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Abstract

The majority of femoral fractures are surgically treated with intramedullary nails. Non-union rate is low but challenging and
costly if it occurs. There have been encouraging results from the use of augmentative plating as a treatment for non-union of
femoral fractures. We performed a systematic review of the literature to compare union rates, time to union and complica-
tions between exchange nailing and augmentative plating as a primary procedure following a diagnosis of femoral non-union
following initial nailing. We found a total of 21 papers, which found the mean union rate of augmentative plating to be 99.8%
compared to 74% (P =2.05"12) found for exchange nailing. Times to union were comparable at 5.9 months for augmentative
plating and 6.3 months for exchange nailing (P =0.68916), and complication rate was 4% for augmentative plating compared
to 20% for exchange nailing. From the evidence available, plate augmentation provides a more reliable union rate if used as
the first operative intervention on a non-union of a femoral fracture compared to exchange nailing.

Level of Evidence 1V Systematic review of therapeutic studies.

Keywords Femoral non-union - Femoral fracture - Intramedullary nailing - Adjunctive plating

Background

In the western world, the majority of displaced femoral dia-
physeal fractures are treated operatively using intramedul-
lary nails (IMNs) with early return to function and a low
incidence of complications [1]. When femoral non-unions
do occur, the treatment options can be time consuming,
challenging and expensive. Based upon a health economics
study from the UK, the cost of treating a femoral non-union
is at least £17,000 (US $22,000) per patient [2]. From the
patients’ perspective, femoral non-unions result in on-going
pain, altered gait, delayed return to work and psychosocial
impairment. Therefore, treatment methods that improve
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the likelihood of fracture union combined with a reduced
“time-to-union” are welcomed by clinicians and patients
alike. Currently the most common method of treating femo-
ral diaphyseal non-unions is to perform an exchange-nailing
procedure, whereby the original IM nail is removed, and
the femoral canal is reamed to stimulate the natural heal-
ing response. Reaming permits a larger diameter IMN to be
inserted thus improving the mechanical stability. Despite
this exchange, IM nailing is not as uniformly successful and
persistent non-unions do occur.

An alternative treatment is the augmentation of the IM
nail with a plate and screws, and this shows real promise at
reducing the incidence of persistent non-union following IM
nailing. If the clinical assessment determines the IMN has
maintained its structural integrity and unlikely to fail before
the fracture has healed, plate augmentation in isolation can
be undertaken. One major advantage to this technique is that
surgical exposure of the fracture site will permit the surgeon
to remove fibrous tissue and freshen the fracture ends as a
stimulus for healing; there is opportunity also for direct bone
grafting at the surgeon’s discretion.

In this article, we have conducted a comprehensive sys-
tematic review of the published literature on exchange IM
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nailing and on plate augmentation of femoral diaphyseal
fractures that were treated initially, but unsuccessfully, with
IMNS.

Methods
Identification and eligibility of relevant studies

A comprehensive literature search using Medline, EMBase,
Cochrane and CINAHL was conducted on the 11 April
2016, from inception to this date, identifying relevant studies
using the key words and terms “femoral fracture non-union,”
“exchange nailing” and “plate augmentation”. Inclusion cri-
teria were papers written in English and limited to surgical
procedures undertaken for aseptic femoral diaphyseal non-
unions that had been treated with an IMN initially and with
only one surgical revision procedure; infected non-unions
were excluded. Other inclusion criteria were use of a meas-
ure of “time to union” by the same radiological method:
this was bridging callus present on at least 3 cortices on the
anteroposterior and lateral radiographs of the femur. Details
of complications following surgery to treat the non-union
were noted.

Data extraction

Two reviewers screened the titles and the abstracts of all
potentially relevant publications independently. Full articles
were critiqued, and those judged to be eligible for consid-
eration in the study were examined in greater detail. Any
controversial papers were discussed in detail between the
two reviewers. If doubt still existed regarding suitability for
inclusion, the final decision for inclusion or exclusion was
undertaken by the senior clinician. Each paper was then
reviewed in turn to extract the following data using a stand-
ardised proforma including the following headings: study
design, patient age, gender, treatment method used to treat
the established femoral diaphyseal non-union, percentage
of patients obtaining union after the index procedure and
time to union according to established radiological criteria.
A proportion of the papers had included patients who had
had several previous operative attempts for established non-
union prior to the index intervention. Only those papers that
could provide a sufficient breakdown of each patient’s treat-
ment history undertaken prior to the index procedure were
included in our analysis. Only those individuals who had
undergone one procedure after developing a non-union were
considered. In addition to exchange nailing, some authors
described combining this technique with open bone graft-
ing of the fracture site for some patients within their series.
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Outcome measures

