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Abstract

Objective: This study was performed to investigate the efficacy and safety of percutaneous
antegrade nailing with a reductor-T tape pin in the treatment of ipsilateral multisegmental femoral
shaft fractures (IMFSFs).

Methods: Nineteen patients with IMFSFs underwent antegrade nailing with a reductor-T tape
pin by percutaneous techniques. The operation time, reduction time, fluoroscopy time, blood
loss, fracture union time, and complications were recorded.

Results: All 9 patients (100%) achieved technical success. The mean and median operation time
were 62.42+16.27 and 60 (range, 40—105) minutes, respectively; the mean and median reduction
time were 11.4743.78 and 10 (range, 8-22) minutes, respectively; the mean and median fluo-
roscopy time were 16.63+6.10 and |5 (range, 10-35) s, respectively; and the mean and median
blood loss were 185.26+62.75 and 180 (range, 110-350) mL, respectively. Additionally, all
I9 patients (100%) achieved fracture union within a mean and median time of 3.95+£1.75 and
3 (range, 3-9) months, respectively; most patients [n=14 (73.7%)] achieved fracture union within
3 months. No obvious complications occurred during the study.

Conclusion: Antegrade nailing with a reductor-T tape pin by a percutaneous technique is effec-
tive and well tolerated in patients with IMFSFs.
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Introduction

Treatment of ipsilateral multisegmental
femoral shaft fractures (IMFSFs) is a
great challenge despite advancements in
modern medical care. IMFSFs are rare
complex fractures accounting for approxi-
mately 0.31% of all fractures in adults.'
Closed reduction and intramedullary nail-
ing are considered the most common treat-
ments for adult femoral shaft fractures.
However, some patients do not achieve
anatomical reduction with closed treat-
ment, and the treatment effectiveness is
sometimes unsustainable during subsequent
implanting procedures, even with the assis-
tance of a traction table; this is especially
true for patients with IMFSFs.? © Thus, the
exploration of novel treatment options to
resolve  this  critical issue is  of
great importance.

Complex femoral shaft fractures, includ-
ing IMFSFs, are often characterized by dif-
ficulties in inserting the guide wire into the
distal medullary cavity from the proximal
medullary cavity passing the fracture site.
Open reduction is recommended to over-
come this issue; however, open reduction
is associated with a lower union rate and
higher infection rate in some cases.”’
Therefore, to address this problem and
achieve closed reduction, we designed the
reductor-T tape pin, an intramedullary
reduction device that facilitates relatively
easy and appropriate insertion of guide
wires. The present study was performed to
investigate the efficacy and safety of ante-
grade nailing with the assistance of this

novel intramedullary reduction device by a
percutaneous  technique in  patients
with IMFSFs.

Methods

Patients

This study involved consecutive patients
with IMFSFs who underwent antegrade
nailing with our novel intramedullary
reduction device (reductor-T tape pin) by
percutaneous techniques from January
2013 to December 2015 at our hospital.
The inclusion criteria were a diagnosis of
IMFSF by imaging examination (Figure 1
shows a representative image of a patient
with IMFSF), age of >18 years, and perfor-
mance of antegrade nailing with the
reductor-T tape pin by a percutaneous tech-
nique. The exclusion criteria were open
fractures, pathological fractures of the fem-
oral shaft, and an inability to be regularly
followed up.

Ethics approval

This study was approved by the ethics com-
mittee of our hospital and conducted under
the guidelines of the Declaration of
Helsinki. All patients or their family mem-
bers provided written informed consent.

Description of reductor-T tape pin

The reductor-T tape pin is primarily com-
posed of a screw head, connecting rod, and
T tape handle (Figure 2). The diameter of
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Figure I. Representative image of IMFSFs. This
image was obtained from a 36-year-old man with
IMFSFs caused by a traffic accident. IMFSFs, ipsilat-
eral multisegmental femoral shaft fractures.

