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Dual-channel minimally invasive percutaneous cerclage for
femoral shaft and metaphysis fractures during the internal fixation
with intramedullary nails: case reports and technical description
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Abstract: When treating femoral fractures with closed reduction intramedullary nail fixation, excessive

residual displacement of the fracture end can affect the fixation effect and prolong the healing time, which

is difficult to manage intraoperatively. This article introduces a simple steel wire cerclage fixation technique,

which is percutaneous and can control the incision within 1 cm without excessive reliance on specially

designed surgical instruments. It is suitable for the reduction and fixation of oblique femoral metaphysis

fractures and butterfly-shaped femoral shaft fracture blocks.
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Introduction

When using closed reduction intramedullary nail fixation
to treat femoral fractures, the placement of the main or
locking nail may lead to increased displacement of the split
fracture at the metaphysis, thereby affecting the quality
of reduction and the effectiveness of internal fixation.
The separation and displacement of the butterfly-shaped
fracture block in the femoral shaft can prolong the healing
time of the fracture and increase the risk of non healing,
especially when the separation and displacement of the
fracture block is greater than 10 mm (1-3). Small incision
reduction and cerclage fixation are significantly affected by
soft tissue thickness and are difficult to operate. There have
been reports on minimally invasive cerclage of the femur
(4-6), but the surgical incisions need to be large enough
to accommodate relatively complex specialized tools. The
dual channel percutaneous steel wire cerclage surgery
introduced in this article does not require special surgical
instruments, and the incision can be limited to within 1 cm.
The operation is simple, minimally invasive, gentle, and not
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affected by soft tissue thickness.

Case presentation

Case 1 (Figure I): a female, 65-year-old patient. A crushed
stone machine injury caused left femoral shaft fracture,
combined with pelvic fractures and dislocation of the right
hip joint (Figure 14). After admission, emergency general
anesthesia was administered before manual reduction of
the right hip joint and percutaneous hollow screw internal
fixation of the pubic bone fracture. On the 11th day after
injury, closed reduction and antegrade intramedullary nail
internal fixation of the femoral fracture were performed.
After the intramedullary nail had been successfully
implanted and locked during the operation, an X-ray showed
significant separation and displacement of the butterfly-
shaped fracture block at the fracture site (Figure 1B).
Therefore, incisions of 5 and 9 mm were made on the
anterior medial and posterior lateral sides of the thigh at the
fracture site, respectively, and a hollow screwdriver was used
as threading device (Figure 1C,1D). The traction line was
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Figure 1 Case 1. (A) Preoperative CT image, (B) preoperative fluoroscopy image during percutaneous cerclage, (C-G) cerclage operation

process, (H-J) surgical incision, (K,L) intraoperative cerclage effect, and (M,N) postoperative follow-up. CT, computed tomography.

inserted through the anteromedial incision with the hollow tying channel with the thin wire (Figure 1G). Then, the
screwdriver. The ends of the thread were pulled out from wire was tightened externally, and the end of the wire was
the posterior lateral incision around the femur (Figure 1E), buried deep in the soft tissue. The cerclage operation took
and after the thin wire was drawn in with the traction 12 minutes and resulted in approximately 5 mL of blood
thread (Figure 1F), the thick wire was drawn into the loop- loss. After the above operation, the incision site had a
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discreet appearance (Figure 1H-17) and a good reduction
effect (Figure 1K-1IN).