The primary outcome measure was radiographic union after
the index intervention. Radiographic union was defined as
bridging callus across at least three cortices on anteropos-
terior and lateral views of the femur. The secondary out-
come measure was the time to union measured in months.
The tertiary outcome measure was the incidence and sever-
ity of perioperative and postoperative complications. The
prevalence of use of bone grafting in both techniques was
recorded.

Due to significant study heterogeneity, particularly with
regard to the methods and timing of patient follow-up fol-
lowing the index procedure, it was deemed inappropriate to
pool the data from the published articles for meta-analysis.
A narrative approach was used.

Statistics

The Chi-squared test was used to compare the union rate
between the two surgical treatments exchange nailing and
augmentation plating. Time to union was compared using
the Mann—Whitney U test between the two surgical inter-
ventions. Analysis was performed using the SPSS statistics
software (SPSS Science Inc, Chicago, Illinios, USA).

Results

Our initial literature search identified 396 suitable stud-
ies for further evaluation. Removal of duplicated titles left
182 studies. Of these, 158 were omitted because the title
or abstract did not fulfil the inclusion criteria. The remain-
ing 28 studies were analysed in detail. Seven further studies
were excluded subsequently because of either: (a) an inabil-
ity to isolate patients that had undergone only one procedure
to treat the non-union or; (b) where the time to radiographic
union was not accurately recorded. The flowchart in Fig. 1
illustrates our compliance to the PRISMA method of sys-
tematic review. Twenty-one papers remained for analysis.
The papers included: one cohort study comparing the two
methods [3]; one randomised control trial comparing closed
versus open bone-grafting techniques along with exchange
nailing [4]; one cohort series comparing the effect of ream-
ing size when exchanging the nail [5]; seven exchange-nail-
ing case series [6—13]; one cohort series comparing aug-
mented plating versus exchange plating [14]; and ten plate
augmentation case series [15-23]. Tables 1 and 2 include
details of the papers grouped according to exchange IMN
and plate augmentation, respectively.

The union rate with plate augmentation was 99.8%
(190/191) compared to 74% (190/257) with exchange
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Fig. 1 PRISMA method of

systematic review. Moher et al.
(2009) [31]

Records identified through
database searching
(n=396)

Additional records identified
through other sources
(n=0)

Identification

[

)

Records after duplicates removed
(n=182)

Eligibility Screening

Included

nailing. This difference was statistically significant (Chi-
squared, p=2.05"'2). Time to radiographic union averaged
5.9 months (4-8 months) following plate augmentation
in comparison with 6.3 months (4—9 months) following
exchange nailing. No statistically significant difference was
demonstrated using the Mann—Whitney U test (p=0.68916).

Complications included persistence of the aseptic non-
unions requiring yet further surgery and three deep infec-
tions at the site of non-union following exchange nailing.
One deep infection occurred at the site of a non-union after
plate augmentation. Plate augmentation was also associated
with its own specific complications which included three
superficial infections treated successfully with dressings
and antibiotics and plate prominence requiring removal
after union.

Bone grafting in the exchange-nailing cohort was used
10% of the time compared to 79% of the time in the aug-
mented plate group. Unfortunately the data for these cases
were not presented separately to enable analysis, but within
the exchange-nailing group, studies that used bone grafting
[5,7, 10, 13] led to a union rate of 91%.

A 4

Records excluded
(n =158)

Records screened
(n=182)

A 4

A 4

Full-text articles assessed
for eligibility
(n=28)

Full-text articles excluded,
with reasons
(n=7)

A 4

Studies included in
qualitative synthesis
(n=21)

Discussion

The current gold standard treatment for an established femo-
ral diaphyseal non-union is exchange IM nailing. Our find-
ings in a systematic review of the literature suggest there
is evidence to support plate augmentation as an alternative
approach. Direct comparisons in the literature between the
two methods of treatment are difficult given the differences
in study designs. However, there is a very high radiographic
union rate achieved in all of the plate augmentation studies
compared with the lower union rates of exchange nailing
documented in 10 of the 11 studies included in our analysis.
Where union was successful, the time to union was similar
for both surgical techniques.

