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Aseptic Nonunion of a Femoral Shaft Treated Using

Exchange Nailing

Chia-Wei Yu, MD; Chi-Chuan Wu, MD; Wen-Jer Chen, MD

Background: There are many methods for treating femoral shaft aseptic nonunions of

Methods:

Results:

Conclusion:

which exchange nailing is the simplest technique. However, the reported
success rate varies. Therefore, a prospective study was conducted to further
clarify the role of exchange nailing.

From October 1994 through December 1999, 40 femoral shaft aseptic
nonunions in 39 patients were treated using exchange nailing. The indica-
tions for this technique included a femoral shaft aseptic nonunion with a pre-
viously inserted intramedullary nail, less than 1 cm shortening, a radiolucent
line of the nonunion, and no segmental bony defects. The surgical technique
consisted of close removal of the previously inserted intramedullary nail,
reaming the intramedullary canal as widely as possible (1 or 2 mm over-
sized), and re-insertion of a stable unlocked or locked intramedullary nail.
Thirty-six femoral shaft aseptic nonunions in 35 patients were followed-up
for at least 1 year (median, 2.9 years; range, 1.1~6.0 years) and 33 nonunions
healed. The union rate was 91.7% (33/36) and the union period was median
4 months (range, 3~8 months). No major surgical complications were noted.
The other three patients with persistent nonunions were continuously fol-
lowed-up due to their reluctance for further operations.

Although exchange nailing is a relatively simple surgical technique, it can
still achieve a high union rate with a low complication rate. Despite that fac-
tors to induce a persistent nonunion are still unclear, clinically, exchange
nailing should be used as the first choice in the treatment of an indicated
femoral shaft aseptic nonunion.

(Chang Gung Med J 2002,;25:591-8)
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losed reamed unlocked or locked intramedullary
nailing has been the treatment of choice in the
treatment of closed or mild open femoral shaft frac-
tures."? Usually, a high union rate with a low com-
plication rate can be achieved. For severe open
femoral shaft fractures, closed non-reamed unlocked

or locked intramedullary nails or initial external fixa-
tion with secondary reamed intramedullary nailing
may be chosen.“” Basically, performing closed
intramedullary nailing requires the use of an image
intensifier and a lot of equipment is needed.
Therefore, open nailing is often performed, which
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consequently increases the rate of nonunion.®'”

To treat a femoral shaft aseptic nonunion, vari-
ous surgical techniques can be used.""'¥ However,
exchange nailing is the simplest technique among all
of the treatment modalities. Some researchers have
reported high rates of union with low complication
rates.’>'® In addition, in one study, a low union rate
was found using this technique and the factors of
failure were analyzed and reported."”

The use of exchange nailing is still controver-
sial, although it only requires a small surgical
wound, which can decrease blood loss and decrease
risk of wound infection. Therefore, exchange nailing
should not be abandoned casually. We conducted a
prospective study to further define the role of
exchange nailing. The advantages and disadvantages
were also investigated.

METHODS

From October 1994 through December 1999, 39
consecutive adult (> 15 years) patients with 40
femoral shaft aseptic nonunions were treated using
exchange nailing at our institution. In this study, a
union was clinically defined as no pain, no tender-
ness, and patients could walk without aids, and radi-
ographically defined as solid callus with cortical
density had bridged fracture fragments. A nonunion
was defined as a fracture that had not healed after 1
year of treatment or a second operation was neces-
sary to gain a union. The patients ranged in age from
18 to 73 years (median, 32 years) with a male to
female ratio of 2:1. Causes of nonunions were due
to failed treatment of acute fractures, which were all
caused by vehicle crashes. Nonunion levels included
upper third for 3 fractures, middle third for 33 frac-
tures, and lower third for 4 fractures. All were
closed fractures initially. These fractures had been
treated operatively for 1~4 times during the interval
of 0.5~9.0 years (median, 1.8 years). The previous
implants consisted of plates and intramedullary nails.
The techniques of the last operations included open
Kuntscher nailing for 16 fractures, open static locked
nailing for 11, open dynamic locked nailing for 9,
closed dynamic locked nailing for two, closed static
locked nailing for one, and closed Kuntschcr nailing
for one (Table 1). Five nonunions were associated
with locked nail breakage (Cases 4,12,22,27,29),
which included three cases after one-stage femoral
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lengthening (Cases 4,12,29). All 40 nonunions were
classified into the atrophic type because early stabili-
ty was still sufficient which was deduced from the
radiographs. Indications for this technique included
femoral shaft aseptic nonunions with inserted
intramedullary nails, nonunions with a radiolucent
line, without segmental bony defects, and less than 1
cm shortening. History of wound healing process
was carefully investigated and leg length discrepancy
was evaluated using spinomalleolar distance with or
without scanogram.

