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Purpose: To evaluate of efficacy of the treatment options for a femoral shaft nonunion occurring 
after intramedullary nailing.
Material and Methods: Thirty-one patients with nonunion of a femoral shaft fracture, who had 
been treated with interlocking intramedullary nailing from January 1996 to December 2000, were 
examined. Twenty-six had oligotrophic nonunion and five were hypervascular. Forty-five procedures 
were performed for 31 nonunions; bone grafting for 14, exchange nailing for 13, plate augmentation 
and bone grafting for 14 and dynamization for 4 cases.
Results: The success rate after a single procedure was only 58%. The four dynamization cases 
failed to unite. Seven of the 13 (54%) nonunion cases treated with nail exchange healed satis-
factorily. All cases treated with plate augmentation and bone grafting achieved successful union. 
The mean period from fracture to union was 20 months.
Conclusion: Exchange nailing is not always a reliable procedure for treating nonunion of a femoral 
shaft fracture. Plate augmentation and bone grafting were found to be a successful mode of therapy 
for the femoral shaft nonunion without complications.
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INTRODUCTION
  Intramedullary nailing was introduced in the 

treatment of femoral shaft fractures resulting in 

excellent union19). Interlocking nailing provides 

more rotational stability for fixation of the frac-

ture. Closed intramedullary nailing is a recent 

treatment for femoral shaft fractures2,17).

  Less than 1% of cases of nonunion of femoral 

shaft fractures are treated with interlocking nail-

ing16). However, the nonunion presented recently 

might be more tenacious than those previously 

reported. The causes of nonunion of femoral shaft 

fracture are based on many factors. There are se-

veral surgical options for treating femoral shaft 

nonunion after interlocking nailing: nail exchange, 

dynamization, and bone grafting and plate aug-

mentation. Nail exchange was reported to be the 

best treatment for nonunion of femoral shaft frac-

tures7,14) but the entire nonunion could not treated 

with only exchange nailing.

  We introduced plate augmentation and bone 

grafting for the treatment of femoral shaft non-

union, leaving the interlocking intramedullary nail 

in situ to remove the rotational instability of the 
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Table 1. Case Summary of the Nonunions of Femoral Shaft Fracture

Injury Fracture Fixation Type of 1st 2nd 3rd
Case Age Sex W-H Result Result Result

type location mode nonunion procedure procedure procedure

1 32 M II Closed Distal R/S Oligo Plate+BG Union
2 47 F III Closed Distal R/S Oligo Plate+BG Union
3 61 M III Closed Middle R/D Oligo EN Union
4 19 M I Open Middle R/S Hyper EN Union
5 40 M IV Closed Middle R/S Oligo Plate+BG Union
6 55 F III Closed Middle U/S Oligo Plate+BG Union
7 57 M III Closed Middle R/D Hyper EN Fail Plate+BG Union
8 46 M III Closed Distal R/D Oligo EN Fail Refused Fail
9 24 M III Closed Middle R/S Oligo EN Union

10 59 M IV Open Distal U/S Oligo BG Fail Dyna. Fail Plate+BG Union
11 21 M IV Closed Distal U/S Oligo BG Fail EN Union
12 55 F II Closed Distal U/S Oligo BG Fail EN Fail Refused
13 32 M I Closed Middle R/S Oligo Dyna. Fail EN Union
14 36 M II Open Distal U/S Oligo BG Union
15 30 M III Closed Distal U/S Oligo EN Fail Refused
16 20 M III Open Middle R/S Oligo EN Fail Plate+BG Union
17 23 M IV Closed Middle U/S Oligo BG Union
18 35 F III Closed Middle U/S Oligo BG Union
19 28 M III Open Middle U/S Oligo EN Union
20 32 M III Closed Distal R/D Oligo EN Fail Plate+BG Union
21 74 F III Closed Proximal R/S Oligo BG Union
22 60 M II Closed Distal U/S Oligo BG Fail Plate+BG Union
23 18 M I Closed Distal R/S Oligo BG Union
24 36 M I Closed Middle R/S Oligo BG Union
25 22 M I Open Middle U/S Oligo Dyna. Fail BG Fail Plate+BG Union
26 28 M I Closed Middle R/D Hyper Plate+BG Union
27 34 M IV Closed Middle U/S Oligo BG Union
28 21 M I Open Distal R/S Oligo Dyna. Fail BG Fail Plate+BG Union
29 22 M II Closed Middle U/S Oligo BG Fail Plate+BG Union
30 21 M I Closed Middle U/D Hyper Plate+BG Union
31 39 M I Open Middle R/S Hyper EN Union

