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Exchange Nailing for Aseptic Tibial Shaft Nonunion:
Emphasis on the Influence of A Concomitant Fibulotomy
Chih-Wen Hsiao, MD; Chi-Chuan Wu, MD; Chun-Yi Su, MD; Kuo-Feng Fan, MD;
I-Chuan Tseng, MD; Po-Chang Lee, MD
Background: Exchange nailing is reported to have a high success rate for aseptic tibial
nonunions. However, sample sizes in all series in the literature were small,
and the influence of a concomitant fibulotomy was not evaluated.
Methods:
Fifty-four aseptic tibial shaft nonunions for 1.2~4.3 (mean, 2.4) years were
treated with exchange nailing. Indications for this technique included an
aseptic nonunion of the tibial shaft with an inserted intramedullary nail and <
2 cm of shortening. A fibulotomy was performed in a nonunion with poor
shaft alignment, which concomitantly required manipulation to correct. The
success rate of exchange nailing was determined, and whether a concomitant
fibulotomy affected the success rate was evaluated.
Results:
Forty-seven nonunions were followed-up for 1.1~6.9 (mean, 3.8) years, and
all nonunions healed. The union rate was 100% (47/47), and the average
period required to achieve union was 4.7 (3.0~7.5) months. The average
union periods between the fibulotomy and non-fibulotomy groups did not
statistically differ (4.6 vs. 4.8 months, p = 0.61). There were no significant
complications in either group.
Conclusions: Exchange nailing is an excellent technique to treat aseptic nonunions of the
tibia. It can be considered the treatment of choice for all indicated cases. A
concomitant fibulotomy has minimal influence on the success rate. It can be
performed when the shaft alignment needs correction.
(Chang Gung Med J 2006;29:283-90)
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T

ibial shaft nonunions are not uncommon, and
normally are caused by failed treatment of acute
fractures. Because of the subcutaneous location of
the medial aspect of the tibia, acute fractures are
often open types, and nonunions are often associated
with deep infection.(1,2) Treatment of infected tibial
nonunions is usually complicated.(3) As for aseptic
nonunions, various nonoperative or operative treat-

ment techniques may achieve different success
rates.(4,5) Nevertheless, an adequate treatment method
should be chosen which adequately deals with the
situation at hand.
In the literature, closed and mildly open tibial
shaft fractures treated with closed unlocked or
locked intramedullary nails achieved high union
rates. (6,7) An aseptic nonunion after closed tibial
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intramedullary nailing is therefore uncommon. Once
it occurs, treatment with exchange nailing may
achieve a high success rate.(8-11) Other advantages of
exchange nailing include a small operative wound,
no need for a donor wound to procure a cancellous
bone graft, its technical simplicity, and achievement
of early ambulation.
Technically, tibial exchange nailing may require
a concomitant fibulotomy to correct the shaft alignment. In that situation, is the success rate of treatment greatly affected? Theoretically, a fibulotomy
can enforce tibial shaft compression, thus promoting
fracture repair. Conversely, it may decrease local stability, thus hindering fracture repair. Such contradictory arguments, to the best of our knowledge, have
not been clarified in the literature. Furthermore, the
sample sizes of all series reporting on tibial exchange
nailing were small, and the exact effects might not be
very representative.(8-11) The purposes of this retrospective study were to investigate this uncertainty
and further evaluate the effect of exchange nailing.

METHODS
Between September 1997 and December 2003,
54 patients with 54 aseptic tibial shaft nonunions
after intramedullary nailing were treated with
exchange nailing at our institution. Patients were
aged 21~72 (mean, 38) years with a male-to-female
ratio of 4 to 1. All of the fractures were a result of
motor vehicle accidents. Those fractures were initially treated at various hospitals including ours. The
initial fracture types included closed and types I, II,
IIIA, and IIIB open fractures.(12) Patients underwent
1~6 (mean, 1.7) operations before the exchange nailing. The period from the time of injury to the revision surgery was 1.2~4.3 (mean, 2.4) years.
We retrospectively reviewed the records of all
patients, including the previous course of fracture
treatment, the fracture healing process, and the
wound condition. If deep infection had occurred, the
nonunion was treated with other techniques, and
those patients were excluded from this study.(3)
Cases with an elevated white blood cell (WBC)
count, erythrocyte sedimentation rate (ESR), or Creactive protein (CRP) or any other evidence suggestive of a latent infection were also excluded from the
study. All laboratory data of the study cohort were
within acceptable ranges. Indications for this tech-
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nique included an aseptic nonunion of the tibial shaft
with an inserted intramedullary nail, with < 2 cm of
shortening, and a nonunion gap of < 5 mm.
Nonunions with shortening exceeding 2 cm or with a
nonunion gap exceeding 5 mm were treated with
other technique, and those patients were excluded
from this study.(13)
Surgical technique