At admission, white blood cell count, erythro-
cyte sedimentation rate, and C-reactive protein were
routinely checked to investigate for latent deep infec-
tion. There was no definite abnormal data for any
patient in this study.

Surgical technique

First, the patients were divided into two groups
according to whether distal locked screws had to be
inserted to achieve fragment stability.

For those with nonunions requiring no distal
locked screw insertion, the patients were spinally
anesthetized and placed on the operating table in the
lateral decubitus position. A skin incision was made
on the buttock and the previous implant was
removed. The previous nail was removed. For a
broken locked nail, it was removed using a hook
retractor.”” After a flexible guide wire was inserted
into the distal fragment, the marrow cavity was
reamed as widely as possible until strong resistance
was felt. In these patients, only 1 or 2 mm over-
reaming was performed and then a 1 mm smaller
size of single Kuntschcr nail (Zimmer, Warsaw,
Indiana, USA), double Kuntschcr nails or a proxi-
mally dynamic locked nail (Howmedica, Kiel,
Germany) was inserted.

For those nonunions requiring distal locked
screw insertion, patients were generally anesthetized
with intubation and placed on the fracture table in
the lateral decubitus position. A 2.4 mm Kirschner
wire was inserted in the femoral condyle for skeletal
traction. The previous implant was removed and a
flexible guide wire was inserted. The marrow cavity
was similarly reamed as widely as possible. Then, a
1 mm smaller size of locked nail with distal locked
assembly was inserted. When 2 mm of over-reaming
was performed and a 1 mm smaller sized locked nail
was unavailable, a static locked nail was inserted.



Postoperatively, patients were permitted to
ambulate with protected weight bearing as soon as
possible. Quadriceps as well as knee range of
motion exercise was encouraged. The patients were
followed-up at the outpatient department at 4~6
week intervals. Clinical and radiographic fracture
healing processes were recorded. Aids could be dis-
continued only when bony union had been achieved.

In this study, delayed union was not defined to
avoid misrepresenting the union rate.

In order to assess whether the results of union or
nonunion were associated with the fracture level,
assembly of nails, or smoking history of the patients,
the Chi-Square test and Fisher's exact test of inde-
pendence were used.

RESULTS

Thirty-five patients with 36 femoral nonunions
were followed-up for at least 1 year (range, 1.1~6.0
years; median, 2.9 years). Four patients with four
nonunions were lost to follow up despite all efforts.
Thirty-three nonunions healed with a union rate of
91.7% (33/36) and a union period of median 4
months (range, 3~8 months, Figs. 1-3, Table 1).

There were no peri-operative complications and
all patients were discharged within 5 days postopera-
tively.

Fig. 1 Case 3 A 44-year-old woman sustained a right middle
third femoral shaft fracture and was treated with open
Kuntscher nailing at a local hospital. Nonunion occurred for 1
year and exchange nailing with a dynamic locked nail was
performed. The nonunion healed uneventfully within 3
months.
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Fig. 2 Case 16 A 3l-year-old man sustained a left middle
third femoral shaft fracture and was treated with open static
locked nailing at a local hospital. Nonunion occurred for 3.5
years and exchange nailing with a static locked nail was per-
formed. The nonunion healed uneventfully within 5 months.

Fig. 3 Case 39 A 36-year-old man sustained a left middle
third femoral shaft fracture and was treated with closed static
locked nailing at a local hospital. Nonunion occurred for 1.5
years and exchange nailing with a Kuntscher nail was per-
formed. The nonunion healed uneventfully within 6 months.

Complications included three aseptic nonunions
(8.3%). All three patients were followed-up only
because no symptoms were noted and they hesitated
to have further operations. There were no wound
infections or malunions (angulation > 10 degrees,
rotation > 10 degrees or shortening > 2 cm) noted.
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Table 1. Clinical Data for 39 Patients with 40 Nonunions Treated with Exchange Nailing

Case Age Sex Fracture Previous Method Interval Method  Over-reaming  Union  Complications Follow-up
No. Level  Operation of from of (mm) Period (years)
Times Last Injury Treatment (months)

Operation (years)

1 18 M B 1 CK 0.9 DL 1 4 - 6.0
2 31 M B 1 CDL 4.5 DL 1 7 - 5.8
3 44 F B 1 OK 1.0 DL 2 3 - 54
4 52 M B 2 OSL 1.1 DL 2 4 --- 5.0
5 62 M B 1 OK 1.5 SL 2 T T T

6 26 M B 1 OSL 2.0 DL 2 T T T

7 44 F A 1 OK 2.0 DL 1 4 - 4.7
8 23 M C 2 OSL 4.5 DL 1 N N 4.5
9 73 M B 1 ODL 3.0 SL 2 4 - 4.5
10 18 M B 1 OK 0.8 DL 1 N N 4.0
11 60 F B 1 OK 2.0 K 1 T T T

