
Introduction
Despite recent developments in fracture

treatment and in spite of aggressive and uncom-
plicated initial stabilization, cases of failed
union after a long bone fracture still are encoun-
tered. In many cases, it is difficult to determine
at the time of initial treatment which fractures
will unite and which will require additional pro-
cedures to achieve union. Nonunion of the tibial
fractures is a serious complication prolonging
patient morbidity, time lost from work, and eco-
nomic hardship. Moreover, nonunion and re-

peated surgeries are a cause of considerable
pain and disability in these patients because of
stiffness of neighboring joints, deformity, and
limb length discrepancy. Better understanding
of the mechanics of fracture stabilization and of
biologic requirements of fracture healing has
improved the outcome in these difficult cas-
es[1].

It is important to consider the possibility of
infected versus non-infected cases, and the po-
tential for healing whether it is hypertrophic
(viable) or atrophic (nonviable) for planing the
nonunion treatment. Broadly the principles of
treatment can be outlined as provision of stabil-
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ity, osteogenic potential, and control of infec-
tion. Viable bone fragments, adequate autoge-
nous bone grafts, and bone marrow surrounded
by a well-vascularized soft tissue envelope can
serve as a reservoir of mesenchymal cells,
which are capable of transforming into carti-
lage and bone-forming cells. A successful out-
come can be achieved by simple functional cast
bracing [2], stable fixation with or without bone
grafting [1,3-6], exchange nailing [7-9], exter-
nal fixation10, and two-stage procedures [10]. 

Intramedullary nailing is a standard proce-
dure in the treatment of closed and open tibial
shaft fractures. Favorable results have been
achieved using both reamed and unreamed
techniques, with recent reports noting a 90%
union rate11-13. This implant is thought to pro-
vide adequate mechanical stability. However,
non-reamed tibial nailing is not without com-
plications: Implant failure, usually screw
breakage, and delayed fracture consolidation
often compromise clinical outcomes [11,14-
16]. Furthermore, experimental investigations
have shown that reaming increases periosteal
circulation, which may benefit callus formation
and union [17]. It has been shown that reamed
intramedullary nailing of lower extremity long
bone fractures significantly reduces rates of
nonunion and implant failure in comparison
with non-reamed nailing [18]. Unlocked nail-
ing for tibial shaft fractures is a simple and valu-
able method especially in the treatment of mid-
dle-third fractures but cast immobilization is re-
quired due to its essentially poor control of rota-
tion [19]. Interlocked nailing gives stable fixa-
tion without cast immobilization, which results
in a greater ability for the patients to return to
their previous work 6 months after surgery [20].

Our method to treat non-union and delayed
union was to perform an interlocked in-
tramedullary nailing with reaming. This method
achieves the two basic principles of treatment:
stable fixation of the fracture site and physio-
logic inter-fragmentary compression by early
weight bearing. Experience with this technique

for the femur has shown it to be safe and effec-
tive21. However, its application for the tibia is
more controversial, and there is much less ex-
perience than its use in the femur. 

For these reasons, the indication, technique,
and outcome of reamed interlocking in-
tramedullary nailing in the tibia require further
clarification. Therefore, the purpose of this
clinical study was to evaluate the results of this
technique.

Methods
From the 2003 to year 2005, 29 consecutive

patients with a non-infected tibial delayed
union or nonunion after initial therapy were ad-
mitted and treated by protocol using reamed in-
terlocking intramedullary nail at our center.
There were 27 male and 2 female with a mean
age of 34 years old ranging from 18 to 64 years
old.

Inclusion criteria were as follow: initial treat-
ment of the tibial shaft fracture associated with
a non-infected nonunion or delayed union of
the tibial shaft. Exclusion criteria included in-
fected nonunion or infected delayed union as
determined by biochemical or clinical markers
and inappropriate site of fracture for performed
intramedullary nailing. 