Under spinal anesthesia, patients were placed on
a fracture table in the supine position. The lesion
limb was hung vertically on the support post. A
pneumatic tourniquet was routinely used. An image
intensifier was prepared for nonunions requiring
insertion of distal locked screws in order to maintain
stability.
A fibulotomy was performed for tibial
nonunions with malalignment (with angulation of >
5° or with a rotational deformity of > 10°), which
required manipulation to achieve a normal axis.(5)
A skin incision was made along the medial edge
of the patellar tendon. The previous intramedullary
nails were removed. The shaft was forcefully manipulated to achieve a normal axis. In these nonunions,
a normal axis was restored without opening the
nonunion site. Nonunions which required open
reduction were excluded from this study to simplify
the comparisons.
The new nail inlet on the proximal tibia required
revision in some cases. If so, the new inlet was made
just beneath the medial edge of the patellar tendon. A
flexible guide wire was inserted into the marrow cavity, and the cavity was reamed as widely as possible.
An interlocking nail (Howmedica, Kiel, Germany or
Smith & Nephew, Memphis, TN, USA) was inserted.
In those cases, the exchange reamed nail was 1~3
mm larger in diameter than the previous nail. The
insertion of the 2 distal locked screws required guidance with an image intensifier. On this basis, the
cross-screws were placed through either the proximal
or distal nail-bone composite, depending on whether
the nonunion site was over either the proximal 1/3 or
the distal 1/3 of the tibia.(2) A dynamic locking mode
was used for all patients.
After the operation, patients were permitted to
ambulate with partial weight-bearing at as early a
time as was possible. Crutches were used until the
fractures had healed sufficiently. Patients were
encouraged to engage in exercises to promote the
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range of motion of the knee and ankle. Patients were
followed-up at the OPD at 4~6-week intervals. The
clinical and radiographic features of the fracture
healing process were recorded. Complications were
treated if necessary. After the fractures had healed,
patients were followed-up annually or whenever necessary.
We defined a fracture union clinically as having
no pain, no tenderness, and no need of aids to assist
ambulation, and radiographically as a solid callus
with sufficient cortical density to have connected
both fragments. A nonunion was defined as a fracture site which had still not healed after 1 year or
treatment or one for which repeated surgeries had to
be performed to achieve union.(10,13)
For the convenience of comparisons, Fisher’s
exact test or the 2-tailed unpaired Student’s t-test
were used. A value of p < 0.05 was considered statistically significant.