W-H, Winquist-Hansen classification; R/S, Reamed/static; R/D, Reamed/dynamic; U/S, Unreamed/static; U/D, Unreamed/dynamic; Hyper,
Hypertrophic; Oligo, Oligotrophic, Plate+BG, Plate augmentaion and bone graft; EN, Exchange nailing; BG, Bone gafting; Dyna, 
Dynamization.

nonunion site. The remaining intramedullary nail 

could allow early weight-bearing rehabilitation 

after plate augmentation. Bone grafting performed 

simultaneously filled the bony defect and sti-

mulated healing. This study evaluated the efficacy 

of various surgical options for treating femoral 

shaft nonunion after interlocking nailing.

MATERIALS AND METHODS
  From January 1996 to December 2000, 31 cases 

of femoral shaft nonunion after interlocking intra-

medullary nailing were treated at our hospital and 

followed up for at least one year. Twenty-six 

subjects were male and 5 were female with a mean 

age of 38 years old. Twenty-five cases were due 

to car accidents and 6 were due to falls from a 

height. Twenty-three had closed fractures and 8 

had open ones. The fractures were located at the 

middle 1/3 in 17 cases and at the distal 1/3 in 14. 

According to the Winquist-Hansen classification, 

there were 9, 5, 12 and 5 types I, II, III and IV 

fractures, respectively. The fractures were treated 

using three different types of reamed nails and one 

unreamed nail. Reamed nails were used for 26 

fractures and unreamed nails were used for 5. 

Twenty-three fractures were fixed in a astatic 
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mode and 8 were fixed in dynamic mode (Table 1).

  The mean time between fixation of the fracture 

and the treatment for nonunion was 14 months 

(6-46 months). According to theWeber and Brun-

ner classification, 26 showed oligotrophic nonunion 

and 5 showed hypertrophic nonunion.

  The surgical options used for nonunion included 

dynamization, bone grafting, exchange nailing and 

augmentative plating with bone grafting. Ex-

change nailing was performed with a nail at least 

2 mm larger in diameter than the previous nail. 

The nail was fixed in static mode. Partial weight 

bearing was allowed immediately after exchange 

nailing. For augmentative plating, plates with 6 or 

8 holes were fixed across the nonunion site without 

removing the interlocking nail. If intramedullary 

nailing was not fixed in static mode, the intra-

medullary nail was changed to a dynamic mode 

before augmentative plating. The nonunion site 

was exposed through the posterolateral approach 

and checked for any motion at the nonunion site, 

particularly rotational instability. More than 3 

cortices purchase in each side was sufficient to 

eliminate the motion. The nonunion site was filled 

with an autogenous bone graft that had beenob-

tained from iliac crest. The patient was allowed 

partial weight bearing with two crutches immedia-

tely after surgery.

  Union was defined as an absence of pain and 

tenderness despite full-weight bearing with a dis-

appearance of the fracture line through callus 

bridging in four cortices.

RESULTS
  Twenty-eight of the 31 cases achieved union at 

the last follow-up. Three patients refused to un-

dergo further surgery after the failure of the 

previous operation for nonunion. There were an 

average of 1.5 operations for every nonunion case. 

Radiological bone union required an average of 20 

months (10-54 months) from the first operation to 

treat the femoral shaft fracture. One operation was 

sufficient to achieve union in 18 nonunion cases 

(58%). However, 11 patients required further sur-

gery for nonunion. Three patients had three 

separate operations to achieve union.