Case 2 (Figure 2): a female, 65-year-old patient. Due
to the sequelae of cerebral infarction, the patient had
lost coordinated movement of the limbs on one side and
subsequently fallen, resulting in a subtrochanteric fracture
of the femur with basal femoral neck fracture (Figure 24).
On the third day after injury, she underwent surgery and
Intertan intramedullary nail (Dabo Medical Technology
Co., LTD., Xiamen, China) fixation was performed. During
the surgery, traction reduction was performed, and a slight
displacement of the oblique fracture end was observed
under fluoroscopy (Figure 2B). A guide needle was inserted,
and the medullary cavity was expanded accordingly
(Figure 2C). After inserting the main nail along the guide
needle, the displacement of the fracture was found to
worsen (Figure 2D). After placing the intramedullary nail
to a normal depth, the proximal locking nail position was
determined and a pre incision of 2.5 cm was made. Then,
the intramedullary nail was withdrawn, and the binding
site was positioned under fluoroscopy (Figure 2E). A 3 mm
incision was made on the anteromedial thigh at the medial
margin of the femur, through which an improved threading
device (hollow tube: outer diameter 3 mm, inner diameter
1 mm) was punctured, using an elastic thread as the initial
traction line. The traction line was led out from the locking
nail incision at the proximal end of the intramedullary nail
(Figure 2F), and after the traction line had been replaced
by a thin steel wire (Figure 2G), the thin steel wire was
converted into a thick steel wire (Figure 2H). The steel
wire was tightened externally to reduce the fracture end
(Figure 21,27), then the main intramedullary nail was
inserted again and locked after the femoral medullary
cavity had been re-surfaced with medullary cavity drills.
After the surgery, the anatomical reduction of the fracture
was observed through fluoroscopy (Figure 2K,2L), and a
minimally invasive appearance was achieved (Figure 2M,2N).
The cerclage operation took 10 minutes and resulted in
approximately 5 mL of blood loss.

Technical approach of percutaneous cerclage

Instrument preparation (Figure 3): threading device (hollow
screwdriver or hollow tube), wire of different diameters,
vascular forceps (Figure 3A), elastic traction line (Figure 3B).

Operation process (Figure 4): fluoroscopy is used
to locate the binding site. An incision is made on the
anteromedial thigh level at the medial margin of the femur,
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and another incision is made on the posterior lateral sides
of the thigh at the fracture site, with lengths of about 3-5
and 9 mm, respectively. The elastic traction line is inserted
into the threading device, and the threading device is
used to puncture to the front side of the femur through
the anteromedial incision, and then slid along the medial
bone surface to the back. The tip of the vascular clamp is
slid back along the bone surface after puncturing through
posterior lateral incision, and the position of the fracture
block is identified through touching by the tip of the
vascular clamp (Figure 44). Then, the fascia attached to
the thick line of the femur is penetrated after the tip of the
forceps encircles the fracture block. Both hands hold the
threading device and vascular clamp respectively to make
contact with each other in the medial posterior section of
the femur, ensuring that the threading device is located
within the clamping range of the tip of the vascular clamp
(Figure 4B). At this time, the assistant pushes the elastic
traction line inward to ensure that it does not retract. The
operator retracts the threading device to the side of the
vascular clamp, clamps the vascular clamp, and extracts the
elastic traction line to the outside of the skin (Figure 4C).
Then, the vascular clamp is inserted from the original soft
tissue channel to the lateral side of the femur, and cuts along
the bone surface to the anterior side of the femur. At the
same time, the threading device tip is slid from the medial
to the anterior side of the femur. When the vascular forceps
come into contact with the threading device, the elastic
traction line at the outlet of the threading device is clamped
with the vascular forceps and removed to the outside of the
skin (Figure 4D). Through the above operation, the two
ends of the elastic traction line encircle the femur 360° and
lead out from the posterior lateral incision. One end of the
elastic traction line is connected to the thin steel wire (fold
in half) (Figure 4E), and the elastic traction line is removed
to achieve the conversion between the elastic traction line
and the thin steel wire. Then, according to the needs of the
fixation strength, the thin steel wire is converted to thick
steel wire (Figure 4F), and the steel wire is finally tightened
outside the skin for fracture reduction and fixation
(Figure 4G). After completing the surgery, the external steel
wire is cut, and the tail end twisted, with a clamp, then it is
pushed deep away from the deep fascia (Figure 4H).

