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Summary

The persistence of pain at the fracture site and the absence of bone callus at X-ray controls 
are the univocal criteria for diagnosis of nonunion. When this failure befalls, the healing 
process has stopped and the fracture is no longer able to consolidate without surgery. The 
aim of this review is to investigate the use and outcomes of the Exchange Reamed Nailing 
(ERN) technique for aseptic tibial shaft nonunion.
Replacement surgery with an oversized reamed nail showed 91% success. After a tibial 
fracture, nonunion is to be expected in 17% of cases, with a majority of the hypertrophic 
type (82%). To avoid further failures, the following is essential: to increase the mechanical 
stability by implanting an oversize nail and lock it with 2 distal static screws and a proxi-
mal dynamic screw; to ream the canal to promote vascularisation with osteoinductive and 
osteoconductive effects; to ensure the absence of a latent infection, which can lead to 
osteomyelitis in 18% of failures. Autologous bone grafting and fibula osteotomy are useful 
in specific cases.
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Introduction

Non-healing of a fracture may manifest itself as a delayed-union, defined as a frac-
ture that does not heal within the expected time (referring to the type and location 
of the fracture and the patient’s characteristics), or even as a nonunion, in which 
the healing process has stopped and the fracture is no longer able to consolidate 
without surgery 1.
There is no agreement about the different timing in the definition of non-union, and 
for some authors it can be considered after 4 months from the trauma 2-5, for others 
no earlier than 6 months 6-10. The persistence of pain at the fracture point and the ab-
sence of bone callus in at least three of the four corticals visible in two projections 
at X-ray controls are the univocal criteria for the diagnosis of nonunion 11.
The factors that can induce aseptic nonunion can be summarised as follows: 1) 
poor reduction of the fracture; 2) low synthesis stability; 3) reduced vascularisation 
at the fracture site; 4) bone loss 1,11. 
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Despite the progress of surgical techniques and the improve-
ments in hardware, the incidence of non-union and mal-union 
in diaphyseal tibial fractures reaches almost 17%, which is also 
due to the frequent exposure of the fracture and poor skin cov-
erage  12-14. There are several surgical techniques used to heal 
a nonunion of the tibia in case of failure of the first treatment. 
The Exchange Reamed Nailing (ERN) is a technique that in-
volves removal of the first intramedullary implant and its re-
placement with an oversized nail with canal reaming, in order 
to provide greater stability of the synthesis (Fig. 1).
The purpose of the current narrative review is to define the reli-
ability, technique and outcome of aseptic nonunion of the tibial 
shaft treated with ERN.

Methods

We carried out a review of the English language literature to 
identify studies where the effectiveness of the ERN was ana-
lyzed in terms of percentages and times of consolidation and 
occurrence of complications. The keyword “exchange reamed 
nailing” was used in combination with “tibial pseudarthrosis” 
and “tibial nonunion” on the search engines Google Scholar 
and PubMed.
Inclusion criteria: patients who developed aseptic nonunion 
of a previous diaphyseal tibial fracture and were then treated 
with ERN. Exclusion criteria: non-diaphyseal tibial fractures, 
diaphyseal fractures of other long bones, septic nonunion or 
treatments other than ERN.
The characteristics of the sample were extrapolated and com-
pared by analysing the fracture pattern and treatment options, 
definition of healing, type of nonunion, percentage of patients 
healed following surgery, average time of consolidation and 
the number of failures as infections, nonunion and residual 
malunion. Where data were available, a correlation between 
failure and fracture pattern was carried out, with reference to 
any initial open fracture according to the Gustilo-Anderson 
(GA) classification 15.

