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Abstracts We reviewed 32 tibial shaft fractures in 31 pa-
tients treated with sequential intramedullary nailing after
primary external fixation. There were 30 open fractures
and 2 closed injuries with severe blunt trauma requiring
fasciotomy. Fifty per cent of the fractures were classified
as Gustilo type IIT A and B injuries [13]. The mean exter-
nal fixation treatment averaged 6.6 weeks, and secondary
intramedullary nailing was done on average 7.4 weeks af-
ter injury. In 50% of the fractures, secondary nailing was
done at the same procedure as removal of the external fix-
ation. Overall, the incidence of osteomyelitis and non-
union was 3.1% each and of malunion 19%. The time to
full weight-bearing averaged 31.2 weeks. The results
were separately analyzed according to Gustilo types and
subtypes. In the Gustilo type III B injuries, the incidence
of osteomyelitis and non-union was 11%, while malunion
occurred in 33%. The time to full weight-bearing aver-
aged 53 weeks. These results support the conclusion that
this treatment modality is a valid alternative to other treat-
ment options. However, previous pintract infections
should be regarded as a contraindication for secondary
nailing.

Introduction

The debate on how to treat high-energy and open tibial
shaft fractures has intensified with the introduction of un-
reamed interlocking intramedullary devices [26, 32, 35].
Controversy still exists about the optimal treatment method
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for severe open Gustilo type III fractures [13]. Recently,
some authors have favoured primary unreamed interlock-
ing nailing in these fracture types [26, 35]. Common prob-
lems seen with external fixation in the management of
Gustilo type HI fractures include pintract, soft-tissue and
bone infections, as well as high non-union and malunion
rates [9, 10, 18]. In an attempt to lower the complication
rates associated with external fixation treatment in these
injuries, several investigators have suggested sequential
intramedullary nailing after complete soft-tissue healing
[4, 23, 24]. In our department this method of treatment
has increasingly been applied as a planned procedure in
recent years. This study reports the results of 32 fractures
treated with sequential nailing of open tibial shaft frac-
tures after primary treatment with an external fixation de-
vice over a time period of 6 years.

Materials and methods

A retrospective analysis of 31 consecutive patients with 32 tibial
shaft fractures (initial injury occurred between 1986 and 1992) was
done (Table 1). All patients were primarily treated at our depart-
ment with an external fixation device and subsequent conversion
to an intramedullary nail after soft-tissue healing. The charts and
the preoperative X-rays as well as the radiographs from the last
follow-up control of all 32 cases were retrospectively reviewed.
Follow-up information could be obtained in all cases at an average
of 22.6 months (range 6-54 months) after injury. The mean age of
the patients was 33 years (16-75 years) with a male to female ra-
tio of 4:1. Seventy-one per cent of the patients had multiple in-
juries. According to the AO classification [25] there were 28%
type A, 20% type B and 52% type C (comminuted) fractures. Two
high-energy closed fractures required fasciotomy within 24 h. In
addition, two fasciotomies were done for two grade II open frac-
tures within 36 h after injury. The 30 open fractures were classified
according to Gustilo et al. [13]: 4 were type I, 10 as type II, 7 as
type TII A and 9 as type III B. There were no type II1 C injuries. All
patients were treated within 24 h after injury with soft-tissue de-
bridement and application of external fixation. In all but two cases
a unilateral device (AO/ASIF tube external fixator) was used with
two 5-mm Schanz screws both proximal and distal to the fracture
site and two longitudinal bars. In the remaining two cases on
AQ/ASIF external point clamp fixator was used, also with two
clamps each on either side of the fracture. Conversion to an in-
tramedullary nail was not done as a standard procedure at our de-
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Table 1 Average treatment