This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013) and was
approved by Ethics Committee of Zibo Municipal Hospital,
Shandong Province (No. 20240729), and all participants
provided written informed consent.
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Figure 2 Case 2. (A) Preoperative X-ray image, (B-E) preoperative fluoroscopy images before percutaneous cerclage, (F) the elastic traction
line threading operation, (G,H) conversion between the elastic traction line and different types of wires, (I-L) intraoperative cerclage effect,

and (M,N) surgical incision size.
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Figure 3 The main tools involved in this study. (A) Hollow threading machine (hollow screwdriver or iron pipe), vascular clamp and

different types of steel wires; (B) the outer packaging information of the elastic traction line.

&.
C

Figure 4 Operation procedure demonstration. Threading apparatus and vascular clamp reach the femoral surface through different

channels (A) and clamp the threader with the vascular clamp on the opposite side of the femur (B). The elastic traction line is sent through

the threading device to the clamp site and then extracted (C,D). After the vessel clamp returns through the original channel, the tail end of

the elastic traction line is extracted from the anterior side of the femur (D,E), the thick steel wire is introduced into the looped channel with

a thin steel wire after the thin steel wire is first introduced with the elastic traction line (E,F), and the wire is tightened and buried deep (G,H).

Discussion

When intramedullary nail fixation is used for femoral
fractures, the mismatch between the diameter of the
medullary cavity and the intramedullary nail can affect
the reduction effect, especially in cases of split or oblique
fractures of the metaphysis, which can increase the difficulty
of reduction. Research has found that the incidence of
malunion after intramedullary nail fixation for epiphyseal
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fractures can reach up to 29% (7). The presence of free
bone fragments in the femoral shaft increases the risk of
nonunion of fractures, with a reported incidence rate of
up to 12.5-34% in the literature (1,7). The human thigh
muscles are rich in vasculature, and after a femoral fracture,
there is blood accumulation and muscle edema in the soft
tissue. Severe thigh swelling leads to a deeper fracture site,
especially in obese patients. Therefore, when implementing
intramedullary nail fixation, it is difficult to handle the
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misalignment of the fracture end or the displacement
of the butterfly bone block. The cerclage technique has
been shown to play an important role in improving the
quality of fracture reduction and fixation strength, and
shortening healing time in intramedullary nail fixation of
subtrochanteric fractures of the femur (8-10). The cerclage
technique utilizes the adaptive principle of fractures to make
it easier to reduce, and the binding fixation of the fracture
block on the side where the diameter of the medullary
cavity and intramedullary nail do not match can not only
reduce the fracture block, but also increase the stability of
the fracture end relative to the intramedullary nail. The
core of minimally invasive technology in this study lies
in the placement of a traction line through two channels,
followed by the conversion of the traction line and steel
wires, making the threading process easier and closer to the
bone surface. The conversion between thin and thick steel
wires can meet the needs of different fixation strengths.
The surgical incision is mainly used to meet the shuttle of
the elastic traction line. The threading instrument is simple,
and the operation is not affected by soft tissue thickness.
Compared to a single incision with titanium cable or steel
wire ligation, the operation is more minimally invasive and
gentle. Therefore, in addition to being used for reduction
and fixation of oblique fractures of the epiphyseal end, it
is more advantageous to handle relatively small butterfly-
shaped bone blocks.

During intramedullary nail fixation for femoral shaft
and metaphysis fractures, nailing is used to align and
enable early mobilization and weight bearing. Combined
percutaneous binding techniques can increase fracture
stability at minimal cost, reduce the risk of fracture
nonunion due to fracture instability, and shorten fracture
shaping time. The drawback of this study is the lack of a
large number of clinical case-control studies.

Conclusions

Dual channel percutaneous steel wire cerclage is a simple,
minimally invasive, and practical surgical technique that
can be used for minimally invasive reduction and fixation of
oblique femoral metaphysis fractures and butterfly-shaped
femoral shaft fracture blocks during the internal fixation
with intramedullary nails.
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