Terminology
A nonunion was considered to be established

when there was no bridging cortical bone on at
least three of four cortices using antero-posteri-
or and lateral radiographs and the fracture site
did not show any visible progressive signs of
healing within 6 months on serial radiographs.
Delayed union was also taken into account
when the fracture site did not show any visible
progressive signs of healing within 3 months
after the fracture. Union was defined as painless
full weight bearing combined with bridging
cortical bone on at least three of four cortices on
antero-posterior and lateral radiographs
[22,23]. Amalunion was defined as more than 5
degrees of varus/valgus; more than 10 degrees
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of anterior/posterior angulation; more than 15
degrees of rotation; or shortening of more than
1 cm [23-25]. Malrotation was evaluated by
comparing the amount of rotation with the un-
injured lower extremity. After identification of
the patients, a careful retrospective review of
radiographs and medical records was per-
formed to document mechanism of injury, asso-
ciated injuries, associated soft-tissue damage,
associated diseases, smoking habits, type of
nonunion, additional procedures, and date of
achieved union.

Initial presentation and treatment
Fracture sites were in 5 cases (17%) in the

proximal one-third tibia, 18 cases (62%) in the
middle one-third tibia, and 6 cases (21%) in the
distal one-third tibia. Among all patients, 27
fractures (93%) were originally open injuries
(Fig. 1.): type I (2 cases, 7%), type II (4 cases,
14%), and type III (21 cases, 72%): type IIIA (9
cases, 31%) and type IIIB (12 cases, 41%). The
initial treatments of our cases are listed in table
1, while two patients (7%) had autogenous iliac
crest bone grafting at the time of previous sur-
gery. Among all 29 cases, 19 cases (66%) devel-
oped an atrophic............, whereas 10 cases
(34%) presented with hypertrophic delayed or
non union. Mean of the period between the pre-
vious treatment to admission in our center and
perform the operation was 14 months ranging
from 5 to 24 months.

Pre-operative infection workup
The presence of an infected nonunion was

carefully scrutinized in all patients by protocol.
Each patient was screened for clinical signs of

infection and biochemical markers including
complete blood count, erythrocyte sedimenta-
tion rate, and C-reactive protein. In addition, in-
tra-operative cultures were obtained from the
fracture site or the intra-medullary canal and an
immediate Gram’s stain was performed on all
patients. According to our protocol, patients
who were not considered for performing
reamed nailing if they had any screening mark-
er suggested an infected nonunion. Patients
with positive preoperative infection signs or
positive intra-operative Gram’s stains were
managed with nail removal, reaming of the in-
tramedullary canal, debridement, external fixa-
tion, 6 weeks of antibiotics, and eventually au-
togenous bone graft. Patients were not dis-
charged from the hospital until the final results
of the aerobic and anaerobic intra-operative
cultures were obtained.

Treatment and procedures
Standardized methods for administrating

prophylactic antibiotics (intravenously admin-
istrating 1 gram of cefazolin every six hours
starting at the operation room and continued for
72 hours) were followed and the reamed inter-
locking IMN technique was performed for all
patients. I all cases the fracture siteswere appro-
priate for performing intramedullary nailing
(from 4cm distal to the tibial tuberosity to 4cm
above the plafond) and no infectious collec-
tions or drainage were seen in the place. Ac-
cording to the surgeon’s preference, a fibulecto-
my was performed. The average operative time
of the reamed nailing procedure was 85 minutes
(range, 50–150 minutes) and the average ap-
proximate external blood loss was documented
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Table 1. Initial treatments after the fractures. Fig. 1. Distribution of open fractures in types.
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as 210cc (range, 50cc–500cc). The postopera-
tive protocol restricted the weight bearing in
patients for 2 weeks after reamed nailing to al-
low for soft-tissue healing process. After 2
weeks, full weight bearing was permitted. The
standard follow-up intervals were 2, 6, 10, and
16 weeks, and every 6 weeks thereafter until
full recovery.

Results
The mean follow up was 2.9 years ranging

from 1 to 4 years. General and demographic in-
formation of the patients are shown in Table 2.
All 29 patients were interviewed and examined.
The average length of time for fractures to
achieve union was 7.6 months. Except one, all
the patients (97%) had gradual improvement of
their failed union and achieved union. 

