
ORIGINAL ARTICLE • LOWER LIMB - FRACTURES

Double locking plate fixation for femoral shaft nonunion

Ye Peng1 • Xinran Ji1 • Lihai Zhang1 • Peifu Tang1

Received: 19 December 2015 / Accepted: 14 March 2016 / Published online: 3 May 2016

� Springer-Verlag France 2016

Abstract

Introduction Nonunions after operative fixation of the

femur, although infrequent, remain a challenge for ortho-

pedic surgeons. The aim of this study was to assess the

effectiveness of double locking plate fixation in the treat-

ment for femoral shaft nonunions.

Materials and methods From 2009 to 2013, 21 patients

with femoral nonunions (mean age 46.9 years, range

25–81) were treated and evaluated utilizing double locking

plate fixation. Patients were followed for at least 6 months

postoperatively or until they achieved complete union to

investigate bone healing and functional outcomes in

femoral shaft nonunions treated with double locking plate

and autogenous cancellous bone graft.

Results The main outcomes evaluated were the presence of

bony union, time to achieve union, and SF-36 score. All 21

femoral nonunions healed (100 % union rate). The average

time to bony union was 5.3 months (range, 4–7). The mean

follow-up duration time was 24.8 months (range, 6–60).

Average scores of the physical function and bodily pain

components of the SF-36 were 96 (range, 90–99) and 94.2

(range, 92–99), respectively. No significant complications

were noted postoperatively.

Conclusion Because of the high union rates and lack of

significant complications in our series, double locking plate

fixation can serve as an effective method of addressing

femoral shaft nonunions. No significant complications

were found postoperatively.

Keywords Nonunion � Fracture � Locking plate

Introduction

Although surgical stabilization of femoral shaft fractures has

become very successful with current treatment modalities,

nonunions can result and can lead to pain, loss of function,

deformity, and other complications [1–3]. Various treatment

modalities exist to address femoral shaft nonunions, which

include nail dynamization, exchange nailing, plate fixation,

bone grafting, Ilizarov technique, and combinations thereof.

Despite the success rates reported in the literature for these

revision techniques, each methodology has its own set of

complications and failures. Although reported failure rates

of Ilizarov external fixation for long bone nonunions are less

than 6 %, they often require prolonged use (which can lead to

pin tract infections, subjective inconvenience, and discom-

fort) [4, 5]. While most surgeons are more familiar and

comfortable with revision intramedullary nailing, compli-

cation rates are higher, as reported in the literature [6]. Some

studies have reported a 27 % complication rate of failure for

intramedullary nailing (range 0–67 %) as compared to 18 %

for plate fixation (range 0–30 %). Reported union rates also

favor plate fixation, with union rates of 96 % for plate fixa-

tion (range 91–100 %) as compared to 75 % for IM nailing

(range 56–100 %) [7–15].
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Despite the reported success rates of plate fixation with

autogenous bone grafting, [16, 17] success is influenced by

technique. It does require significant dissection which,

when poorly performed, can lead to suboptimal results.

Furthermore, success is influenced by significant bone

defects, poor bone quality, and osteoporosis. Additionally,

in torsional wedge nonunion patterns (AO classification

type 32-B/32-C), single-plate fixation may be a suboptimal

construct. Absolute stability is difficult to achieve in these

instances and can leave a residual gap that makes standard

single compression plating prone to failure should healing

not occur quickly.

Because of these limitations, we are trying to use a

double plate construct for femoral nonunions. In addition to

addressing the mechanical need for successful nonunion

repair, addition of autogenous cancellous bone would also

address the biological need for successful nonunion repair.

Double plating can potentially be used to address femoral

nonunions with bone loss (i.e., lack of good cortical con-

tact), where nailing (i.e., small canal, presence of previous

hardware blocking canal access) and Ilizarov are not viable

options. Utilizing such techniques can allow maintenance

of length, alignment, and rotation, while permitting bone

grafting and early weight-bearing. In this study, we assess

the results and outcomes of double locking plate constructs

and autogenous cancellous bone graft for the treatment for

femoral shaft nonunions.

There are widespread controversies about nail or plate

or both for femur union revision. Nail or plate revision for

femur shaft nonunion showed different union rate

(Table 1) [8, 9, 11, 12, 14, 18–27]. Double locking plate

fixation can be used for long bone nonunion and with

great results in previous studies [28–30]. Murray et al. use

it for long bone nonunion and got 94.1 % union rate in

1964. Parker et al. use it for tibial shaft nonunion and got

100 % union rate in 1974. Martinez et al. use it for

humeral shaft nonunion and got 100 % union rate in

2009. The previous studies of exchange nail showed that

the union rate is unstable (range 53–96 %). The union

rate of double plate is more stable than exchange nail and

higher than 90 %. That means exchange nails should have

second or third revisions but double plate should not. That

may cost additional medical fees and increase patients’

psychological burden. In this study, we theorize that the

use of locking plates can further enhance biomechanical

stability (absolute stability) and lead to more stable suc-

cessful results (defined as adequate bony union) with low

complication rates.