12 19 M A 2 OSL 8.0 DL 1 5 --- 3.8
13 28 M B 1 OK 1.5 K 1 4 -— 3.5
14 66 M B 2 ODL 2.0 DL 1 4 - 3.5
15 60 F B 1 OK 1.8 SL 2 N N 33
16 31 M B 2 OSL 3.5 SL 1 5 --- 33
17 22 M A 2 ODL 3.0 DL 1 3.5 -— 32
18 32 M B 4 OK 2.0 K 1 4 - 3.0
19 28 M B 1 OK 2.0 DL 2 3.5 - 3.0
20 60 M B 1 ODL 1.6 DK 2 5 --- 3.0
21 24 M B 1 ODL 2.0 K 1 T T T

22 22 F C 1 ODL 3.0 DL 1 6 - 29
23 36 M B 1 OK 1.5 K 1 4 - 2.8
24 25 M C 1 ODL 1.0 DL 2 8 --- 2.8
25 73 M B 1 OSL 5.0 DK 2 6 --- 2.6
26 59 M B 1 OK 0.6 DL 2 3.5 - 2.5
27 26 M B 2 OSL 2.0 DL 2 4 - 2.4
28 40 M B 1 OK 1.0 DK 2 4 --- 2.4
29 36 M B 4 OSL 9.0 DK 1 4 --- 22
30 39 F B 1 OSL 1.0 SL 1 5 - 2.0
31 61 M B 3 OSL 3.0 DK 1 4 - 1.8
32 61 M C 3 ODL 3.0 DL 2 4 --- 1.8
33 38 F B 1 OK 0.5 DL 1 6 --- 1.7
34 29 F B 1 CDL 3.0 K 1 5 - 1.6
35 25 M B 1 OK 1.2 K 1 4 - 1.6
36 32 F B 1 ODL 1.8 DL 2 4 --- 1.5
37 24 F B 1 OSL 1.0 SL 2 4 -- 1.4
38 56 F B 1 OK 0.8 DL 1 5 - 1.3
39 36 M B 1 CSL 1.5 K 1 6 -- 1.2
40 26 F B 1 OK 0.6 DL 1 3.5 --- 1.1

A: upper third; B: middle third; C: lower third; CDL: closed dynamic locked nailing; CK: closed Kuntscher nailing; CSL: closed static
locked nailing; DK: double Kuntscher nailing; DL: dynamic locked nailing; F: female; K: Kuntscher nailing; M: male; ODL: open dynamic
locked nailing; OK: open Kuntscher nailing; OSL: open static locked nailing; N: nonunion;

SL: static locked nailing; T: lost to follow-up.

Case numbers 31,32, identical patient with bilateral nonunions.
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The fracture levels of the three patients with
persisted nonunion were two in the middle third and
one in the distal third. The three cases with proximal
third nonunions all achieved union after exchange
nailing procedures. The numbers of patients of
nonunion/union were 0/3 in the proximal third, 2/27
in the middle third, and 1/3 in the distal third. There
were no significant differences (X*=1.806, p>0.05,
Chi-Square test) between the different fracture levels
in the results of union or nonunion.

One of the five cases using static nails and two
of the thirty-one cases using dynamic nails had per-
sisted nonunion. The numbers of patients of
nonunion/union were 1/4 in the static nail group and
2/29 in the dynamic nail group. The p-value was
0.326 using the Fisher's exact test. There were no
significant differences between the different kinds of
the assembled nails in the results of union or
nonunion.

In the 20 patients with smoking history, 18 of
them achieved union and two had persisted
nonunion. In the 16 patients without the history of
smoking, one had persisted nonunion. The numbers
of patients of nonunion/union were 2/18 in the smok-
ing group and 1/15 in the non-smoking group. The
p-value was 0.426 using the Fisher's exact test.
There were no significant differences between the
patients with or without smoking history in the
results of union or nonunion.

No statistical differences were found for
nonunion types (all were atrophic ), fracture levels
(proximal: middle: distal=0/3: 2/27: 1/3, X*=1.806,
p>0.05, Chi-Square test), assembly of nails (static:
dynamic=1/4: 2/29, p=0.326, Fisher's exact test), or
smoking history (smoking: non-smoking=2/18: 1/15,
p=0.426, Fisher's exact test) as described in the liter-
ature.