Figure 2. Image of reductor-T tape pin.

the screw head gradually increases from
4.5mm at the beginning to 6.0 mm at the
end with a 3.0-cm length. The screw head
can be fixed to the unilateral cortical bone
of the femoral shaft, and the surgeon can
grasp the connecting rod and T tape handle
to control the fracture site by the
“joystick technique.”

Surgical procedures

All operations were performed 2 to 5 days
after the initial injury, and the IMFSFs
were treated by antegrade nailing with the
assistance of the reductor-T tape pin by a
percutancous technique as follows. The
patient was first placed on the traction
table in the supine position under epidural
anesthesia, and the relative shift of both
fracture ends was observed under C-arm
fluoroscopy. The skin was then prepared
and sterilized, and the tip of the greater tro-
chanter was selected as the entry point of
the intramedullary nail. The shin was
incised to expose the entry point of the
nail, and a guide pin was inserted to the
tip of the trochanter. A sleeve was then
passed down to the starting point along
the guide pin, and the proximal femur was
opened with an opening reamer. The frac-
tures were initially reduced by traction on
the traction table, and several 0.5-cm stab
incisions were then made laterally in the
thigh about 3 to 5 cm from both sides of
the fractures. A soft tissue separator
(Figure 3) was inserted from the small stab
incision to the bone, and the unilateral
cortex of the femoral shaft was drilled
through the sleeve using a drill with a diam-
eter of 4.2 mm. The reductor-T tape pin was
subsequently screwed to the unilateral
cortical bone of the femoral shaft, and the
residual displacement was aligned by the
reductor-T tape pin with double “joystick
technique.” While the fracture reduction
was maintained, the guide wire was inserted
from the proximal to distal femoral
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Figure 3. Image of soft tissue separator.

medullary canal (Figure 4), and a series of
flexible reamers was used to increase the
diameter of the femoral medullary canal
while the reductor-T tape pin controlled
the intermediate fracture fragment. Finally,
the intramedullary nail was inserted along
the guide wire to fix the displaced femoral
shaft fractures (Figure 5) (the selected nail
was | mm smaller in diameter than the last
reamer). Fluoroscopy was conducted during
the operation to monitor the procedure.

Postoperative management and follow-up

Isometric quadriceps exercises were per-
formed on day 1 postoperatively, crutch-
assisted walking without weight-bearing
was conducted from day 2 to week 6, and
crutch-assisted walking with partial weight-
bearing was conducted from week 6 until
fracture union; walking with full weight-
bearing was allowed thereafter. Fracture
union was defined as callus bridging of the
fracture site as shown on serial radiographs.
Patients were regularly followed up once

per month during the first 3 months, once
every 3 months during the following
6 months, and once every 6 months there-
after. A radiological and clinical evaluation
was performed at each visit. The median
follow-up duration was 24 months (range,
18-30 months), and the last follow-up date
was 31 December 2017.

Data collection

Age, sex, causes of IMFSFs, operation
time, reduction time, fluoroscopy time,
blood loss, fracture union time, and compli-
cations were recorded in this study.

Statistics

The statistical analysis was mainly con-
ducted using SPSS 22.0 software (IBM
Corp., Armonk, NY, USA). Data are
mainly presented as mean + standard devi-
ation, median (range), or count (percent-
age). Descriptive data analysis was mainly
applied in this study.

Results

Baseline characteristics

Nineteen patients with IMFSFs were
included in this study. The mean age of
the patients was 37.37+£16.93 years, and
they comprised 16 (84.2%) males and
3 (15.8%) females (Table 1). According to
the AO/OTA classification, all fracture pat-
terns were type 32-C2 (100.0%). Twelve
(63.2%) patients’ fractures were caused by
a traffic accident, while seven (36.8%) were
caused by falling from a height. The
detailed characteristics of each patient are
shown in Table 2.