Materials and methods

We retrospectively reviewed all of our femoral shaft frac-

ture cases presenting with a nonunion, with documented

cutaneous temperature, white blood cell count, C-reactive

protein levels, and erythrocyte sedimentation rates to

exclude infection. Cases that were included in the study

required documentation of pathological examination at the

nonunion site during the revision to verify that it was an

aseptic nonunion. We defined ‘‘nonunions’’ according to

the US Food and Drug Administration (FDA) criteria,

where a fracture that is at least 9 months old and has not

shown any signs of healing for three consecutive months

[31, 32]. We also did the CT scan to confirm the nonunion.

Table 1 Union rate of femur

nonunion revision with different

fixations

References Fixations (nail/plate/nail

and plate/double plate)

Number of cases Union rate (%)

Webb et al. [6] Reamed exchange nail 105 96

Furlong et al. [19] Reamed exchange nail 25 96

Hak et al. [12] Reamed exchange nail 23 78

Weresh et al. [14] Reamed exchange nail 18 53

Bellabarba et al. [11] Plate 23 91

Finkemeier et al. [9] Reamed exchange nail 39 74

Yu et al. [20] Reamed exchange nail 39 91

Choi et al. [8] Nail and plate 15 100

Birjandinejad et al. [21] Nail and plate 25 100

Shroeder et al. [22] Reamed exchange nail 42 86

Naeem-ur-Razaq et al. [23] Reamed exchange nail 43 90

Lin et al. [24] Nail and plate 22 100

Wang et al. [25] Nail and plate 21 100

Maimaitiyiming et al. [26] Double plate 14 100

Chiang et al. [27] Nail and plate 30 96
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The inclusion contains adult femur shaft closed fracture

with internal fixation and nonunion. The exclusion criteria

contain infection or pathologic fracture. From our review,

from 2009 to 2013, we identified 33 femoral nonunion

cases, 21(15 males, six females) of which were addressed

with double locking plate fixation. The lateral plate is the

main plate which is long and more locking screws (about

6–8 locking screws, double cortex fixation), and the medial

plate is assisted plate which is short and less locking screws

(4–6 locking screws, single cortex fixation). We advocate

use bone autogenous bone grafting. It not only can provide

the biomechanical connection in the defect part but also

can improve and reconstruct the blood circulation. We also

use 360� completely surrounding fracture site autogenous

bone grafting. The autogenous bone graft was obtained

from anterior iliac crest. We do not use BMP or PRP. The

mean age was 46.9 years (range 25–81). All of these cases

initially presented as closed fractures, without neurovas-

cular compromise. According to the OTA/AO classifica-

tion, there were five 32-A, nine 32-B, and seven 32-C cases

[33]. Initial treatments varied and included intramedullary

nailing, single lateral plate fixation, and external fixation

(due to physiologic instability). We classified 14 of the

nonunion cases as atrophic nonunions. Patient demo-

graphics are listed in Table 2.

The defects often were found in 32-B- or 32-C-type

fracture which was in the medial side of the diaphysis

fracture. There are five bone defects in our cases. The

average of the biggest defect length was 3.7 mm (range

2.1–6.5 mm) in the vertical plane which were measured by

CT scan. Two of the defects were by bone resorption, and

three cases were community fracture segment which can-

not be fixed.

For the nonunions treated with double locking plate

fixation, we used the lateral approach, and the construct

consisted of a long locking plate laterally and a shorter

plate anteromedially. The lateral plate was a large frag-

ment, 4.5 mm plate, while the medial plate was a small

fragment, 3.5 mm plate. All the plates were supplied by

Synthes. Fixation was achieved using biologically pre-

serving techniques (Fig. 1). We standardized our fixation

construct so that all lateral plates had, along each fragment,

at least six cortices of support, and all medial plates had at

least four cortices of support.