DISCUSSION

A nonunion is traditionally classified into either
a hypertrophic or atrophic type for the convenience
of treatment. The former is usually due to loss of
fracture stability and the latter, loss of osteogenic
power. The principle of treatment should depend on
the type of nonunion to provide either stability or
osteogenic power. During the past several years,
methods for nonunion treatment have continuously
developed.®®” Various nonoperative or operative
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techniques are available. However, maintenance of
sufficient stability with supplementation of cancel-
lous bone grafts has been the most convincing and
has achieved the highest success rate. According to
reports in the literature, exchange nailing that pro-
vides internal bone grafts have been reported to be
superior to open bone grafting.*"

The reported success rate of exchange nailing to
treat femoral shaft delayed unions or nonunions is
53~100%.">"**** The advantages of exchange nail-
ing have been advocated. Due to the small incision
wound for nail inlet and no exploration of the
nonunion site, operating time can be shortened and
decrease the complication rate. However, the maxi-
mal size of bone defects suited for this technique has
not yet been clarified. Clinically, it seems to be
impossible to use patients for testing. Factors favor-
ing fracture healing are minimal gap, adequate stabil-
ity, and sufficient nutrient supply.?” The size of bone
defects can affect the union rate. Therefore, if there
is any doubt, open bone grafting should be per-
formed.®=" In this study, only nonunions with a
radiolucent line were treated and a 91.3% success
rate was achieved. On the other hand, no detailed
descriptions about bone defects were included in the
previous series. Theoretically, the amount of ream-
ing bone graft should be not copious and the size of
the bone defects will affect the union rate.

When a nonunion occurs and a radiolucent line
is noted, the gap should be occupied by the connec-
tive tissues. Over-reaming of 1 or 2 mm can only
deposit a small amount of cancellous bone along the
reamed tract. Theoretically, fracture level will not
affect the deposit of bone graft. In this study and in
reports in the literature, the results were concor-
dant."*'”  Fracture level is not related to persistent
nonunions. On the other hand, only over-reaming
1 or 2 mm of the marrow cavity can also achieve a
high union rate. The amount of bone graft does not
need too much.

Although a dynamic locked nail can provide the
compressive force and promotes fracture healing,
there is no difference between a static and dynamic
mode of exchange nailing."> With cancellous bone
grafts to promote fracture healing, the added com-
pressive force does not seem to be so critical.
Results of this study and the reports in the literature
also show the same viewpoints.

Using a reamed intramedullary nail to treat a
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femoral shaft fracture usually can achieve sufficient
stability. Except for when Kuntscher nail migration
or nail breakage occurs in the early stage, all
nonunions should be classified into the atrophic type.
Therefore, cancellous bone grafting is always neces-
sary to provide osteogenic power. In this study, all
nonunions were classified into the atrophic type,
which was different from the previous series.'*'” In
some reports in the literature, classifying a nonunion
only depended on the callus amount on the radi-
ograph which was often mis-representative. Thus,
fragment stability should also be considered for clas-
sification.®"*

Patients with persistent nonunions in this study
were questioned as to history of smoking. Two
patients denied smoking and one admitted to smok-
ing. Although smoking has been considered to inter-
fere with fracture healing or nonunion treatment in
reports in the literature, no differences were noted in
this study.®**® The effects of smoking on fracture
healing has also been doubted by some researchers in
reports in the literature.

The methods for treatment of persistent
nonunion after exchange nailing are many and all
methods have individual advantages and disadvan-
tages. Repeated exchange nailing has been reported
with success and the technique is the simplest.
However, due to a relatively small sample size, the
definite effects should be re-evaluated."? Open bone
grafting may be considered and the effects have been
satisfactory.?® As for conversion to plating, a large
wound with extensive soft tissue dissection may
introduce more complications."'*¥ In our opinion,
plating should be preserved in the distal femur where
a locked nail easily breaks.®

Exchange nailing may also be used to treat
infected nonunion and success has been reported in
the literature.”® However, after all, reaming intro-
duces cortical necrosis. If sequestrum is produced,
deep infections are hard to control. Therefore, the
reaming should be very slow and antibiotic powder
may be placed into the marrow cavity for local con-
trol. In principle, exchange nailing should not be
used in patients with acute infections. For those with
acute infections, staged operations with conversion
to external fixation may be more suitable.®'*®

In conclusion, the present study has revealed
that exchange nailing can achieve a high success rate
in the treatment of femoral shaft aseptic nonunions
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with indications. From theoretical and clinical
considerations, it is the simplest technique among
various treatment modalities and has the lowest com-
plication rate. Therefore, it should be considered as
the treatment of choice for indicated cases of
nonunions. Because the nonunion rate using this
technique is so low, the factors that induce the persis-
tent nonunion cannot be concluded from this study.
Relatively larger sample sizes are necessary to inves-
tigate the factors and clinical outcomes. However, it
seems to be very difficult to collect sufficient num-
bers of cases for such a study.
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