RESULTS
Forty-seven patients were included in this study,
and 47 patients with 47 nonunions were followed for
1.1~6.9 (mean, 3.8) years. The average age at the
time of injury was 40.0 (range, 21~72) years. Seven
patients with 7 nonunions were lost to follow-up
despite our best efforts to contact them.
Nineteen nonunions were repaired by exchange
nailing with a fibulotomy. The average age of this
group was 36.0 (range, 21~68) years. The time from
the initial injury to exchange nailing was 2.6 (range,
1.2~4.3) years. These patients underwent 1~6 (mean,
1.8) operations. Initially, in the exchange nailing
with fibulotomy group, there were 6 closed- and 9
open-type grades I to IIIA and 4 open-type IIIB tibial
fractures, according to the Gustilo-Anderson classification. The extent of malalignment ranged from 8.0°
to 23.0° (mean, 13.5°) before the revision surgery.
All 19 nonunions were treated using the exchange
dynamic locking nail.
In the exchange nailing without a fibulotomy
group, there were 28 nonunions in patients aged
23~72 (mean, 41) years, with an interval of 1.5~3.5
(mean, 2.2) years between the injury and exchange
nailing surgery. They had undergone 1~4 (mean, 1.6)
previous operations. There were 10 closed- and 15
open-type grades I to IIIA, and 3 open-type IIIB tibial fractures in this group. The malalignment of the
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group ranged from 2.0° to 5.0° (mean, 3.5°) preoperatively. All 28 nonunions were treated using the
exchange dynamic locking nail.
There were no significant differences in age,
number of previous operations, or length of the
nonunion period between the fibulotomy and nonfibulotomy groups (p > 0.05) (Table 1).
In terms of union time and among the subgroups
(closed-type fracture or open-type I~IIIA fracture
and open-type IIIB fracture), there were no significant differences between the fibulotomy and nonfibulotomy groups. All 47 nonunions healed within
3.0~7.5 (mean, 4.7) months with a union rate of
100% (47/47). All 19 nonunions with a fibulotomy
healed within 3.0~7.5 (mean, 4.6) months (Fig. 1),
while all 28 nonunions without a fibulotomy healed
within 3.0~7.0 (mean, 4.8) months (p = 0.61) (Fig.
2).
There were no wound infections or malunion
(with angulation > 5°, rotational deformity > 10°, or
shortening > 2 cm).(5)
The ranges of motion of the knee and ankle
were nearly normal in all cases.

DISCUSSION
Although nonunions are normally divided into
hypertrophic and atrophic types, treating a nonunion
always requires provision of sufficient stability and
stimulation of osteogenic power. (14,15) Following
advancements in modern technology, intramedullary
nails are now considered to have sufficient stability
for use during a fracture repair. Various nonoperative
or operative techniques to stimulate the osteogenic
power have become the key to successful treatment.
In this study, a 100% success rate was achieved with
exchange nailing.
To stimulate osteogenic power, nonoperative
techniques including ultrasonic, electrical, and
shock-wave stimulation can be chosen. However, the
majority of success rates were 80%~86%.(16-18) The
success rates varies with the operative techniques: a
simple fibulectomy had a 77% union rate;(19) plate
treatment may be combined with removal or preservation of the intramedullary nail with union rates of
90%~95%;(20,21) an open cancellous bone graft was
also associated with a high union rate of 98%;(22) and
under unusual situations, augmentation with Ilizarov
external fixation was reported to be successful in all
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Table 1. Clinical Data for Aseptic Tibial Shaft Nonunion Treatment by Exchange Nailing With or Without a Fibulotomy
Mean
age
(range;
years)
Exchange
nailing
with a
fibulotomy

36
(21~68)

Exchange
nailing
without a
fibulotomy

41
(23~72)

p value

0.89

Mean no.
Mean
of previous nonunion
operations
period
(range) (range; years)
1.8
(1~6)

1.6
(1~4)

0.91

2.6
(1.2~4.3)

2.2
(1.5~3.5)

0.82

Initial fracture type

Total no. No. of union
of cases cases/union
rate (%)

Closed
fracture

Open fracture
grades I~IIIA

Open IIIB
fracture

No. of cases

6

9

4

19

Mean union
time (range;
months)

4.7
(3.0~6.3)

4.4
(4.0~6.8)

4.9
(3.3~7.5)

4.6
(3.0~7.5)

No. of cases

10

15

3

28

Mean union
time (range;
months)

4.6
(3.0~6.5)

5.0
(3.5~6.5)

4.7
(3.8~7.0)

4.8
(3.0~7.0)

0.69

0.48

0.58

0.61

19/100%

28/100%

1.00

Fig. 1 A 32-year-old woman sustained a left tibial fracture without a fibular fracture. The fracture was treated with open Kuntscher
nailing and wiring. Two years after the injury, anteroposterior radiography (A) showing that persistent tibial nonunion with lateral
angulation had occurred for 2 years. Anteroposterior radiography (B) after exchange nailing with a fibulotomy was performed.
Anteroposterior and lateral radiography (C) showing that the fracture had uneventfully healed after 4 months.
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Fig. 2 A 36-year-old man sustained a left tibial fracture without a fibular fracture. The tibial fracture was treated with closed
locked nailing. Anteroposterior radiography (A) showing that tibial nonunion had occurred for 1.5 years. Anteroposterior radiography (B) after exchange nailing without a fibulotomy was performed. The anteroposterior and lateral radiography (C) showing that
the fracture had uneventfully healed after 4 months.