data for open tibial shaft frac- External Time of No interval® Interval Soft-tissue
tures classified according to fixation intramedul- left procedures
Gustilo et al. [13] treatment lary nailing <1 week 1-3 (4) per patient
(median (median weeks (n)
days) days)®
; Type I# 32 39
a Type I group includes 2 pa- yp
tients with closed fractures (n=106) (12-75) (14=77) 2 (33%) 4 (66%) 0 (0%) 1.3
> Time of intrameduliary nail- Type 1T 29 38
ing after injury
¢ interval = time between re- (n=10) (5-150) (5-150) 6 (60%) 3 (30%) 1 (10%) 2
moval of external fixation and Type I A 28 31
intramedullary nailing. Soft- - _ - 79 1 (14% 2 (299 26
tissue procedures included de- (n="7 (7-105) (7-120) 4 (57%) (14%) (29%)
bridement, secondary wound Type II1 B 49 56
gosurev skin grafts and muscle  (,, _ gy (16-94) (16-108) 4 (44%) 2 (22%) 3 (33%) 32
aps
Table 2 Treatment results for
open tibial shaft fractures clas- Timehtto full Malonion®  Non-union Infection }_zcizg;lced
ified ding to Gustilo et weighi- ]
ZILIFI Bziwcor e fo bustio e bearing soft tissue  osteo- mobility®
(median myelitis
weeks)
* Type I group includes 2 pa- Type I* 15
tients with closed fractures (n = 6) (9-40) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
lation = 5 in frontl plane apd  1YP 1 27
> 10° in sagittal plane, > 10° (n=10) (18-42) 2 (20%) 0 (0%) 0 (0%) 0 (0%) 2 (20%)
of rotation and > 1 cm of leg Type LI A 27
discrepancy _ .
© Reduced joint mobility is de- (n=7) (10-33) 1 (14%) 0 (0%) 1 (14%) 0 (0%) 3 (43%)
ﬁr_led as loss of motio_n 'in ankle Type III B 41
joint > 10° and knee joint > =9 (18-128) 3 (33%) 1 (11%) 0 (0% 1 (11%) 3 (33%)

20°

partment, but it has been performed more frequently in recent
years, according to the surgeon’s preference. Reasons for change
included primary planning after soft-tissue healing in 19 fractures,
bone healing problems in 10 fractures, loosening of the external
fixation device in 2, and loss of reduction during treatment with
external fixation in 1. The majority of the cases were fixed with se-
quential nails before the routine use of the new solid unreamed AO
tibial nail. Thus, in 26 of 32 cases (81%) a reamed AO universal
tibial nail was inserted, an unreamed solid AO tibial nail in 5
(16%) and Ender rods in 1 (3%). In 7 of 9 fractures (78%) with
a grade III B open lesion, fixation with a reamed nail was per-
formed. The nails were statically locked in 10 cases (31%) with
subsequent dynamization in 8 of them at an average period of 6.5
months (4-9 months) after insertion. In two other cases (6%) the
nail was dynamically locked. At the last follow-up 11 nails (34%)
had been removed at an average period of 22 months (11-44
months) after insertion. The treatment results were analysed for all
32 fractures together and separately reviewed according to the
Gustilo types and subtypes.

Resuits

The mean external fixation treatment time averaged 6.6
weeks (1-20 weeks). Sequential nail fixation was per-
formed at an average of 7.4 weeks (1-20 weeks) after in-
jury. Pin tract infection was defined as any persistent
drainage from a pin site requiring intervention (enlarge-
ment of incision, etc.) or positive bacterial cultures from

