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Introduction

Non-unions are frequent complications of tibial shaft
fractures and their management remains a challenge for
orthopaedic surgeons.1 Quoted incidences range between
8% and 13%, but despite the frequency with which they are
encountered treatment has not been standardised nor based
on large randomised control trials.2-5 As such, treatment
failure rates of up to 20% have been reported in the liter-
ature.6

Non-unions can be classified as atrophic or hypertrophic,
mobile or stiff, with or without deformity, with or without
bone defects and as infected or not.6-11 This diversity in 

non-union pathophysiology and presentation complicates
their management, as each subgroup often requires radically
different treatment strategies.6,11-13 The management is further
complicated by delays in referral that contribute to loss of
limb function secondary to muscle atrophy, joint contrac-
tures and disuse osteopaenia.3,14 Inappropriate management
may cause further delays and additional risk to limb
integrity.15 Adopting the appropriate treatment strategy is of
vital importance and should promote union while simulta-
neously allowing functional rehabilitation.

We report the results of the management of uninfected
tibial non-unions treated according to our proposed tibial
non-union treatment algorithm  (Figure 1).
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Materials and methods

Between January 2014 and December 2014, all patients
who presented with uninfected tibial non-unions were
treated according to our proposed tibial non-union
treatment algorithm. This algorithm was developed based
on results from two retrospective audits of patients with
tibial non-unions who were treated at our institution
between January 2010 and December 2013. Thirty-eight
patients with 40 non-unions were included. One patient
was excluded because his treatment was ongoing at the
time of analysis. This patient had a defect non-union
undergoing bone transport.

A physical, laboratory and radiographic evaluation were
performed on all patients as per departmental protocol.
Any modifiable risk factors that were identified were
optimised prior to surgical intervention. These included
cessation of smoking, optimal glycaemic control in
diabetics and the commencement of highly active
antiretroviral therapy (HAART) for HIV-positive patients
with low CD4 counts.

Partial fibula resection was performed in all cases at the
time of the index procedure. Resection was performed
under tourniquet control and at the level of the fibular
deformity if present. Direct surgical approach between the
peroneal and soleus muscles was made. The fibula was
exposed by sub-periosteal dissection, and a small oscil-
lating saw was used to resect approximately 1 cm of fibula
to prevent early fibular consolidation. Fascia and skin
were closed in layers over a drain. The tourniquet was
deflated for the remainder of the operation. 

Mobile atrophic and oligotrophic non-unions were
stabilised with Ilizarov-type circular external fixation.
These frames were applied using a standard ‘trauma
frame’ construct and application technique.16 After
mechanical alignment and stable fixation, the non-union
site was manually compressed and the frame statically
locked. The addition of iliac crest autograft was only
considered if the non-union site had a diameter less than
50% of the normal bone diameter. This was required in
four patients.

Defect non-unions were treated with standard ‘transport
frame’ constructs. These frames consisted of ring blocks
proximal and distal to a fifth transport ring. The ring
blocks were designed in such a way as to allow a
metaphyseal osteotomy to generate a bony transport
segment. After a latency period of 7 to 10 days bone
transport was started at a rate and rhythm of 0.25 mm four
times per day. A docking procedure in the form of a
Phemister autograft was performed for all patients.17

Stiff hypertrophic non-unions were treated with closed
gradual distraction through the use of hexapod external
fixators. These fixators were applied using the ‘rings first’
method and the non-union site was left undisturbed. After
post-operative radiographic evaluation, a correction
programme was generated through the online software
and distraction was effected at a rate of 1 mm per day at
the apex of deformity. 

Pin-track management occurred according to our
standard protocol that encompasses a meticulous intra-
operative insertion technique and a rigorous post-
operative pin-care regimen that included twice-daily
cleaning with an alcoholic solution of chlorhexidine.18,19

Early functional rehabilitation was encouraged with the
assistance of a physiotherapist. This entailed adjacent joint
mobilisation and weight bearing followed by normali-
sation of gait pattern and functional use.