After a period of non-weight-bearing for approximately

4 weeks, patients were advanced from partial to full

weight-bearing over the next 1–2 months. Patients were

followed serially in clinic at the 2 weeks, 4 weeks, and

monthly until we noted fracture union by AP, later view

and CT scan. We evaluated the mean time to fracture

Table 2 Patients’ demography

No Sex Age

(year)

Fracture type

AO/OTA

classification

First surgery No. of

previous

interferences

Duration

since injury

(months)

Time to

union

(months)

Nonunion

type

Physical

function/bodily

pain (SF-36

score system)

Follow-up

(months)

1 M 38 32-B1 LCP 1 10 4 Hypertrophic 94/94 60

2 M 56 32-B3 Intramedullary nail 1 9 6 Atrophic 90/92 36

3 M 33 32-B1 LCP 1 17 7 Atrophic 99/97 60

4 M 46 32-A2 LCP 1 24 4 Atrophic 99/96 24

5 F 44 32-B2 Intramedullary nail 2 30 7 Hypertrophic 98/95 36

6 M 54 32-A2 Intramedullary nail 1 14 6 Atrophic 95/93 36

7 M 46 32-B2 DCP 2 11 5 Atrophic 98/95 36

8 M 32 32-B2 Intramedullary nail 1 13 4 Hypertrophic 99/98 12

9 M 54 32-A2 External fixation 1 9 6 Atrophic 98/99 24

10 M 26 32-C1 Intramedullary nail 2 23 5 Hypertrophic 97/94 24

11 M 81 32-C3 LCP 1 15 5 Atrophic 94/92 6

12 F 43 32-B2 Intramedullary nail 1 13 5 Hypertrophic 95/93 24

13 M 38 32-A3 LCP 1 9 6 Atrophic 94/92 8

14 F 56 32-C3 LCP 2 13 5 Hypertrophic 98/95 12

15 M 75 32-A2 Intramedullary nail 2 11 7 Atrophic 94/92 24

16 F 25 32-C1 LCP 2 10 4 Atrophic 94/93 12

17 F 44 32-B2 LCP 1 16 5 Atrophic 95/93 24

18 F 38 32-C1 Intramedullary nail 1 9 5 Atrophic 98/95 12

19 M 58 32-C3 Intramedullary nail 1 18 6 Atrophic 98/95 12

20 M 37 32-C1 LCP 2 13 4 Hypertrophic 94/93 24

21 M 61 32-B2 LCP 1 12 5 Atrophic 95/93 16
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union, the rates of complications (defined as failure of

construct, infection, and other surgical complications), and

SF-36 scores [34].

Results

After employing our protocol, all the cases achieved

union. We have the union rate 100 % in total 33 cases, no

matter hypertrophic or atrophic nonunion. The average

union time was 5.3 months (range, 4–7). The mean fol-

low-up duration time was 24.8 months (6–60). No infec-

tions were noted postoperatively. Additionally, we did not

encounter patients with recalcitrant pain, hardware fail-

ure, or construct failure. No other complications were

noted in our series. No implant-related complications

(screw loosening or breakage) or loss of correction was

observed. Average scores noted on the physical function

and bodily pain components of the SF-36 were 96 (range,

90–99) and 94.2 (range, 92–99), respectively. Average

scores of the SF-36 are listed in Table 3.

Discussion

Femur shaft nonunion is common and frequently result

from poor operative techniques and infection [35, 36]. The

key factors leading to effective treatment for delayed

unions and nonunion are solid fixation, fracture compres-

sion and good bone contact in simple fracture patterns, and

osteogenic potential [9, 37–39]. Although multiple tech-

niques exist to address nonunions, nail or plate fixation has

always been controversies [8, 9, 11, 12, 14, 18–27].

Reamed exchange nail fixation has the unstable union rate

(range 53–96 %). In our experience, plate or nail has their

own advantages and limitations. We should consider the

previous fixation and whether it is still working. If the

previous fixation is nail, and it is still working, we can

provide an additional plate to enhance the stability and

bone graft. If the nail has been swinging in medullary canal

or breakage or causing deformity, we should remove it,

ream and exchange the bigger nail, or use plate. The nail

has several advantages such as minimally invasive, simple

procedure, and shorter operation time. Unfortunately, nail

can only provide relative stability and non-anatomic

reduction, especially for 32-B- or 32-C-type fractures with

bone defect or fragment displacement that will increase the

nonunion rate [36]. Plate fixation with bone grafting has

been shown to produce excellent results, while allowing for

adequate anatomic reduction with minimization of fracture

gap. However, some nonunions cannot be addressed with

conventional treatment techniques. In particular, OTA/AO

32-B/32-B or 32-C/32-C fractures that result in nonunions

are difficult to treat due to lack of medial side support

(comminution or bone defect). It is these nonunions, in

particular, that we feel our double locking plate construct

serves as a reasonable alternative.