the pin-site area [5, 23]. It was seen in three cases (9.4%).
Laboratory results concerning infection parameters (ery-
throcyte sedimentation rate, ESR, white cell counts,
WBC, C-reactive protein) within 2 weeks prior to sequen-
tial nail fixation were available in 10 cases. Of these re-
sults 60% was within normal limits, 20% mildly elevated
(WBC between 10000 and 12000, ESR < 30), and in
20% there was a moderate elevation of ESR (45 and 68,
respectively). All of these 10 cases underwent nailing
with uneventful healing. Thus, no correlation could be
drawn between elevation of these parameters and subse-
quent infection. In 16 fractures (50%) nailing was done at
the same procedure as external fixation removal. In 10
fractures there was an interval of 1 week between removal
of the external fixation and secondary nailing. In 5 cases
the interval spanned 1-3 weeks, and in 1 case the interval
was 4 weeks. Time to full weight-bearing averaged 31.2
weeks (9-126 weeks). Malunion was defined as angula-
tion in the frontal plane of more than 5 deg, angulation in
the sagittal plane or rotation of more than 10 deg, as well
as shortening of the leg by more than 1 cm. Rotation and
leg shortening were evaluated clinically. In cases with
fractures of the contralateral leg or ipsilateral femur frac-
tures, leg length measurement was obtained by comparing
the length of the lower legs on radiographs taken from
both sides. Routinely, X-ray of the uninvolved lower leg
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was done before secondary nail fixation to plan the cor-
rect length of the nail. The long bones of the contralateral
leg were fractured in five and the ipsilateral femur in three
cases. In three of these eight cases a conclusive evaluation
of leg length discrepancy could not be done. According to
the definitions above a malunion was observed in six frac-
tures (19%). Non-union occurred in one fracture (3%) due
to bone infection. Soft-tissue infection was seen in one
patient who went on to uneventful bone healing. Os-
teomyelitis developed in the above-listed case (3%) with
subsequent non-union and breakage of a nail. In this case
another nail was inserted after intramedullary reaming.
However, union was not achieved until removal of the
second nail and plating of the shaft with additional bone
grafting. Further complications included hypaesthesia in
the medial calf in two cases, extensor motor weakness due
to traumatic peroneal nerve palsy in two, incomplete com-
partment syndrome in one, asymptomatic non-union of
the fibula in one and chronic pain at the fracture site in
two. Reduced joint mobility of the knee and/or ankle joint
of more than 10 deg was recorded in eight cases (25%).
Cases with concomitant injuries to the ligaments of the
knee or ankle joint were not excluded and were counted as
possibly secondary to the fracture of the lower leg. In the
vast majority (seven cases) there was a reduced dorsal ex-
tension of the ankle joint. In two cases this was due to
posttraumatic incomplete peroneal nerve palsy. In the re-
maining case there was a 20 deg loss of flexion of the
knee joint (Table 2).

The results were separately analysed according to dif-
ferent Gustilo fracture (sub)types and are listed in Tables
1 and 2. The two patients with closed fractures were
added to the patients with type I fractures. In all nine
cases with Gustilo type ITI B fractures, a muscle flap for
soft-tissue coverage was performed. Muscle flaps in-
cluded five hemisoleus flaps, a combined hemisoleus and
medial gastrocnemius flap in one case, and three free
latissimus dorsi flaps. Definite soft-tissue coverage in-
cluding muscle flaps was achieved at primary surgery in
three (33%) of the Gustilo type TII B cases. In the remain-
ing six fractures, coverage with a muscle flap was per-
formed between the 2nd and 17th day after injury.

Bone grafting was done in 5 cases (56%) with type I1I
B fractures at an average of 4 months (2 week—11 months)
after injury. In the seven cases with type III A fractures,
wound closure was obtained by skin grafting after an av-
erage of two soft-tissue debridements. In this latter group
bone grafting was performed only in one case (14%) 6
weeks after injury.

Discussion

The reported infection rates for treatment of open tibial
shaft fractures with external fixation range from 7% to
30% depending on the severity of the fractures [2, 3, 8,
18, 30, 32]. Malunion rates range from 10.5% to 46%, and
non-union is reported in 11% to 48% [1, 2, 18, 30, 32].
Time to union in type III fractures with external fixation

ranged from 30 to 38 weeks and averaged 47.2 weeks
when only type III B injuries were included [5, 10, 18].
Infection rates ranged from 29% to 35% in type II1 B frac-
tures [8, 10]. A malunion rate of 71% was reported in this
injury type treated with external fixation alone by Court-
Brown et al. [10].