For 20 patients, the operation was done
through a close fixation and the fracture sur-
rounding remained intact. In this group, union
achieved with the mean time of 7.1 months
ranging from 5 to 11 months. The remaining 9
patients who had autogenous bone grafting

from iliac crest due to their atrophic non-
unions, achieved union with the mean time of
8.7 months ranging from 5 to 15 months. Nev-
ertheless, fibular osteotomy was performed in 5
cases. Figures 3 and 4 depict two cases with
non-union before and after the surgery.

The only patient with nonunion after our pro-
cedures, was a 42 year old man with an open
fracture, type IIIB that had gone under external
fixation on the previous operation. After 12
months, he was admitted to our center and after
removing the EF, antibiotic therapy was per-
formed for 2 weeks. Consequently, he under-
went our procedure for close fixation of reamed
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Table 2. General and demographic information.

Fig. 3. The left picture shows a tibial non-union after
using external fixation. The right one depicts union
achievement after 8 months of the surgery by IMN and
bone grafting.

Fig. 4. The left picture shows a tibial non-union after
using IMN as the primary treatment. The right one depicts
union achievement after 9 months of the surgery by IMN
exchange and bone grafting.
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interlocking IMN, but a severe infection at the
site was seen after 6 weeks; therefore, Ilizarov
system was fixed as a treatment.

In 2 cases (6.8%), superficial infection was
seen in the site of screws and was handled by re-
moving the screws, irrigating, debriding, and
antibiotic therapy. Checkrein deformity oc-
curred in a 30 year old man who underwent the
surgery for a distal fracture of tibia and was
treated with lengthening of the flexor hallucis
longus. In one patient, a fracture was noted at
the distal to the nail which was taken care of
with casting. Valgus deformity (15° and 12°)
was also seen in 2 cases (6.8%) that was taken
place in distal fractures. Bone shortening (2cm
and 3cm) was noted in 2 cases which was treat-
ed with heel lifting. In 10 cases (34%), de-
creased range of motion (15° to 20°) was seen
in ankle and was more often in the patients with
history of burdening a long time external fixa-
tor. Six cases (20%) had a decreased range of
motion (about 15°) in the knee joint. Moreover,
two patients suffered from a discomfort where
the graft was taken from and eight patients
(28%) complained from a knee pain that was
tolerable.

Discussion
The management of delayed union and

nonunion of the tibia is one of the most chal-
lenging problems facing the orthopedic sur-
geon. Nonunion of the tibia is considered the
most frequently observed long bone nonunion;
and its importance as a weight-bearing bone un-
derlies the need for predictable techniques in its
treatment. Reasons for failure of bony healing
at the fracture site include the amount of initial
fracture displacement, the poor condition sur-
rounding the soft tissue envelope, and the mi-
cro-vascular compromise at the fracture site.
The vascularity of the nonunion (i.e., hyper-
trophic or atrophic) is also a determining factor
in bone healing because vascular or hyper-
trophic nonunion presented less of a treatment
problem than atrophic nonunion. The common

goals of treatment are to achieve union, prevent
axial or rotational mal-alignment, prevent vari-
ability in limb lengths, prevent and treat estab-
lished infection, and finally allow functional
restoration of the limb.

Hypertrophic nonunionof bone typically re-
flects inadequate immobilization and simply
requires stable fixation because nonunion is
well-vascularized. Provision of stable skeletal
fixation without disruption of the blood supply
typically resulted in union in these patients. At-
rophic nonunion reflected inadequate or poorly
vascularized nonunion with a very poor poten-
tial for bone forming cells. In such a condition it
is necessary to resect nonviable bone, inflam-
matory tissue, fibrous tissue, or synovial tissue
and the generated defects must be grafted by
autogenous bone grafts to ensure sufficient
mesenchymal cells, which also provide scaf-
folding, growth and differentiating factors to
promote early healing, in addition to skeletal
stabilization [1]. 

