

















Minimally invasive EINE for tibia-fibula fractures

Figure 1. Male patient, 49 years old. A. Anteroposterior and lateral X-rays of the tibia-fibula fracture. B. Anteropos-
terior and lateral X-rays after tibial intramedullary elastic nail + external fixation, as well as fibular intramedullary
elastic nail fixation. C. Anteroposterior and lateral X-rays 6 months after surgery showing bony union of the tibia. D.
Anteroposterior and lateral X-rays after removal of external fixator, 6 months after surgery. E. Anteroposterior and
lateral X-rays after removal of internal fixations, 7 months after surgery.

Figure 2. Male patient, 17 year old, treated with plate. A. Anteroposterior and lateral X-rays of the tibial fracture. B.
Anteroposterior and lateral X-rays 8 months after surgery, showing blurred fracture line and basic fracture healing.
C. Anteroposterior and lateral X-rays after removal of internal fixation, 10 months after surgery.

the fracture site as much as possible and blood
supply is well protected, a very long steel
plate is usually needed for the treatment of
tibia-fibula long-spiral multiple-segment frac-
tures, with some occult fractures. In this
case, content on injured limb calf and risk
of osteofascial compartment syndrome are
increased artificially [14]. Intramedullary nails
are for central axis fixation, but the actual oper-
ation is relatively difficult, which not only
increases surgical time, but also has potential
risk of bone splitting during nail insertion.
Additionally, closed reduction and enlargement
of the medullar space are relatively difficult
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for comminuted or multi-segment fractures.
The reset usually needs to be cut, both intra-
medullary and extramedullary blood supplies
are destroyed, and blood supply at the fracture
ends is destroyed. Therefore, intramedullary
nail fixation had certain limitations.

On the other hand, external fixation has advan-
tages for protection of fracture local blood sup-
ply. This method highlights the characteristics
of minimally invasive treatment for fracture and
BO. However, the strength of simple external
fixation is relatively weak, and cannot maintain
the reset and fixation of fracture ends effec-
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Figure 3. Male patient, 14 year old, treated with plate. Lateral X-rays before surgery (A), after surgery (B), 15 months
after operation, the X-ray shows fracture non-union and malunion (C), reoperation with interlocking intramedullary
nail fixation (D), 8 months after reoperation, X-ray shows fracture union (E), and after removal of fixation (F). (A)
Anteroposterior and lateral X-rays of tibia-fibula fracture. (B) Anteroposterior and lateral X-rays after internal fixation
with steel plate. (C) Anteroposterior and lateral X-rays 15 months after internal fixation with steel plate, showing
hardening of the fracture end and nonunion. (D) Anteroposterior and lateral X-rays after reoperation with interlock-
ing intramedullary nail fixation. (E) Anteroposterior and lateral X-rays 8 months after reoperation, showing blurred
fracture lines and fracture union. (F) Anteroposterior and lateral X-rays after removal of the intramedullary nail.

tively. To solve this problem, many authors have
tried to achieve strong fixation by increasing the
stiffness of external fixation or limited opening
of tensile fixed fracture block [15]. As previous-
ly indicated [16], the problem is that strong
stress shielding decreases the stress on the
bone for a long time, which would finally lead to
loss of bone mass of cortical bone and increase
fracture healing time. After removal of fixation,
there is an increased risk of refracture. External
fixation combined with elastic intramedullary
nails for treatment of comminuted tibia-fibula,
long-range and multi-segment fractures should
overcome the above disadvantage: 1) intra-
medullary and extramedullary double elastic
fixation does not occupy the space for soft tis-
sues; the contact area between fixtures and
cortical bone is small, which protects the blood
supply for fracture ends and soft tissue to the
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largest extent, and complies with BO principles;
2) surgery is easy, surgical time is short, blood-
ing loss is small, interference to damaged soft
tissues is small, and postoperative soft tissue
swelling and necrosis rate are decreased; and
3) removal of external fixation can be conduct-
ed by stages or slightly in advance to decrease
the rate of nail tract infection and inconve-
nience to patients, compared with simple exter-
nal fixation.

As observed by Liu et al. [17], early loading can
accelerate bone healing. If callus formation is
delayed, the possibility of delayed union is
increased. Studies have shown that in order to
stimulate bone callus formation, relatively
small fracture block activity (about 0.2 mm)
was enough, and could be withstood compared
with large fracture block activity (about 1 mm).
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Wan et al. [18] observed that stress stimulation
in the middle to late stage of fracture had sig-
nificant impact on healing. In this study, exter-
nal fixation was removed once continuous cal-
lus growth was observed at the fracture ends
by X-ray review; therefore, time with fixation
was largely shortened. On one hand, it de-
creased the rate of nail tract infection; on the
other hand, due to the use of elastic nail and
intramedullary elastic splint fixation, transfor-
mation of high stiffness fixation to elastic fixa-
tion and dynamic fixation of axial movement
were conducted. In this case, stress shielding
was decreased, and discontinuous longitudinal
pressure at the fracture ends was produced,
promoting bone healing [19]. The final bone
healing time for all the patients in this study
was 24-32 weeks, with average 28 weeks, and
it was shorter in the EINE group compared with
the plate group. Previous studies in tibia-fibula
fracture also showed good outcomes with the
EINE approach [11, 20, 21].

In the present study, patients with complica-
tions (ankle dorsiflexion and plantar flexion dys-
function, delayed union, angulation, and limb
shortening deformity) all belonged to level 3 or
4 fractures with high level of comminuting and
to the C3 type with large quantity of cortical
comminuting. Therefore, for severe fracture
block separation and fractures with small and
large number of fragments, it could not be con-
cluded that this approach had better biological
fixation. In this case, the distance between the
fracture line to tibia-fibula superior or inferior
joint surface should be more than 4-6 cm. EINE
should be particularly suitable for patients with
long-spiral, multi-segment, level 1 and level 2
comminuting fracture accompanied or not by
relatively long occult fracture line, especially for
patients with soft tissue highly swelling and
patients who could not undergo early surgery
due to contusion.

The present study is not without limitations. It
was a retrospective study of cases from a sin-
gle center. In addition, the sample size was
small. Multicenter trials should be performed
to assess adequately the value of EINE in
these patients.

In conclusion, minimally invasive EINE for treat-
ment of comminuted closed tibia-fibula frac-
tures achieved satisfactory results. There is no
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commonly accepted fixation technique that
can be widely used for the treatment of com-
minuted tibia-fibula fractures, and selection of
fixation still depends on the knowledge and
experience of surgeons, patients, and fracture
types [22]. Additional studies are required to
examine the best fixation approach for these
complicated fractures.
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