Infection rates for primary reamed nailing of acute tib-
ial shaft fractures in the literature range from 6% to 20%
[6, 15,17, 19, 28]. As this procedure is not recommended
in severe open fractures [7, 9, 14], most patients included
in these studies had type I and type II open fractures. To
our knowledge only Court-Brown et al. [11, 12} have pub-
lished results of primary reamed nailing in type III B open
tibial shaft fractures. They found infection rates of 9.5%
in type III injuries. In type III B fractures they reported in-
fection rates of 12.5% and 23%. In the latter patient
groups time to union averaged 50.1 and 71 weeks, and
mal-union was found in 15%.

In patient groups with various types of open tibial frac-
tures, infection rates after primary unreamed nailing with
flexible and solid devices were found to be within 3.3%—
8% [16, 21, 22, 33-35]. Malunion with flexible devices
was recorded in 17% to 21% and non-union with both
flexible and solid nails in 2.4%-6.3% [18, 36]. Infection
rates ranged from 6% to 17% for type III fractures and
were reported in 25% after the same treatment in type III
B fractures [18, 32, 34-36]. In type III fractures non-
union rates ranged from 5.8% to 26% [18, 35, 36], malu-
nion was reported in 26% [32] with solid devices, and the
average time for healing is reported to be 6.8 months. In
their prelimary report about treating 19 open tibial shaft
fractures (47% type TI) with solid interlocking nails, Pic-
cioni and Guanche [26] found no infection at all. How-
ever, at the time of the report, 5 fractures had not defi-
nitely healed and 3 (16%) had already undergone sec-
ondary nailing for delayed bone healing. Krettek et al.
[20] could not find infection in 10 patients with type HI B
fractures primarily treated with an unreamed solid nail.
However, the study is limited by low patient numbers.
Additionally, they reported muscle flap coverage in only
10% of their cases, whereas in the present study in all of
the patients with type III B injuries, a muscle flap was
performed. This may indicate classification problems as
well.

A number of authors advocate against secondary nail-
ing of open fractures after primary treatment with external
fixation [5, 7, 14, 24]. Infection rates were reported to
range from 25% to 44% with this treatment regimen in
two studies [23, 24]. However, in both of these studies
there was pin tract infection during external fixation treat-
ment in five of six and in five of seven patients who con-
sequently developed deep infection after sequential nail-
ing. In 80% of the patients with pin tract infection and fur-
ther osteomyelitis, the same bacteria were isolated before
and after changing to a nail. Maurer et al. [23] demon-
strated the significant increase in risk (to 71%) of devel-
oping subsequent deep infection when nailing was done
after evidence of pin tract infection. Consequently, they
listed pin tract infection as a contraindication for sec-
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Table 3 Interval length between removal of external fixation and sequential nailing and number of cases with consequent infections

Reference Number of Number of Interval length Interval in cases Conclusions regarding
patients infections  in study with infections interval length and
incidence of infection
Abhlers et al. [1] 13 0 2 weeks (cast) - Recommended as done
Blachut et al. [4] 39 2 0-3 weeks 1 x 5 days No correlation to interval
1 X no interval
Bone and Johnson [6] 5 0 7-10 days - Recommended as done
Maurer et al. [23] 24 7 3 days—54 wecks 9 days—14 weeks > 3 weeks (based on study
in canine model)
McGraw and Lim [24] 16 7 mean 3 weeks 1 X no interval No correlation to interval
6 x interval® length found
Puno et al. [27]>° 1 5-7 days Recommended as done
Siebenrock et al. [31] 24 1 0—4 weeks 1 x 2 weeks No correlation to