Outpatient follow-up was scheduled at two-weekly
intervals until a robust rehabilitation routine was estab-
lished. Thereafter the follow-up was increased to four-
weekly intervals. Fixator removal was considered once
tricortical consolidation was seen. At this juncture, a
staged ‘trial of union’ protocol was initiated. First the
external fixator was completely dynamised and the union
site manually stressed. If this did not cause any pain or
deformity the patient was instructed to weight bear. If the
patients were able to walk without pain, they were
allowed to return home with a fully dynamised frame and
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Figure 1. tibial non-union treatment algorithm
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encouraged to mobilise full weight bearing for a period of
two weeks. Repeat radiographs at follow-up were
compared with radiographs from two weeks before. If no
deformity occurred during this trial period, union was
confirmed and the external fixator was removed. All
patients were followed up clinically and radiologically one
month after frame removal. Any changes in angulation
from previous visits were identified as a failure of
treatment. 

Results

The medical records and serial radiographs of all 37
patients were reviewed. The study population consisted of
30 men and seven women with 39 tibial non-unions with a
mean age of 34 years ranging from 18 to 73 years (Table I).
Two patients were treated for bilateral tibial non-unions.
Twenty-three non-unions were classified as stiff hyper-
trophic, ten mobile atrophic and four mobile oligotrophic
according to the Ilizarov and Weber and Cech classifica-
tions.7,8 The remaining two cases were type B1 defect non-
unions according to the Paley classification.9 These
patients had 3 cm and 6 cm defects respectively.

Open fractures were the initial injury in the majority of
cases (n = 27). Fifteen fractures were initially graded as
Gustilo-Anderson IIIB, 11 as Gustilo-Anderson IIIA and
one as a Gustilo-Anderson II open fractures.20,21 Two
patients sustained fractures following gunshots. One
patient developed a mid-shaft tibial non-union following a
derotation osteotomy. The remaining nine cases were
closed fractures that were treated with a plaster of Paris
cast in four cases, tibial nail in four cases and a circular
external fixator in the remaining case. Duration of non-
union ranged from 6 to 48 months since the initial injury,

with a mean of 13 months (standard deviation [SD] 9.6
months).

Risk factors for non-union development were identified
in 33/37 (89%) patients. These included open fractures 
(n = 27), smoking (n = 17), diabetes (n = 1), hypothy-
roidism (n = 1), oblique distal third tibia fracture (n = 1),
and internal fixation (nail) with a fixed fracture gap (n = 4).
The remaining four patients all had closed fractures and
no obvious risk factors for non-union formation. Seven
patients were HIV-positive (19%). Two of these patients
had bilateral tibial non-unions. Four HIV-positive patients
with a mean CD4 count of 872 cells/mm3 (range 581–1056)
were on HAART treatment while the remaining three
patients with a mean CD4 count of 325 cells/mm3 (range
260–433) were treatment naive.

The Ilizarov external fixator (Smith & Nephew,
Memphis, TN) was used for five, and the Truelok external
fixator (Orthofix, Verona, Italy) for nine mobile atrophic
and oligotrophic non-unions. The average time in external
fixator was 32 weeks, ranging from 13 to 53 weeks. Stiff
hypertrophic non-unions were treated with the Taylor
Spatial Frame (TSF) (Smith & Nephew, Memphis, TN) in
seven and the Truelok-Hex (TL-Hex) (Orthofix, Verona,
Italy) in 16 cases. The average time in external fixator was
25 weeks, ranging from 13 to 60 weeks. Both patients with
defect non-unions were treated with the Truelok external
fixator (Orthofix, Verona, Italy). These patients spent 31
and 66 weeks in external fixators respectively.