  Dynamization was used for 4 nonunion cases but 

all failed to achieve union. Of the 14 cases treated 

with bone grafting (12 in the first procedure and 

2 in the 2nd), seven cases (50%) achieved union. 

Seven out of 13 cases (10 cases in the 1st procedure 

and 3 in the 2nd) (53%) treated with exchange 

nailing achieved union. Three of the six cases that 

did not achieve union were treated with a plate 

augmentation and bone grafting and achieved 

union but three cases refused further surgery to 

achieve union. All 14 cases (100%) treated with 

augmentative plating and bone grafting (6, 5 and 

3 in the 1st, 2nd and 3rd procedure, respectively) 

achieved union.

DISCUSSION
  Dynamization was not found to be beneficial for 

achieving union, particularly in comminuted frac-

tures. It produced a significant instability at the 

nonunion site and femoral shortening. It is believ-

ed it is more important to prevent distraction and 

enhance the contact of the fracture site when 

fixing a femoral shaft fracture. Femoral shaft 

nonunion is no longer treated with dynamization.

  In this study, bone grafting only in the treatment 

of the nonunion achieved union in only 50% of 

cases. However, bone grafting with an additional 

procedure tended to stimulate fracture healing. 

Bone grafting was performed at the time of 

augmentative plating in 14 patients and achieved 

union in all patients.

  Most of the femoral shaft nonunion cases were 

treated successfully with exchange nailing using 

the next larger nail7,14). Exchange nailing is known 
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Fig. 1. (A) Forty-six year old man with a comminuted femoral 
shaft fracture. The fracture had been fixed with a reamed 
intramedullary nail 9 month earlier. (B) The patient complained of 
pain at the fracture site and the fracture line remained. (C) The 
nonunion was treated with exchange nailing. (D) Four months after
exchange nailing, the nonunion was healed.

to be the treatment of choice for femoral shaft 

nonunion (Fig. 1). Exchange nailing using a nail 

with a slotted compression hole can eliminate the 

fracture distraction and enhance the fracture sta-

bility in the treatment of femoral shaft nonunion 

with a short oblique or transverse fracture. Ex-

change nailing allows early weight bearing with 

low morbidity. However, all femoral shaft non-

unions for which intramedullary nailing has failed 

were not considered appropriate for exchange 

nailing5). The rate of union rate ranged from 53% 

to 78% after the first exchange intramedullary 

nailing and 87% to 95% after the second procedure. 

In our study, 7 out of the 13 cases treated with 

exchange nailing achieved union, which is an 

unsatisfactory success rate. There are questions 

regarding exchange nailing for femoral shaft 

nonunion9,15). According to the study reported by 

Johnston9), the rotational stability of the inter-

locking intramedullary nailing was 3% of that of 

the normal femur. Rotation of 10-15o occurred at 

the fracture site without resistance in the femur 

with intramedullary fixation. This means that 

there was some limitation in the rotational stability 

of the interlocking intramedullary fixation. It was 

not difficult to notice the rotational movement at 

the nonunion site during augmentative plating 

even though the fracture had been fixed with static 

interlocking nailing. In the distal 1/3 femoral shaft 

fracture or comminuted fracture, exchange nailing 

with a larger diameter nail than that of the pre-

vious nail could not eliminate the rotational in-

stability completely10). Nonunion following commi-

nuted fractures do not appear to respond to ex-

change nailing as favorably as nonunion occurring 

after simple transverse or oblique fractures2,11). 

Four out of 6 failures with exchange nailing were 

the distal 1/3 and type III comminuted fracture. 

Exchange nailing cannot be recommended for distal 

femoral nonunion5). In the abovementioned cases, 

plate fixation with autogenous bone graft was a 

good surgical option. However plate augmentation 

and bone grafting without removing the intra-

medullary nail had more advantages such as a 

short operation time, less invasiveness and early 

weight bearing after surgery than plate fixation 

after removing the nail.