Operative indexes and
treatment outcomes

All patients (100%) achieved technical suc-
cess by antegrade nailing with the assistance



Journal of International Medical Research 47(9)

(b)

Figure 4. Fracture reduction by reductor-T tape pin. IMFSFs were reduced using the reductor-T tape pin
by traction via a fracture table. (a) Image of a proximal displacement fracture. (b) Image of a distal dis-
placement fracture. (c) Image of operation. IMFSFs, ipsilateral multisegmental femoral shaft fractures.

of the reductor-T tape pin via a percutane-
ous technique. Table 3 shows the mean and
median operation time, reduction time,
fluoroscopy time, and blood loss. All 19
patients (100%) achieved fracture union
within a mean and median time of
395+ 1.75 and 3 (range, 3-9) months,
respectively; most patients [14 (73.7%)]
achieved fracture union within 3 months.

Complications

No wound infection, limitation of knee or
hip function, or nail loosening or breakage

was  observed  during the  study.
Additionally, no patients had obvious
valgus or varus deformity, leg length dis-
crepancy of >1 cm, or anterior superior
iliac spine—patellar midpoint—second meta-
tarsal malalignment.

Discussion

In the present study, we designed a
reductor-T tape pin as an intramedullary
reduction device and observed that ante-
grade nailing with the assistance of the
reductor-T tape pin by a percutaneous
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(a)

Figure 5. Successful fixation by antegrade nailing using reductor-T tape pin. (a) Anteroposterior view of
successful fixation. (b) Lateral view of successful fixation. (c) Intraoperative skin incision.

Table 1. Characteristics of patients with ipsilateral
multisegmental femoral shaft fractures

Parameters Patients (n=19)
Age (years) 37.37+£16.93
Sex

Male 16 (84.2)

Female 3 (15.8)
AO/OTA type

32-C2 19 (100.0)
Cause of fractures

Traffic accident 12 (63.2)

Falling from height 7 (36.8)

Data are presented as mean =+ standard deviation or n (%).

technique was effective and well tolerated in
patients with IMFSFs with a 100% techni-
cal success rate and 100% fracture
union rate.

IMFSFs are often caused by high-
velocity or high-energy trauma and are a
rare type of femoral shaft fracture that
occur in patients in severe clinical condition.
Increasing numbers of studies are revealing

that closed reduction with intramedullary
nailing fixation is effective in the treatment
of adult femoral shaft fractures.* '
However, several problems or difficulties
are encountered in the treatment of some
complex femoral shaft fractures, especially
IMFSFs. First, the guide wire must be
inserted into the distal medullary cavity
from the proximal cavity and must pass the
fracture site before the intramedullary nail is
implanted; however, the powerful deform-
ing and shortening forces of the quadriceps
with traction provided by a traction table are
difficult to overcome.'' Additionally, heavy
traction can lead to nerve and skin injury,
including stretch wound of the foot,
pudendal nerve trauma, perineal ulcers,
peroneal nerve palsy, and compartment
syndrome.'>'® Although some surgeons
propose that open reduction may eliminate
these concerns, such treatment is often cor-
relate with relatively low fracture union effi-
cacy and a high infection rate.”” Second,
reaming, which is applied to enlarge the
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Table 2. Detailed information of patients with ipsilateral multisegmental femoral shaft fractures