Bony union was achieved after the initial treatment in
37/39 (94.8%) tibias. Two patients had failure of treatment.
These patients presented with progressive deformity after
the external fixator was removed. Failure after initial
treatment was judged to be the result of early external
fixator removal and underlines the difficulty of confirming

table i: Details of results

Type of non-union
Mobile

atrophic/oligotrophic

Stiff 

hypertrophic
Defect

Patients 13 22 2

Males 11a 17b 2

Females 2 5 –

Mean age (years) 31 (18–59) 38 (18–66) 23 (20–27)

Average time to non-union surgery (months) 11 (6–18) 15 (6–48) 7 (6–8)

Fixator

Ilizarov 5 – –

Truelok 9 – 2

Taylor Spatial Frame – 7 –

Truelok-Hex – 16 –

Average healing time (weeks) 32 (13–53) 25 (13–60) 48 (31–66)

Treatment strategy

Compression 14 – –

Distraction – 23 –

Bone Transport – – 2

Iliac autograft 5 0 2

a, b Two patients had bilateral non-unions
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union in certain cases. One of these patients was success-
fully retreated according to the tibial non-union treatment
algorithm. This resulted in final bony union after
treatment in 38/39 (97.4%) tibias. The remaining patient
was a heavy alcohol user and smoker who sustained an
open tibia fracture with a resultant non-union. Re-
treatment will be considered once the patient has
moderated his alcohol intake and stopped smoking. 

Leg lengths after union were equalised to within 1 cm of
the contralateral side in 37 (94.8%) tibias. Alignment with
deformity less than 5° was achieved in 36 (92.3%) tibias.
The remaining three patients had 5° valgus in two patients
and 8° procurvatum with 2 cm shortening in one patient.

Pin-track infection was the most common complication
experienced and occurred in 7/39 (17.9%) cases. The
majority of these infections was minor according to the
Checketts and Otterburn classification and responded to
local pin-track care and oral antibiotics.22 One patient
developed a grade VI infection. This patient presented
with a non-healing pin site four weeks after external
fixator removal. He was subsequently treated with
debridement of the pin track using the Versajet
Hydrosurgery system (Smith & Nephew, Memphis, TN)
and healing occurred without any further complications.23

Discussion

The optimal treatment of tibial non-unions remains to be
established but several authors have outlined the
principles for the ideal treatment. Kanellopoulus
considered the ability to simultaneously address axial
deviations, shortening, bone loss, poor blood supply and
achieve union without further compromise of the soft-
tissue envelope as the ideal treatment.15 He emphasised
that this should be achieved while simultaneously not
only maintaining function, but improving it.15 Gershuni
regarded the restitution of bony continuity, correction of
alignment in all planes, maintenance and recovery of
function and limitation of further complications as the
ideal management strategy.24 Giannoudis recently intro-
duced the ‘Diamond concept’ to the management of non-
unions.25 This approach attempts to address all factors
implicated, namely the cellular environment, growth
factors, bone matrix and mechanical stability. We consider
the optimisation of modifiable host factors, mechanical
alignment, stable fixation, biological stimulation and early
functional rehabilitation the five pillars of non-union
management. 

Biological stimulation can be achieved in several ways.
Autogenous bone graft and bone morphogenic proteins
(BMPs) remain the most frequently used method to
stimulate healing, especially in atrophic non-unions.11,12,26

Biological stimulation can also be achieved by creating the
ideal mechanical environment to support bone formation:
the concept of mechano-biology.27-32 Ilizarov further
demonstrated the tension stress effect to stimulate tissue
growth through distraction histogenesis.33-35