Most aseptic diaphyseal non-unions of the femur are
thought to occur due to mechanical instability, predomi-
nantly rotational instability [24, 25]. Exchange nailing
to a larger diameter nail goes some way to improving the
biomechanical environment as larger diameter IMNs are
torsionally stiffer. In addition, provided the intramedullary
canal is not reamed excessively, better frictional contact
can be achieved between the nail and surrounding bone by
increasing the surface diameter of the IMN. Park et al. [26]
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share this opinion and have added that non-isthmal fractures
decrease fracture stability since the IMN can no longer make
contact with the inner aspect of the cortical bone at the level
of the fracture. They postulate that fractures that occur out-
side the isthmus are prone to non-union since IMN-bone
stability becomes increasingly dependent upon the stability
offered by the proximal and distal locking screws that have
significantly poorer biomechanical properties compared
with the IMN itself. Another major consideration is that the
majority of modern IMNs are made from titanium that have
a Young’s modulus of approximately 60% of stainless steel.
This alloy is the material of choice for many as it is more
resistant to fatigue failure as compared with stainless steel.
For this reason, the implant industry has manufactured IMNs
that have very distally placed cross-screw holes without an
associated high risk of IMN failure. Although these extreme
distal locking options are advantageous for treating very dis-
tally placed fractures within the metaphyseal region of the
femur, extreme distal locking adds no advantage when treat-
ing diaphyseal fractures. Long cross-screws are mechani-
cally inferior to shorter ones and the degree of instability
is further accentuated from the poorer hold that distally
placed cross-screws have in the surrounding metaphyseal
bone where the cortices are much thinner compared to the
meta-diaphysis area. Titanium cross-screws are also more
flexible than stainless steel screws, so the combination of
increased cross-screw length and increased cross-screw flex-
ibility can significantly reduce IMN-bone construct stability
especially with respect to rotational forces [26]. Very distal
locking options have perhaps led to an increased risk of non-
union, and most of the papers assessed used these IMNs.
Although it is recognised that IMNs are good at resisting
bending forces and maintaining axial stability, their reduced
rotational stability cannot be improved unless shorter and
broader IM nails are used. These would permit shorter and,
therefore, more mechanically stable cross-screws to be
inserted. Careful consideration of the length of IMN that
is required to treat each fracture type is needed without
reverting to the long accepted “reinforcing the whole of the
bone” concept. In this way, it may be possible to reduce the
incidence of non-unions happening in the first instance and
to improve the overall success rate after exchange nailing.
However, plate augmentation would appear to be a promis-
ing alternative way of achieving fracture stability but avoid-
ing the potentially negative effects to the abductor mecha-
nism and soft tissues when exchanging an IMN.

The importance of rotational instability in femoral dia-
physeal non-unions is exemplified by attempts to encourage
union through dynamising femoral nails; the subsequent
union rates are less than 50% and are associated with a risk
of significant limb shortening by more than 2 cm [27-29].
Dynamisation increases axial loading of the fracture and
should, in theory, encourage bone healing, but unless the
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bone ends can interlock in a way that restores rotational con-
trol, the instability and mechanical environment for healing
will be made worse by the removal of one or more of the
distal cross-screws.

Plate osteosynthesis used in isolation after removal of
an intramedullary nail has been described in association
with insertion of bone graft [30], but plates used alone are
unpopular as patients have to comply with restricted weight
bearing to reduce the risk of plate failure. By comparison,
plate augmentation of a femur already stabilised by an IMN
offers the advantages of a more favourable mechanical
environment for bone healing and that of immediate weight
bearing after surgery. In most of the papers reviewed, the
preferred plate and screw system was a 4.5-mm compression
plate, being either low contact or standard plate design. The
recorded success suggests these implants are stiff enough to
resist the rotational forces present at a femoral non-union
and, when applied in a compression mode, may also help to
limit excessive axial displacement.

Bone grafting was used more widely in the plating group
as compared to the exchange-nailing group most likely
because the non-union site was exposed during this proce-
dure. Unfortunately, these patients’ data were never sepa-
rated or analysed except for one paper [7] where a small
improvement in union time was found but not statistically
significant.

