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INTRODUCTION

This article describes an evidence-based
approach to the treatment of aseptic tibial and
femoral diaphyseal nonunions without segmental
defects. The evidence for current best practices
was obtained by searching the English-language
literature for articles published from January
2005 through January 2015. The authors system-
atically searched Medical Literature Analysis and
Retrieval System Online (MEDLINE) using the key
terms: “fractures, ununited” or “nonunion” or
“nonunions”, “tibia” or “tibial” or “femur” or
“femoral”, and “treatment”. The search was

limited to adults (age �18 years). The results
were 860 potential articles. We then reviewed the
abstracts of all of these articles to identify the rele-
vant papers.

We excluded articles reporting treatment of only
infected nonunions or segmental defects. We
excluded case reports, review articles, and tech-
nique papers that did not report results of treat-
ment. We excluded papers reporting treatment of
failed arthroplasty, failed arthrodesis, tumor resec-
tion, nonunions involving the articular surface,
metaphyseal or epiphyseal nonunions, nonunions
following periprosthetic fracture, and nonunions
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KEY POINTS

� The presence of in situ hardware is a primary determinant of nonunion treatment.

� Aseptic diaphyseal nonunion of the tibia or femur without segmental defect and with an in situ nail
are best managed with augmentative plating or exchange nailing.

� Aseptic diaphyseal nonunion of the tibia or femur without segmental defect and with in situ plate
and screw fixation are best managed with revision plate and screw fixation and bone graft.

� Various bone graft methods, including intramedullary reaming, autogenous iliac crest bonemarrow,
and reamer-aspirator-irrigator technique, facilitate healing.

� Biologic implants (eg, recombinant human bone morphogenetic protein, platelet gel) and nonoper-
ative treatments (ultrasound, electrical shock wave therapy) are associated with relatively high heal-
ing rates in most reports.
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following pathologic fractures. Finally, we
excluded articles that had insufficient detail or
contained large variation in the reported nonunion
types or treatments. This process left 41 articles
(25 femur, 22 tibia, 6 both) that we retrieved and re-
viewed in full.

FEMUR
Augmentative Plating

Eight articles described the use of augmentative
plating, the use of plate and screw fixation in addi-
tion to an in situ intramedullary nail, with autoge-
nous bone grafting for aseptic femoral
diaphyseal nonunions (Table 1).1–8 All 147 cases
reported in these 8 papers healed (100% union
rate) with average times to union ranging from
4.3 to 7.5 months.
In 2005, Choi and Kim1 reported a 100% union

rate for 15 aseptic femoral nonunions treated
with augmentative plating using an AO plate. In
2009, Birjandinejad and colleagues2 reported a
100% union rate for 25 aseptic femoral nonunions
treated with augmentative plating using a lateral
4.5 mm broad dynamic compression plate (DCP)
for midshaft nonunions with bone graft from the
ipsilateral iliac crest for cases with less than 50%
cortical contact (dynamic condylar screws or
blade plates were used for proximal or distal non-
unions but these were not reported separately
from the overall series). The following year, Chen
and colleagues3 reported a 100% union rate and
good-to-excellent functional outcomes for 50
aseptic femoral shaft nonunions treated with
augmentative plating using a broad 4.5 mm DCP.
Also in 2010, Park and colleagues4 reported a
100% union rate for 11 aseptic femoral shaft non-
unions treated with augmentative plating using
compression plates.
Gao and colleagues5 reported a 100%union rate

for 13 aseptic nonisthmic femoral nonunions
treated with augmentative plating using locking
plates. Hakeos and colleagues6 reported a 100%
union rate for 7 nonunions treated with an augmen-
tative plating technique that included removing the
interlocking screws at 1 end of the in situ nail,
applying compression intraoperatively via the plate
or an articulated tensioning device, and then re-
placing the interlocking screws before DCP fixa-
tion. One subject had a postoperative infected
hematoma and 1 had a residual leg length discrep-
ancy. Said and colleagues7 reported a 100% union
rate for 14 aseptic femoral nonunion treated with
augmentative plating with a 4.5 mm broad DCP.
In 2012, Lin andcolleagues8 reporteda100%union
rate for 22 femoral shaft nonunions treated with
augmentative plating using a 4.5 mm broad DCP.

Blade Plate Fixation

In 2006, de Vries and colleagues9 reviewed a
consecutive series of 33 aseptic subtrochanteric
femoral nonunions that had a variety of prior failed
methods of internal and external fixation. The sub-
jects were treated with hardware removal, blade
plate, and autologous bone graft (13 cases), or
demineralized bone matrix (DBM; 10 cases). Five
infected nonunions were included but were not re-
ported separately from the overall series. Union
was achieved in 32 of the 33 nonunions (97%).

Intramedullary Nail Fixation

We identified 3 articles reporting the use of intra-
medullary nailing to treat a total of 70 aseptic
femoral shaft nonunions, with an overall union
rate of 83% in 4 to 8 months.
In 2007, Niedzwiedzki and colleagues10 re-

ported on 22 cases of aseptic femoral shaft non-
unions treated with locked intramedullary nail
fixation using nails 11 to 16 mm in diameter and
0.5 mm over-reaming. Although all cases had un-
dergone 3 to 8 prior surgeries, these surgeries
were not described except that 13 had failed at
least 1 prior nailing. In addition, several cases
were treated with either exchange nailing or with
augmentative plating with intramedullary nailing;
these cases were not reported separately. The
union rate was only 59%. In 2009, Wu11 reported
a union rate of 89% for 18 aseptic, atrophic supra-
condylar femoral nonunions with in situ plate and
screw fixation treated with hardware removal,
debridement, a 12 mm diameter retrograde nail
with 1 mm over-reaming, dynamic locking, and
autogenous bone graft. In 2009, Megas and col-
leagues12 reported a 97% union rate for 30 aseptic
femoral shaft nonunions (25 atrophic) with an in
situ plate treated with hardware removal, debride-
ment, bone grafting in atrophic cases, and ante-
grade reamed intramedullary nailing with 1.5 mm
of over-reaming. The nails were dynamically
locked in 22 atrophic cases and statically locked
in the 5 hypertrophic cases and in the 3 atrophic
cases with 1 to 2 cm of shortening, for which the
defect was filled with autogenous iliac crest bone
graft at the time of intramedullary nailing.

Exchange Nailing

We located 8 publications reporting results of ex-
change nailing for a total of 266 aseptic femoral
shaft nonunions, with an overall union rate of
89%with time to union ranging from 4 to 8months.
In 2007, Wu13 reported a 92% union rate in 74

aseptic nonunions of the femoral diaphysis treated
with exchange nailing including over-reaming by at
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