Results

Sample description
Only 7  studies met the inclusion criteria for the current re-
view 11,16-21 and involved a total of 370 patients with 371 cases 
of diaphyseal tibial aseptic nonunion that were surgically treat-
ed with ERN. 
Of 370 patients, 75 were female, 288 were male and 7 with 
unspecified gender. Age was available for 336 patients with a 
mean of 41 years (Tab. I).
Clinical recovery criteria were considered to be full weight 
bearing without pain 17,18,20,21 and without tenderness 20,21. 
The radiographic healing criteria were aimed at identifying the 
bone callus: presence of callus in three of the four cortical in 

two projections 18,22,23; presence of callus in at least 50% of the 
cortical circumference  17,24; disappearance of the radiolucent 
line or bridging callus  19 in two orthogonal projections  20 or 
with adequate density to band the two fragment 18,20,23.
For 331 patients the traumatic mechanism of injury was report-
ed: for 70% it results from an accident (9% pedestrian, 27% 
car- and 34% motorcycle-crash), 15% from falls from a height, 
10% from sports injuries and in the remaining 5% by crush 
injuries and gunshot wounds.
Only 241 fractures were classified according to the AO clas-
sification, as follows: 122 fractures 42A; 84 fractures 42B; 35 
fractures 42 C (Tab. II).
In 253 cases the type of nonunion was specified, showing that 
hypertrophic nonunion is more frequent (82%) than atrophic 
(18%); the definitive diagnosis of nonunion was made on aver-
age at 5.5 months.
About half of the patients (49%) had closed fractures, while 
10% reported type 1 open fracture according to GA classifi-
cation, 16% type 2, 17% type 3 and 4% unspecified exposure, 

Figure 1. A) Aseptic hypertrophic tibial nonunion in a 
53-year-old man at 8 months post-trauma; B) post ERN 
control – distal fixation with 2 static screws, proximal fix-
ation with a dynamic locking screw; C) X-ray control at 
5 months of follow up – immediate full weight bearing.
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comprising a total of 175 patients (47%) with open fractures. 
An emergency fasciotomy was required in 4% of patients due 
to acute compartment syndrome.
The intramedullary nail appears to be the most common meth-
od for treating tibial shaft fractures (81%), of which 32% were 
performed without canal reaming, while in 68% of cases it was 
not specified whether reamed or non-reamed tibial nails were 
used. Other treatments (19%) consisted in external fixation, 
ORIF and non-operative treatment.

Follow-up and outcomes
Only one patient was lost to follow-up and it was not possible 
to evaluate healing or complications. In 91% of cases the ERN 
technique achieved consolidation of the fracture, while in 33 
cases (9%) complications occurred or required further surgery 
to obtain healing (Tab. III).
Regarding complications, infection (chronic osteomyelitis) 
occurred in 6 cases following revision surgery and malunion 
was found in 6 additional cases. Infection was defined as the 
presence of fever, erythema and cultures positive for debrid-
ment 16. Malunion was defined as the presence of deformities 
in the various planes or shortening. In particular, the presence 
of a varus or valgus deformity in the frontal plane greater than 
5°, an angulation in the sagittal plane in procurvatum or recur-
vatum greater than 10°, rotational deformities in the coronal 
plane greater than 15° or a shortening greater than 1 cm com-
pared to the contralateral limb 22,25.

The mean consolidation time was calculated for 343 cases and 
was found to be 20.64 weeks, with a minimum of 14 and a 
maximum of 32 weeks. 
Only Templeman et al. 16 correlated infections to initial expo-
sure: three post-revision infectious were found inon 27 cases, 
two occurred in previous open fractures (GA 3b) and one in a 
patient with compartment syndrome treated with decompres-
sive fasciotomy.