The complication rates for exchange nailing were 20%
compared to 4% for plate augmentation. However, if failure
to achieve satisfactory bone union is excluded, plate aug-
mentation is associated with a 4% complication compared
with 1% for exchange nailing. This may relate to the risk of
infection that accompanies larger surgical approaches that
communicate with the site of non-union. In comparison,
revision nailing is not a benign procedure; often removal
of the nail and insertion of another can lead to substantial
damage to the abductor muscles and their insertions.

The limitations to this study include it being a systematic
review of low-level evidence studies, mostly level IV case
series, involving relatively small numbers of patients. The
fractures are heterogenous. The definition of non-union dif-
fered in the papers which may have led to some over- or
under-treatment of the non-union. Using radiographic time
to union is notoriously difficult as opinions vary and the tim-
ing of clinical reviews is not consistent. The majority of the
papers failed to perform patient-reported outcome measures.

Conclusion

The results of plate augmentation are at least as good as
and perhaps better than exchange IM nailing for treating
established femoral diaphyseal non-unions that had been
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primarily stabilised using an IMN. The time to union fol-
lowing the plate augmentation or exchange nailing is similar.

Bone grafting around the fracture site can be an adjunct
for successful union.

Both techniques are associated with a low incidence of
complications. Although postoperative infection is more
common following plate augmentation, the incidence of
serious deep-seated infection would appear to be no higher
when compared with exchange IMN.

Authors contribution G. Medlock and I. Stevenson contributed to all
aspects of production of the manuscript. A. Johnstone contributed to
all parts of production except data acquisition. All have been involved
with drafting and critical review and have approved the final version
for production.

Funding This study received no funding.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval This was a review of other studies involving humans
and the authors sort ethical approval appropriately.

Informed consent No informed consent was required as this was a
systematic review of other papers.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Winquist RA, Hansen ST Jr., Clawson DK (2001) Closed
intramedullary nailing of femoral fractures. A report of five hun-
dred and twenty cases. 1984. ] Bone Joint Surg Am 83-A(12):1912

2. Kanakaris NK, Giannoudis PV (2007) The health econom-
ics of the treatment of long-bone non-unions. Injury 38(Suppl
2):S77-84

3. Park J, Kim SG, Yoon HK, Yang KH (2010) The treatment of
nonisthmal femoral shaft nonunions with im nail exchange versus
augmentation plating. J Orthop Trauma 24(2):89-94

4. Wu CC, Chen WJ (1997) Treatment of femoral shaft aseptic
nonunions: comparison between closed and open bone-grafting
techniques. J Trauma 43(1):112-116

5. Wu CC (2007) Exchange nailing for aseptic nonunion of femoral
shaft: a retrospective cohort study for effect of reaming size. J
Trauma 63(4):859-865

6. Banaszkiewicz PA, Sabboubeh A, McLeod I, Maffulli N (2003)
Femoral exchange nailing for aseptic non-union: not the end to all
problems. Injury 34(5):349-356

7. Furlong AJ, Giannoudis PV, DeBoer P, Matthews SJ, MacDonald
DA, Smith RM (1999) Exchange nailing for femoral shaft aseptic
non-union. Injury 30(4):245-249

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Shroeder JE, Mosheiff R, Khoury A, Liebergall M, Weil YA
(2009) The outcome of closed, intramedullary exchange nailing
with reamed insertion in the treatment of femoral shaft nonunions.
J Orthop Trauma 23(9):653-657

Swanson EA, Garrard EC, Bernstein DT, O’ Connor DP, Brinker
MR (2015) Results of a systematic approach to exchange nailing
for the treatment of aseptic femoral nonunions. J Orthop Trauma
29(1):21-27

Tsang ST, Mills LA, Baren J, Frantzias J, Keating JF, Simpson
AH (2015) Exchange nailing for femoral diaphyseal fracture non-
unions: risk factors for failure. Injury 46(12):2404-2409

Weresh MJ, Hakanson R, Stover MD, Sims SH, Kellam JF, Bosse
MJ (2000) Failure of exchange reamed intramedullary nails for
ununited femoral shaft fractures. J Orthop Trauma 14(5):335-338
Wu CC, Shih CH, Chen WJ, Tai CL (1999) Treatment of ununited
femoral shaft fractures associated with locked nail breakage: com-
parison between closed and open revision techniques. J Orthop
Trauma 13(7):494-500

Yu CW, Wu CC, Chen WIJ (2002) Aseptic nonunion of a femo-
ral shaft treated using exchange nailing. Chang Gung Med J
25(9):591-598

