamy of Orthopaedic Surgeons, 2005, 117-8.  

22. Rodriguez-Merchan EC, Forriol F. Non-union: general 

principles and experimental data. Clin Orthop Relat Res. 

2004; 419:4-12.  

23. Johnson KD, Tencer AF, Blementhal S, August A, Johnston 

DW. Biomechanical performance of locked intramedullary 

nail systems in comminuted femoral shaft fractures. Clin 

Orthop Relat Res. 1986; 206:151–61. 

24. Hak DJ, Lee SS, Goulet JA. Success of exchange reamed 

intramedullary nailing for femoral shaft nonunion or delayed 

union. J Orthop Trauma. 2000;14(3):178-182. 

25. Somford MP, Bekerom MP, Kloen P. Operative treatment 

for femoral shaft non- unions, a systematic review of the 

literature. Strateg Limb Reconstr. 2013; 8(2):77-88. 

26. Menon DK, Dougall TW, Pool RD. Augmentative Ilizarov 

external fixation after failure of diaphyseal union with 

intramedullary nailing. J Orthop Trauma. 2002;16(7):491-

497. 

27. Jung HG, Kim DJ, Kim BH. Treatment of the femoral shaft 

nonunion occurred after intramedullary nailing. J Korean 

Orthop Assoc. 2007; 42(5):653-658. 

28. Cole JD. The vascular response of bone to internal fixation. 

In: Browner BD, Ed. The science and practice of 

intramedullary nailing. 2nd ed. Baltimore: Williams and 

Wilkins; 1996, 43-69 

29. Brinker MR, O’Conor DP. Current Concepts Review: 



International Journal of Orthopaedics Research 

7 

exchange nailing of ununited fractures. J Bone Joint Surg 

Am. 2007; 89:177. 

30. Ueng SWN, Cha EN, Lee SS, Shih CH. Augmentative plate 

for the management of femoral nonunion after 

intramedullary nailing. J Trauma. 1997; 43:640-644.  

31. Ueng SWN, Shih CH. Augmentative plate fixation for the 

management of femoral nonunion with broken interlocking 

nail. J Trauma. 1998; 45:747-752. 

32. Banaszkiewicz PA, Sabboubeh A, McLeod I, Maffuli N. 

Femoral exchange nailing for aseptic non-union: not the end 

to all problems. Injury. 2003; 34:349-56.  

33. Brinker MR, O’Connor DP. Exchange nailing of un-united 

fractures. J Bone Joint Surg Am. 2007; 89:177-88. 

34. Wu CC. Exchange nailing for aseptic non-union of femoral 

shaft: a retrospective cohort study for effect of reaming size. 

J Trauma. 2007; 63:859-65.  

35. Muller ME, Thomas RJ. Treatment of non-union in fractures 

of long bones. Clinical Orthop Rel Res. 1979; 138:141-53.  

 