interval found

2 Total number of patients not listed
b Detailed interval length not listed

ondary nailing. We strongly support this. The only patient
who developed ostesmyelitis after sequential nailing in this
study had clinical signs of former pin tract infection, al-
though no pathological bacteria could be isolated from the
pin ftract site. In studies with a low incidence of pin tract
infections, sequential nailing resulted in subsequent deep
infections in only 4%—-6% [4, 31]. Also, those studies
comprised patient groups with different types of soft-tis-
sue injuries. However, none of the 12 patients with type
I fractures reported by Blachut et al. {4] developed in-
fection after sequential nailing. In the present study the re-
sults were separately analysed for the different types of
open injuries. The non-union and infection rates of 6% in
type III fractures (11% in type III B) and the malunion
rates of 25% (33% in type III B) indicate favorable results
with the sequential treatment method, especially when
compared with the treatment of type III injuries by exter-
nal fixation alone [3, 8, 10]. Furthermore, two of the three
malunion cases of the type III B fractures consisted only
in leg shortening (1-3 cm). This is partially due to bone
loss and comminuted fracture type. Primary nailing of
type III injuries may be an alternative option. However,
there are few studies that document the final outcome of
severe, open, type III A and type III B injuries. Also, the
limited stability with unreamed devices and the com-
monly found comminuted fracture pattern in these injuries
may render primary unreamed nailing a less than optimal
treatment option [7, 11, 14, 26, 34]. Extemal fixation still
has the advantage of a rigid fixation which can easily be
achieved, especially in patients with multiple injuries.
When performing a sequential intramedullary nailing
after external fixation, early exchange as soon as the soft
tissues have healed safely seems to decrease the infection
rates. Pin tract and deep infections are definitely lower
when nailing was performed 2-6 weeks after the injury [4,
31] than 12-16 weeks after injury [23, 24]. Rommens et
al. [29] demonstrated that a shorter treatment period with
external fixation reduces the risk of pin tract colonization.
The soft-tissue management itself plays another decisive
role in the final outcome. A variety of studies show es-

sential advantages of repeated aggressive soft-tissue man-
agement aiming at early definite skin cover and prophy-
lactic bone grafting in severely comminuted fractures [5,
8, 34]. Muscle flaps and definite skin cover at primary
surgery were performed in 33% of the patients with type
III B injuries in this study. In 56% of the patients with
type III B injuries, bone grafting was performed in the
further course.

There is still debate about leaving an interval between
removal of external fixation and sequential nail implanta-
tion. However, even in the studies with high infection
rates, no significant benefit of an interval could be proven
[23, 24]. A number of authors have recommended differ-
ent interval lengths, as shown in Table 3. In other studies
no increased risk could be found when there was no inter-
val at all, and nailing was done in the same procedure as
the removal of external fixation [4, 31]. In this study there
was no interval for 50% of the patients. The only infection
seen was in a patient in whom nailing was done 6 weeks
after injury without leaving an interval. However, 2 weeks
before this procedure there were clinical signs of pin tract
infection, although cultures were negative. Reviewing the
literature, we believe that this indicates a high risk of in-
fection subsequent to a pin tract infection rather than the
need to leave an interval. A previous pin tract infection
should be strictly regarded as a contraindication for se-
quential nailing [24]. Definition of pin tract infection has
been proposed as any drainage from pin tract sites (a) with
positive cultures from pin site or (b) which requires any
kind of intervention [5, 23].

In conclusions, sequential nailing after external fixa-
tion treatment is an effective treatment method for severe
tibial shaft fractures including Gustilo type III A and B in-
juries. Based on our data as well as on a literature review,
there is no significantly higher risk of infection when se-
quential intramedullary nailing is performed at the same
procedure with external fixation removal given the strict
criterion of absence of former pin tract infection. Aggres-
sive soft-tissue management aiming at early wound cover-
age (including muscle flaps) and bone grafting plays an-
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other decisive role in the treatment of severe open tibial
shaft fractures.
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