  There are three surgical options for the treat-

ment of nonunion after exchange nailing; repeated 

nailing, bone grafting and repeated nailing with 

bone grafting. However, we did not attempt secon-

dary exchange nailing. Three of the 6 nonunion 

cases were treated with augmentative plating and 

bone grafting that had not achieved union after 

exchange nailing (Fig. 2). In our opinion, augmen-

tative plating and bone grafting are better choices 

than repeated nailing. Although sufficient vascular 

supply is very important, stable fixation is also 

essential for achieving fracture healing. Augmen-

tative plate fixation might improve the rotational 

stability11,13). Fourteen cases of nonunion of the 

femoral shaft were treated with plate augmen-

tation and union was achieved in all patients. Plate 

augmentation with autogenous bone grafting is a 
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Fig. 2. (A) Thirty-two year old man with a femoral shaft nonunion. 
The fracture had been fixed with a reamed intrmedullary 
interlocking nail 7 months earlier. (B) The nonunion was treated
with reamed exchange nailing but it was not healed. (C) AO 6 
holes plate was fixed across the nonunion site with autogenous 
bone grafting. (D) The nonunion was healed without complications
6 months after surgery.

useful method for treating oligotrophic nonunion 

due to a comminuted fracture. It requires bone 

grafting for the bone defect and plate augmenta-

tion for instability. There was some concern that 

plate augmentation after intramedullary nailing 

might cause a disastrous event in the vascular 

supply of the femur but this did not occur. Cole6) 

examined the vascular supply of the femur after 

intramedullary nailing and showed the whole 

vascular supply of the femur had been restored 

within 2 weeks after nailing. Our cases were 

treated with plate augmentation an average of 14 

months after intramedullary nailing. Augmentative 

plating required limited exposure of 6 or 8 holes to 

fix the plate. Therefore, it might not destroy the 

vascularity of the femur. There was no serious 

problem and no secondary procedures were re-

quired for fracture healing after plate augmen-

tation with bone grafting for nonunion regardless 

of whether there had been oligotrophic or hyper-

trophic nonunion. All nonunion cases that failed to 

be healed properly by other surgical procedures 

could be healed using plate augmentation and bone 

grafting.

CONCLUSION
  Exchange nailing is not appropriate for all cases 

of femoral shaft nonunion and augmentative plat-

ing with bone graft was found to be a safe and 

useful method for treating femoral shaft nonunion 

after intramedullary nailing. Therefore, augmen-

tative plating and bone grafting is the preferred 

treatment over repeated exchange nailing when 

union does not occur after exchange nailing for 

femoral shaft fracture.
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=국문초록=

목 적: 골수강 금속정 고정후 발생한 대퇴골 불유합에 대해 여러 가지 방법으로 치료를 실시하고 각 방법들의 
치료 효과에 대해 알아보고자 하였다.
대상 및 방법: 1996년 1월부터 2000년 12월까지 교합정 골수정 고정 후 발생한 대퇴골 불유합 31예를 연구 
대상으로 하였다. 26예는 위축성 불유합이었으며 5예는 비후성 불유합이었다. 31예의 불유합에 대해 총 45회의 
수술적 치료를 하였다. 골이식술 14회, 골수강 금속정 교환술 13회, 금속판 보강술 및 골이식술 14회, 역동화 
수술 4회이었다.
결 과: 31예의 불유합에 대한 1회 수술 성공률은 58%이었다. 4예의 역동화 수술은 전 예에서 실패하였으며, 
금속정 교환술은 13예 중 7예(54%)에서 골유합을 얻었다. 14예의 금속판 보강술과 골이식술은 전 예에서 골유합
을 얻었다. 골유합은 골절후 평균 20개월에 얻었다.
결 론: 본 연구를 통해 확공후 금속정 교환술은 모든 불유합에서 골유합을 얻는 것은 아니었으며, 금속판 보강술
과 골이식술은 합병증없이 불유합을 치료할 수 있는 좋은 방법이었다.
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