3 cases for which it was used. (23) Theoretically,
exchange nailing requires only a small incision
wound, produces less blood loss, is a simple technique, and allows early ambulation. Additionally, the
reported union rate may be the highest among all
techniques. Therefore, it may be considered the treatment of choice for all indicated cases.(8-11)
In the literature, exchange nailing has been the
treatment of choice for aseptic femoral shaft
nonunions after intramedullary nailing.(24,25) However,
its success rate varied from 53% to 96%.(26,27) In contrast, success rates reported for tibial exchange nailing were 93%~100%.(8-11) Zelle et al.(11) reported that
38 (95%) patients achieved healing of tibial
nonunions after exchange nailing. Union times with
static locked versus dynamic locking nailing and
whether or not a partial fibulectomy was required
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showed no significant differences. Temoleman et
al.(9) reviewed 27 cases of aseptic nonunion of the
tibia, and reported that 25 (93%) nonunions healed
after exchange nailing without an additional bone
graft.
Normally, the vascularity of the surrounding soft
tissues of the femur is better than that of tissues
around the tibia. Conceivably, the reaming effect
should not be closely correlated to the surrounding
vascularity. Additionally, reaming only provides a
thin layer of cancellous bone graft at the nonunion
site. Thus, the tibia may be favored due to its relatively better stability, i.e., the fibula may provide
some contribution. If so, a fibulotomy should be
avoided if possible. In particular, a fibulotomy may
be associated with peroneal nerve injury.(28)
In 1997, Thomas et al.(35) reported on compres-
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sive strain patterns of biomechanical analyses of
fractured tibias with intramedullary nailing with or
without a partial fibulectomy, and no significant
changes were noted in the loading patterns between
the 2 groups in that cadaveric study. The effect of
mechanical compression in enforcing fracture repair
has been studied. A 77% success rate was achieved
with a fibulectomy for treating tibial shaft
nonunions.(19) A 64% success rate was achieved with
dynamization for treating delayed tibial unions or
nonunions after static locked nailing.(32) Based on
previous data, a fibulotomy and early dynamization
still have some functions during treatment of a
nonunion.
Factors favoring fracture healing are a minimal
gap, adequate stability, and sufficient nutrition supply.(30) Casting treatment for acute closed or mild
open tibial shaft fractures produces a high delayed
union or nonunion rate.(31) Accordingly, stability is
the main factor during the tibial healing process. In
this study, both the fibulotomy and non-fibulotomy
groups achieved high success rates, so the stability
provided by an intact fibula does not seem to be a
critical factor. Reaming to produce an internal cancellous bone graft and using a larger-diameter nail
may provide sufficient stability and osteogenic
power for tibial nonunion treatment.
In the literature, over-reaming of at least 2 mm
was recommended for femoral exchange nailing.(24)
However, no similar comments were found for tibial
exchange nailing. Biomechanically, using largerdiameter intramedullary nails can enforce the nail
strength and reduce nail breakage rates.(29) Moreover,
a larger caliber of locked screws is for tibial nails
exceeding 11 mm in diameter, the locked screws
breakage rates may also be reduced. Therefore, the
medullary canals of both the femur and the tibia
should be prepared as widely as possible.
With malaligned tibia nonunions and an intact
or healed fibula, it may be difficult to insert the guide
wire into the correct point because of the sclerotic
bone along the margin of the previous nail. It is also
very difficult to achieve a correct alignment without
opening the nonunion site if the nonunion is tethered
by a healed or intact fibula. Therefore, in tibial
nonunions with angulation exceeding 5° or a rotational deformity of > 10°, a fibulotomy can be done
to facilitate correction of the malalignment.
In conclusion, exchange nailing to treat aseptic
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tibial shaft nonunions can achieve high success rates.
It may be considered the treatment of choice for all
indicated cases. A fibulotomy showed no significant
influence on the success rate of treatment in this
study, and it can normally be performed to correct
tibial malalignment, whenever fixation stability by
exchange nailing is anticipated.
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