Mechano-biology refers to the ability of the body’s physi-
ological processes to respond to the mechanical
environment and is the foundation of all non-union
management.27,30 Ilizarov stated that functional load deter-
mines the structure, shape and volume of a limb. This is
due to a local increase in blood flow during functional use
that aids in tissue growth.29 Mechanical stimulation also
directly influences bone biology on a cellular level by
stimulating the proliferation and differentiation of
osteoblasts.29,31 Mechanical force application patterns,
loading magnitude and frequency also affect bone healing
on a biochemical level.31 The rates of synthesis and degra-
dation of extracellular matrix components are affected by
force application patterns. Loading magnitude affects cell
size through increased amounts of intermediate filaments
and glycogen particles while changes in loading frequency
can alter mRNA synthesis of anabolic and catabolic
genes.31 Aggrecan gene expression is increased in response
to mechanical stimulation and leads to an increased
proteoglycan scaffold for type II collagen.29 Mechanical
stimulation has further benefits in terms of union site
remodelling as a result of piezo-electrical charges that are
generated in response to mechanical stresses. Osteoblasts
on the compressive side are stimulated as a result of
electronegative charges while osteoclasts are activated by
electropositive charges on the tension side.31,36 These
mechano-biological processes can be exploited in non-union
management to produce union even in the setting of
apparent biological inactivity of atrophic non-unions. This
was shown in our results where eight out of 13 (62%)
atrophic and oligotrophic non-unions healed without the
need for autogenous bone graft (Figures 2a, 2b, 2c).

The effectiveness of distracting stiff hypertrophic non-
unions can be explained by the interfragmentary strain
theory of Perren.37,38 This states that fracture displacement
(δL) in relation to the initial fracture gap (L) produces
strain (δL/L) that can either induce bone formation and
union (strain < 2%) or induce bone resorption with
resultant non-union (strain > 10%).37 Distracting stiff non-
unions has a two-fold effect on decreasing interfrag-
mentary strain. First, the tension caused by distracting an
inherently stiff environment combined with stable fixation
decreases interfragmentary motion (δL). Secondly,
distraction of the non-union increases the fracture gap (L).
This results in an overall reduction of strain to within
tolerable limits for bone formation in the distraction gap.
The clinical implications of this theory are clearly illus-
trated in our series where 22 out of 23 (95.6%) stiff tibial
non-unions healed after closed distraction, sometimes
with exuberant callus formation (Figures 3a, 3b, 3c).

Circular external fixators are ideally suited to provide
stability for non-union management.39,40 Their use, especially
in tibial malunions and non-unions has gained popularity in
recent years.9,10,14,15,41-44 These fixators have the ability to
provide stability against translation and rotation in the
coronal and sagittal planes while maintaining a degree 
of axial micro motion to stimulate bone formation.45-48
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Circular fixators can also be applied with minimal iatro-
genic disruption of the local biological environment and
can be designed to correct mechanical alignment, either
acutely or gradually, as with mobile and stiff non-unions
respectively. Furthermore, the three-dimensional
stability that these fixators provide allows early
functional rehabilitation without the need for any period
of protected weight bearing after non-union treatment.

Although 37 patients represent a large study
population for tibial non-union management, the patient
numbers included in each subgroup are relatively few.

Figure 2a. Antero-posterior and medio-

lateral radiograph of tibial non-union 

10 months after intramedullary nail

Figure 2b. Standardised antero-posterior and

medio-lateral radiograph after fine wire circular

external fixator application

Figure 2c. Antero-posterior and medio-

lateral radiograph of united tibia 

12 months after external fixation removal

Figure 3a. Antero-posterior and medio-lateral

radiograph of hypertrophic tibial non-union 6 months

after open fracture
Figure 3b. Standardised antero-posterior and medio-

lateral radiograph after hexapod frame application
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This research could represent a pilot study for the evalu-
ation of our proposed treatment algorithm, and future
validation of this treatment with larger study groups in
different study locations should be conducted. The lack of
control groups for each treatment strategy is a further
limitation and could be addressed in future research.

In conclusion, our proposed tibial non-union treatment
algorithm appears to produce high union rates across a
diverse group of tibial non-unions. Although these results
are encouraging in striving for a standardised treatment
strategy for tibial non-unions, we still recommend that
that these cases be referred to specialist units where these
advanced reconstructive techniques are practised on a
regular basis. 
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