Double-plate fixation has more stable union rate and

above 90 %. We think that the absolute stability offered by

double plate is more important for union. Because of the

potential for enhanced biomechanical support, locking

technology may offer advantages. In certain unstable frac-

ture patterns (OTA/AO 32-B and 32-C) which lack medial

support, locking plate constructs provide a distinct advan-

tage over nonlocking constructs. While plates placed lat-

erally help to counteract the tensile forces laterally (as the

plate acts as a ‘‘tension band’’), this construct is compro-

mised when there is lack of cortical support medially.

Anatomic reduction and more stable fixation will be

achieved with lateral locking plate fixation. The short plate

Fig. 1 Biologically preserving techniques for medial side locking

plate

Table 3 Average scores of SF-

36
Scale Score

Physical function 95.6

Bodily pain 94.3

Role-physical 95.3

General health 88.8

Vitality 87.6

Social function 95.5

Role-emotional 90.4

Mental health 89.1
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in the medial side can help about the reduction in the

medial fragment and strength the ability of anti-rotation

stability of the fracture. With a lateral locking plate serving

as the primary source of construct strength, the shorter

medial plate helps to support any gaps and distribution the

stress medially that could fatigue the lateral construct. In

such instances (where there is circumferential or atypical

bone loss), double plating is advantageous which can have

absolute stability, providing axial and torsional protection

(Fig. 2).

The results showed 100 % union rate which is higher

than nail exchange (53–96 %) and same as Parker’s

(100 %) and Martinez’s (100 %) study and higher than

Murray’s (94.1 %). Despite some of the patients

Fig. 2 A diagram shows the effect of the axial load with a single or

double locking plate in the presence of a medial cortical defect (AO

32-B/32-C-type fracture). a Femoral shaft fracture in the presence of a

medial cortical defect (AO 32-B/32-C: type fracture). b Femoral shaft

fracture with lateral locking plate. c Biomechanical forces, as

indicated by the red arrow (tensile stress and compression stress).

Stress concentration indicated by the black circle. The fracture is

unstable and can result in fixation failure and nonunion. d Femoral

shaft fracture addressed with double locking plate. e Double locking

plate allows for sound biomechanical stress transmission. The fracture

is stable, and union is readily achieved with autogenous cancellous

bone graft (color figure online)

Fig. 3 Case 1. a Femoral shaft nonunion with plate fixation at 9 months. b 12 months after double locking plate revision showed bone union
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undergoing several surgeries before our revision we still

have 100 % union rate that proves the effectiveness of

double locking plate. We have the longest 60-month fol-

low-up, and the SF-36 scores showed that the patients got

an improved functional status and were satisfied with

therapeutic effect. We have the highest score in physical

function which means that the patient could recover from

disease and get back to life. The average score is about 92

that can prove this technique can meet the patients’ needs

and have a satisfactory outcome. The average union time

was 5.3 months (range, 4–7), shorter than 7.2 months plate

augmentation [8] longer than the exchange nail

29.75 weeks [19].

The choice of bone grafting application is also an

important consideration (i.e., onlay, dual onlay, cancellous

inserts) [40–42]. In this study, we used 360� completely

surrounding fracture site autogenous bone grafting, as its

consistency allows us to manipulate it into the fracture site

effectively. This can supply sufficient bone matrix, marrow

cells, and relative cytokines to promote osteoblast prolif-

eration (Fig. 3).

We considered that this technique can be well applied to

femur nonunion, especially nonunion with medial defect or

comminuted fragments. The contraindication of this tech-

nique we consider is bad soft tissue, infection, massive

bone defect (more than 5 cm). The advantages include

absolute stability for biomechanics and better blood supply

and condition for osteoanagenesis and early functional

exercise. The disadvantages are that there may be stress

force shelter reaction in fixed bone segment. It needs more

time to get the entire bone remodeling (Fig. 4).

There are some limitations to this study. It is a retro-

spective descriptive study, and with this, the ability to fully

evaluate all forms and causes of nonunions are limited.

Furthermore, locking implants are costly, and one can

argue that nonlocking plates can work sufficiently in

double-plate orientation. However, we felt that the use of

locking plates is warranted, especially in nonunions with a

significant fracture gap, as they are more resistant to

deformation and failure. This may permit the patient to

ambulate sooner, which can provide much needed stimu-

lation for bone growth and proliferation.

Because of the low complication rates and the high

union rates, we feel that dual locking plating with auto-

genous bone graft is a successful another technique for

treating femoral shaft nonunions (particularly in those with

significant bone gaps). The stability of our fixation con-

struct can allow the patient to proceed with ambulation and

functional activities sooner with good results.
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