Discussion

Intramedullary reamed nailing with removal of the previous 
hardware represents an approach that provides widely shared 
good results in the treatment of nonunion of the tibia with a 
relatively minimally invasive surgery. Aseptic non-unions are 
basically divided into two categories in order to implement the 
correct therapeutic strategy: (1) the types with good vascular-
isation where the main problem is a poor mechanical stability 
of the synthesis and in which an improvement of the latter of-
fers a good chance of success; and (2) avascular forms where 
the need for a biological stimulus and bone grafting coexist 9. 
The ERN, or rather the use of an adequately locked and di-
mensioned intramedullary nail associated with canal reaming, 
offers good prospects for success in both forms by providing 
improvement in mechanical stability, improvement in peri-
osteal blood circulation and by acting as an autologous graft 26. 
In-fact, the results obtained from the analysis of the current 

Table I. Demographic characteristics and mechanism of injury of the sample.
Gender Mean 

age
Mechanism of injury

Pedestrian 
accidents

Car-crash Motorcycle-
crash

Falls from 
height

Sport other

Hierholzer 
(2016) 11

32 f
156 m

43 0 82 54 24 28 0

Templeman 
(1995) 16

6 f
21 m

- 10 4 8 2 0 3

Ateschrang 
(2013) 17

11 f
14 m

51 4 4 4 7 3 3

Zelle 
(2004) 18

10 f
30 m

35.1 9 14 5 7 2 3

Sledge 
(1989) 19

7 f
44 m

33 7 13 14 11 0 6

Richmond 
(2004) 20

9 f
23 m

43 - - - - - -

Kan-Da Gao 
(2004) 21

- - - - - - - -

Total 75 f
288 m

41.14 30 89 113 51 33 15
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literature collected in this review show a 91% success deriving 
from this method. 

Improvement in mechanical stability
According to the literature, an oversized nail with adequate 
locking provides increased stability by favouring the impact of 
the fracture stumps with fair weight bearing 18,27 and avoiding 
further angular stress 17,18. It should also be emphasised the im-
portance of the right choice of locking technique, such as the 
number, distance and orientation of screws, and whether static 
or dynamic fixation is performed2 8.

Promote vascularisation
Reaming has been shown to cause damage to the endosteal vas-
cularity at the focus of the pseudarthrosis for 8-12 weeks 17,29, 
while the surrounding soft tissues remain unharmed and per-
iosteal vascular flow is stimulated to promote fracture heal-
ing 18,30. In fact, several studies have shown that the direction 
of blood flow reverses from being centrifugal to centripetal 

as a result of endosteal damage caused by reaming with up to 
6-fold increases in periosteal flow compared to vascularisation 
of the contralateral unreamed tibia 31. In addition, from studies 
conducted on fractured sheep’s tibia and subjected or not to 
reaming, vascular flow in the muscles adjacent to the fracture 
in the reamed group was increased 11,32. 

The osteoinductive and osteoconductive effects
In addition to the effects on vascularisation and the debride-
ment of the canal fibrotic tissue, reaming would also seem to 
have osteoinductive and osteoconductive effects, depositing a 
sort of bone graft in the pseudarthrosis site 18,20. This process 
can improve the local biology and stimulate bone healing 27 be-
cause it contains growth factors and osteoblasts that act as an 
osteoconductive scaffold. 

Technical notes
The surgical technique of all the analyzed reports consisted, 
first of all, in the removal of the previous hardware, which 

Table II. Classification of the injury and nonunion.
AO class Close vs open (GA classification 15) Nonunion 