Jiang L, Pan Z, Zheng Q (2014) Augmentation plating in
hypertrophic non-union after nail fixation of femoral shaft
fracture compared with exchange plating. Chin Med J (Engl)
127(16):2900-2905

Chen CM, Su YP, Hung SH, Lin CL, Chiu FY (2010) Dynamic
compression plate and cancellous bone graft for aseptic nonun-
ion after intramedullary nailing of femoral fracture. Orthopedics
33(6):393

Choi YS, Kim KS (2005) Plate augmentation leaving the nail
in situ and bone grafting for non-union of femoral shaft fractures.
Int Orthop 29(5):287-290

Hakeos WM, Richards JE, Obremskey WT (2011) Plate fixation
of femoral nonunions over an intramedullary nail with autogenous
bone grafting. J Orthop Trauma 25(2):84-89

Jhunjhunwala HR, Dhawale AA (2015) Is augmentation plating an
effective treatment for non-union of femoral shaft fractures with
nail in situ? Eur J Trauma Emerg Surg Apr:29

Lin CJ, Chiang CC, Wu PK, Chen CF, Huang CK, Su AW et al
(2012) Effectiveness of plate augmentation for femoral shaft non-
union after nailing. J Chin Med Assoc 75(8):396-401

Nadkarni B, Srivastav S, Mittal V, Agarwal S (2008) Use of lock-
ing compression plates for long bone nonunions without removing
existing intramedullary nail: review of literature and our experi-
ence. J Trauma-Inj Infect Crit Care 65(2):482—-486

Said GZ, Said HG, El-Sharkawi MM (2011) Failed intramedullary
nailing of femur: open reduction and plate augmentation with the
nail in situ. Int Orthop 35(7):1089-1092

Ueng SW, Chao EK, Lee SS, Shih CH (1997) Augmentative plate
fixation for the management of femoral nonunion after intramed-
ullary nailing. J Trauma 43(4):640-644

Ye J, Zheng Q (2012) Augmentative locking compression
plate fixation for the management of long bone nonunion after
intramedullary nailing. Arch Orthop Trauma Surg 132(7):937-940
Park K, Kim K, Choi YS (2011) Comparison of mechanical
rigidity between plate augmentation leaving the nail in situ and
interlocking nail using cadaveric fracture model of the femur. Int
Orthop 35(4):581-585

Ma X, Wang M, Zhang B, Wang Z, Lang Y, Gong X (2015) Anti-
rotational plates with intramedullary nailing stabilize femoral
shaft fracture nonunion: a biomechanical study. Int J Surg Res
Pract 2(2):2-3

Park J, Yang KH (2013) Indications and outcomes of augmenta-
tion plating with decortication and autogenous bone grafting for
femoral shaft nonunions. Injury 44(12):1820-1825

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

128

Strategies in Trauma and Limb Reconstruction (2018) 13:119-128

217.

28.

29.

Pihlajamaki HK, Salminen ST, Bostman OM (2002) The treatment
of nonunions following intramedullary nailing of femoral shaft
fractures. J Orthop Trauma 16(6):394-402

Wu CC (1997) The effect of dynamization on slowing the heal-
ing of femur shaft fractures after interlocking nailing. J Trauma
43(2):263-267

Wu CC, Chen WJ (1997) Healing of 56 segmental femoral shaft
fractures after locked nailing. Poor results of dynamization. Acta
Orthop Scand 68(6):537-540

@ Springer

30. Ring D, Jupiter JB, Sanders RA, Quintero J, Santoro VM, Ganz

31.

R et al (1997) Complex nonunion of fractures of the femoral
shaft treated by wave-plate osteosynthesis. J Bone Joint Surg Br
79(2):289-294

Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group
(2009) Preferred reporting item for systematic reviews and meta-
analyses: the PRISMA statement. PLoS Med 6(6):1000097. https
://doi.org/10.1371/journal.pmed 1000097


https://doi.org/10.1371/journal.pmed1000097
https://doi.org/10.1371/journal.pmed1000097

	Uniting the un-united: should established non-unions of femoral shaft fractures initially treated with IM nails be treated by plate augmentation instead of exchange IM nailing? A systematic review
	Abstract
	Background
	Methods
	Identification and eligibility of relevant studies
	Data extraction
	Outcome measures
	Statistics

	Results
	Discussion
	Conclusion
	References