Intramedullary nailing is a weight-bearing
system with many advantages that afford
enough stability to allow unrestricted motion at
three months postoperatively, despite that the
fracture may need many more months to heal.
This and the avoidance of a large local dissec-
tion are important in preventing residual foot
and ankle stiffness. An uncomplicated closed
nailing causes a minimal insult to the leg.
Avoidance of a six month period of non-weight
bearing as may be required in some other treat-
ments, has definite benefit to the active patient.
Reaming provides better purchase for the nail
in both fragments, resulting in much more sta-
ble fixation than use of non-reamed nails. In the
absence of infection, over-reaming with inser-
tion of a larger diameter nail provides stability
and local osteogenic material produced by
reaming [26]. As supported by experimental
studies, extensive reaming stimulated pe-
riosteal vascularity and new bone forma-
tion[17,27–29].

All patients, except one have achieved union
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after a few months using reamed interlocking
intramedullary nailing. Most of the patients un-
derwent this procedure through a close fixation
of the fracture site. The patients who needed au-
togenous bone grafting, underwent an open fix-
ation and the mean of their union time was a
month more than the closed group. 

The union rate obtained in this study com-
pares favorably with previous clinical studies
reviewing reamed nailing for treating nonunion
[30-33]. The union rate in our study was 97%
and there was no additional open bone grafting
or exchange reamed nailing after the operative
treatment in ours cases; while Templeman et
al.32, Mercado et al [31], Court-Brown et
al.[30], and Wu et al.[33] respectively reported
a union rate of 93%, 97%, 100%, and 100%
considering additional open bone grafting or
exchange reamed nailing at a later stage respec-
tively for 14%, 6%, 12%, 4% of their patients.
The reoperation rate and the need for additional
open bone grafting are important variables in
the evaluation of nonunion procedures, because
osseous union cannot be considered solely as a
result of reamed nailing if additional open bone
grafting is performed at a later stage. From this
perspective, we feel that the results obtained in
this study are favorable. In infected tibial
nonunions, intramedullary nailing resulted in
union rates of between 50 and 89% [34-37]. Be-
cause of adverse outcomes, previous investiga-
tors have cautioned against the use of in-
tramedullary nailing in infected tibial nonunions
[34,36]. Previous authors investigating the
safety and efficacy of reamed nailing in the
treatment of non-infected tibial nonunion have
pointed out that this patient population is at risk
for postoperative infections [30,32,33]. Tem-
pleman et al. even cautioned against the use of
this procedure in the treatment of patients with
non-infected tibial nonunion after a type IIIB
open fractures because of the potential risk of
infection [32]. Wu et al pointed out that before
exchange reamed tibial nailing, all patients
should be carefully screened for normal wounds,

intermittent fever, and elevated erythrocyte
sedimentation rates, to rule out silent deep in-
fections of the nonunion site [33]. These reports
emphasize the importance of a careful infection
screening, to identify deep infections of the af-
fected nonunion site. Therefore, we recom-
mend that all patients who undergo reamed
nailing in a tibial nonunion be screened routine-
ly for infection using clinical, biochemical, and
microbiologic markers. It is not feasible to
compare the infection rate in our series with
previous series that used less strict screening
criteria. Although we had carried out this strict
plan to identify a silent infection in tibial
nonunion specially after a type IIIB open frac-
ture, a severe infection due to reamed nailing in
one patient with this type was occurred. Most of
the patients were satisfied after the treatment,
especially because they could start normal life
and return to work soon after the surgery. 

Management of tibial nonunion and delayed
union is a controversial topic among orthopedic
surgeons and many procedures have been rec-
ommended for the treatment. In our study, even
in difficult cases, satisfactory union with
restoration of function by using reamed inter-
locking intramedullary nailing as a treatment
for tibial nonunion was achieved. We suggest
that using reamed interlocking intramedullary
nailing in the treatment of non-infected tibial
nonunion is a safe procedure with low morbidi-
ty and a high union rate. However, infections of
the affected lower extremity have to be ruled
out preoperatively. Although prior type IIIB
open fracture is not a contraindication for
reamed interlocking intramedullary nailing, but
it should be evaluated more aggressively for
silent infections before using this technique.
The advantageous biomechanical and physio-
logic effects of reamed nailing for treatment of
nonunion ensure high union rates. Consequent-
ly, using reamed interlocking intramedullary
nailing should be considered preferentially in
the treatment of non-infected nonunion of the
tibia.
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