classification
Nonunion 

timing 
criteria

Closed Closed 
+ com-

partment 
syndrome

GA1 GA2 GA3a GA3b Unsp Hyper-
trophic

Atrophic Mounths

Hierholzer 
(2016) 11

103 42A
62 42B
23 42C

111 0 17 38 22 - 164 24 6 m

Templeman 
(1995) 16

12 42A
8 42B
8 42C

3 8 0 5 6 6 - - - 3-5 m

Ateschrang 
(2013) 17

7 42A
14 42B
4 42C

19 0 4 2 0 0 - 25 0 6 m

Zelle 
(2004) 18

- 6 7 4 8 4 11 - 19 21 4 m

Sledge 
(1989) 19

- 17 0 14 7 13 - - - 4 m

Richmond 
(2004) 20

- 21 0 - 11 - - 6 m

Kan-Da Gao 
(2004) 21

- 4 0 - 3 - - 9 m

Total 122 42A
84 42B
35 42C

181 15 39 60 62 14 208 45
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were mostly intramedullary nails (302 of 371). Subsequently, 
any deformities present were corrected and the intramedullary 
guide wire was repositioned, positioning it in the center of the 
distal canal, and verifying it in at least two intraoperative ra-
diographic projections. The reaming and subsequent implant-
ing of the oversized intramedullary nail was then carried out. 
Mechanically, reaming was used to position a nail with a good 
cortical fit at the isthmus level, using drill diameters 1 or 2 mm 
larger than the nail. If the implanted nail replaced a previous 
nail, it had a diameter of 1 or 2 mm larger than the previous one. 
If the implanted nail replaced other hardware, the goal was to 
insert a nail of at least 10 mm in diameter with an average of 
11-13 mm, depending on the surgeon and the study. Locking is 
also an important check: there is no agreement among studies, 
but all authors agree on fixation of the distal fragment with 
at least 2 locking screws. Regarding the proximal fragment, a 
dynamic locking screw was preferred for transverse or short 
oblique fractures in order to improve stress of the fragments. 
In addition to the surgical nailing technique, the use of autol-
ogous or substitute bone grafts and fibula osteotomy has also 
been observed. Bone graft seems to be necessary in the pres-
ence of comminuted fractures and extensive bone loss 7,33, de-
fined as > 30% of cortical diameter 34,35.
At the same time, it is hard to find consensus for the indication 
for fibular osteotomy 36-38. It should be practiced where earli-
er healing or the absence of fibula’s fracture does not allow a 

good reduction, thus preventing restoration of length, correc-
tion of angular tibia deformities and compression of the nonun-
ion site to create a mechanical block and hinder dynamisation 
and micro-stresses related to early loading that are necessary 
for proper restorative osteogenesis 39-41. 

Infection prevention
From analysis of predicting factors for infective complications, 
it emerged that GA 3b open fractures have a higher risk of incur-
ring infections. To prevent this risk, careful clinical-laboratory 
screening should be carried out to exclude a silent infection on 
clinical signs (i.e. fever, signs of superficial infection at the expo-
sure site or from previous surgical injury such as dehiscence, fis-
tulas and secretions) and laboratory examinations and tests 18,36.

Limits
The main limitation of current narrative review is the limited 
number of cases present in the literature and the lack of ho-
mogeneity among studies in terms of patient selection, data 
collection and outcomes analysed.

Conclusions 

The high success rate and low onset of complications demon-
strate that ERN is an effective and relatively minimally-inva-

Table III. Treatment options and follow-up.
First treatment options Consolidation post 

revision
Mean time of 
consolidation 

on weeks

Complication

Uspecified 
intramed-
ullary nail

Unreamed 
intramed-
ullary nail

other Union Nonunion Infection Malunion

Hierholzer 
(2016) 11

188 0 0 165 23 16 0 0

Templeman 
(1995) 16

0 28 0 25 2 - 3 3

Ateschrang 
(2013) 17

0 25 0 24 1 29 0 0

Zelle 
(2004) 18

0 40 0 38 2 29 0 0

Sledge 
(1989) 19

3 3 45 49 2 28 3 3

Richmond 
(2004) 20

8 0 24 29 3 14 0 0

Kan-Da Gao 
(2004) 21

7 0 0 7 0 32 0 0

Total 206 96 69 337 33 20,6 6 6
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sive treatment for aseptic non-union of diaphyseal tibial frac-
tures.
To cope with non-healing of fractures, it is necessary to thor-
oughly analyse the factors that may have led to failure and 
plan the revision considering the appropriate size of the new 
nail, adequate reduction of the fracture avoiding deformities 
and bone gaps and careful patient selection to rule out silent 
infections (frequent in ≥ GA 3b). In addition, it may be useful 
to combine other measures such as autologous bone grafting 
in comminuted fractures with extensive bone loss and fibula 
osteotomy in cases where the integrity of the fibula hinders the 
reduction or compacting of the fracture.
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