Operation Reduction Blood Fracture
Patient Age Cause of time time Fluoroscopy loss union time
No. Sex (years) fractures (minutes)  (minutes)  time (s) (mL)  (months)
| Male 21 Traffic accident 105 22 35 350 6
2 Male 47 Traffic accident 90 18 29 300 3
3 Male 23 Fall from height 80 I5 21 260 3
4 Male 52 Traffic accident 72 12 15 200 3
5 Female 55 Fall from height 65 10 13 180 6
6 Male 26 Traffic accident 58 9 14 150 3
7 Male 26 Traffic accident 55 8 13 130 3
8 Male 22 Traffic accident 50 10 14 110 3
9 Male 35 Fall from height 46 8 12 150 3
10 Male 65 Fall from height 45 9 13 130 6
I Male 36 Traffic accident 40 8 10 110 3
12 Male 51 Fall from height 46 10 13 140 3
13 Male 29 Traffic accident 56 12 18 200 9
14 Female 67 Traffic accident 65 15 16 200 3
I5 Male 20 Traffic accident 71 13 17 150 3
16 Male 65 Fall from height 54 10 12 180 6
17 Male 21 Traffic accident 60 8 16 170 3
18 Male 24 Traffic accident 62 9 17 200 3
19 Female 25 Fall from height 66 12 18 210 3
Table 3. Operative data and outcomes
Parameters Mean value Median value
Operation time (minutes) 6242 £+ 16.27 60 (40-105)
Reduction time (minutes) 1147 +3.78 10 (8-22)
Fluoroscopy time (s) 16.63+6.10 15 (10-35)
Blood loss (mL) 185.26 £ 62.75 180 (110-350)
Fracture union time (months) 395+ 1.75 3 (39

Data are presented as mean = standard deviation or median (range).

diameter of the femoral shaft before
implanting the intramedullary nail, can
result in floating intermediate fragments
that might cause soft tissue injury and
blood vessel lesions.'!

We have also observed the abovemen-
tioned problems in treating patients with
IMFSFs in  our clinical practice.
Therefore, to attenuate or even resolve
these issues, we designed the reductor-T
tape pin as a novel intramedullary

reduction device and explored the efficacy
and safety of antegrade nailing with this
device via a percutaneous technique in
patients with IMFSFs. In this study, we
used the reductor-T tape pin to percutane-
ously reduce the residual displacement after
traction using a traction table with double
“joystick technique” and facilitated inser-
tion of the guide wire into the femoral med-
ullary cavity, which was the key procedure
of the intramedullary nailing technique.
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All patients achieved technical success, and
the reductor-T tape pin produced rapid,
close fracture reduction with a mean and
median reduction time of 11.4743.78 and
10 (range, 8-22) minutes, respectively, as
shown on the anteroposterior and lateral
fluoroscopic  views using the C-arm.
Additionally, the application of small stab
incisions during the operation avoided the
need to open the fracture site and strip the
soft tissue envelope, which protected the
soft tissue envelope and blood supply of
the fracture site and decreased the opera-
tion time and exposure to X-rays.
Moreover, the screw head of the reductor-
T tape pin also improved the control of
floating intermediate fragments during
reaming, which attenuated the soft tissue
and blood vessel injuries. These advantages
of the reductor-T tape pin led to a technical
success rate of 100% and a mean and
median fracture union time of 3.95+1.75
and 3 (range, 3-9) months, respectively.
Because percutancous antegrade nailing
with the reductor-T tape pin is a novel
method of treating IMFSFs, the indications
for the procedure were restricted in our
study, and some patients were excluded
(such as those with no origin of force to
hold the reductor-T tape pin). Thus, the
procedure had high technical success.

Several complications might occur
during antegrade nailing with the assistance
of the reductor-T tape pin by a percutane-
ous technique, such as infection, heterotop-
ic ossification, obvious valgus or varus
deformity, new iatrogenic fracture and
fibrosis, quadriceps contracture, or obvious
leg length discrepancy. Notably, none of
these complications occurred in the present
study, indicating that the reductor-T tape
pin was well tolerated.

This study had several limitations. First,
this was a pilot study with a relatively small
sample; thus, the efficacy and safety of per-
cutancous antegrade nailing with the
reductor-T tape pin in treating IMFSFs

requires further validation in a randomized
controlled study with a larger sample.
Second, this was a single-arm study, and a
further study including more centers is
needed. Third, the long-term recovery out-
comes need to be further validated in
the future.

In conclusion, antegrade nailing with the
reductor-T tape pin by a percutaneous tech-
nique is effective and well tolerated in
patients with IMFSFs.
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