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Abstract: Objective: In this study, a new type of reduction device for femoral shaft fractures was developed and 
designed. The reduction procedure was also standardized and is expected to be useful in clinical practice. Methods: 
A bone traction retractor that consisted of a special traction needle, a resistant sleeve, a crossbar and an arc-
adjusting bar was designed. Forty-eight patients (32 males and 16 females, mean age 33.21±7.03 years old) with 
femoral shaft fractures treated in our hospital from January 2016 to December 2017 were selected. According to 
the AO classification, there were 15 patients with type A, 24 patients with type B and 9 patients with type C fractures. 
All patients were treated with transverse bone traction for closed reduction of femoral shaft fractures and femoral 
reconstruction with intramedullary nails for final fixation. The injured side, preoperative delay time, reduction and 
operative times, operative blood loss, drilling frequency, number of open reduction cases, hospitalization days, 
fracture healing time, postoperative HSS function score and complications were recorded. Results: All 48 patients 
were treated with transverse bone traction using our novel device to obtain reduction. The average time needed for 
reduction was 19.98±4.66 min. The operating time was 60-100 min, with an average of 78.65±16.81 min, and the 
average intraoperative blood loss was 131.91±30.22 ml. Open reduction was performed in 8 patients: 1 patient in 
the experimental group and 7 patients in the control group. The average hospitalization days was 7.78±2.81 days, 
the fracture healing time was 10 to 15 weeks, with an average of 12.44±2.63 weeks, and the postoperative HSS 
score was 80-95 points, with an average of 86.52±6.03 points. None of the patients had coxa vara, nonunion, 
internal fixation failure, infection, nerve injury, limb length discrepancy or other complications. Conclusion: In this 
study, the transverse bone traction reduction technique and the design of a proprietary reduction device system 
were proposed, with high clinical application. The transverse bone traction reduction technique has the advantages 
of simple operation, reliable reduction and limited intraoperative fluoroscopy in the minimally invasive treatment of 
femoral shaft fractures.
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Introduction

Femoral shaft fractures are common orthope-
dic fractures, and closed reduction and inter-
locking intramedullary nail internal fixation is 
considered to be the best choice of treatment 
because it can effectively protect the blood 
supply at the fracture end and can greatly 
improve the fracture healing rate [1-8]. The 
main challenge of closed reduction of the femo-
ral shaft is to achieve good reduction despite 

the strong muscle pull that leads to obvious dis-
placement of the fracture. Additionally, due to 
high-energy injury shortening of the femur, rota-
tional, angular and lateral displacement of the 
fracture ends leads to increased surgical time, 
increased fluoroscopy time, increased bleeding 
due to manual reduction, increased possibility 
of open reduction and increased risk of infec-
tion [9-14]. Xu H et al. applied a new type of 
reduction device for the femoral shaft that 
could rapidly and effectively reduce and protect 
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the blood supply at the fracture. However, their 
reduction device caused additional soft tissue 
damage, increased blood loss and had low 
reproducibility [15]. Some surgeons use a 
robot-assisted reset procedure to achieve the 
benefits of limited bleeding and rapid reset, but 
it is very expensive [16]. To achieve rapid, effec-
tive and convenient reduction, we developed  
a new fracture reduction instrument. From 
January 2016 to December 2017, we conduct-
ed a prospective randomized study to evaluate 
the efficacy of the provided instrumentation for 
intramedullary nailing versus traditional treat-
ment for femoral shaft fractures. Our new 
reduction instrument can be used for rapid and 
effective reduction that protects the blood sup-
ply at the fracture end, causes minimal blood 
loss and has high reproducibility [5, 15]. 

Materials and methods

Patients

A randomized controlled trial was conducted on 
patients with femoral shaft fractures hospital-
ized in Shenzhen People’s Hospital from 
January 2016 to December 2017.

Inclusion criteria

(1) femoral shaft fractures were diagnosed, and 
the fracture was classified according to AO [17]; 
(2) patients less than 60 years old; (3) internal 
fixation with closed reduction and interlocking 
intramedullary nails; and (4) surgical treatment 
within 7 days after injury.

Exclusion criteria

(1) did not meet the above diagnostic criteria; 
(2) the fracture was pathological, tuberculous, 
infectious, etc.; (3) severe osteoporosis and 
bone metabolism diseases; (4) aggravated ill-
ness or serious complications during treat-
ment; (5) patients with severe primary diseas-
es, such as complicated diseases of the car- 
diovascular, cerebrovascular, liver and kidney, 
hematopoietic or endocrine systems; (6) open 
and multiple fractures; and (7) patients who 
refused to participate in this study.

General information

In this study, all patients diagnosed with femo-
ral shaft fractures admitted to our hospital 
from January 2016 to December 2017 were 

selected, and all patients were classified by at 
least 2 surgeons according to the AO classifica-
tion. Enrolled patients were randomly allocated 
to one of the treatment groups, with or without 
the novel instrument to be used in the opera-
tive process, using sealed, opaque envelopes. 
In the control group, the new reduction instru-
ment was not used during the operation, and in 
the experimental group, the new reduction 
instrument was used during the operation. 
Data were collected, medical histories were 
noted, physical examinations were performed, 
and relevant preoperative examinations were 
performed for each participant. Moreover, the 
progression of fracture healing was evaluated 
at least 1 year after the procedure. Clinical and 
imaging follow-up examinations were conduct-
ed at 1 day and 1, 3, 6, 9, and 12 months after 
the operation. Sex, left and right sides, AO clas-
sification, preoperative delay time, operation 
time, reduction time, intraoperative blood loss, 
drilling frequency, open reduction cases, hospi-
talization days, fracture healing time, postop-
erative HSS score, complications and other 
data were recorded [7, 17-21].

Ethics statement

This study was approved by the ethics commit-
tee of Shenzhen People’s Hospital. Patients 
were selected independently at admission, and 
all participants signed written informed con-
sent forms.

Statistical analysis

SPSS 19.0 statistical software was used for 
statistical analysis, and the measurement data 
met a normal distribution. For the comparison 
of differences between the two groups, inde-
pendent sample t tests were used, expressed 
as (X±S), which did not meet the normal distri-
bution, and the U-test was used, expressed as 
the median. The counting data were represent-
ed by the composition ratio and frequency, and 
the chi-square test was used for comparisons 
between the two groups. All test results were 
statistically significant with P < 0.05.

Structure of the instrument

Fracture reduction device

The bone traction retractor, which consisted of 
a special traction needle, a resistant sleeve,  
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a crossbar and an arc-adjusting bar, was 
designed. The special traction needles were 
fixed at both ends of the fracture and proxi- 
mal femur. The resistant sleeve was resistant 
at the proximal end of the fracture. The special 
traction needles were fixed on the crossbar, 
reset and fixed with the arc-adjusting bar 
(Figure 1).

Surgical procedures and techniques

1. First, a traction bed was used to correct the 
shortening, angulation and rotation displace-
ment of the fracture (Figure 2). 2. The C-shaped 
arm was used to search for the maximum dis-
placement plane and the minimum displace-
ment plane of the fracture (Figure 2). 3. The 
characteristics of fracture displacement were 
defined (Figure 2). 4. The 3 special traction 
needles and resistant sleeve were installed at 
the best plane and level, the installation of  
the remaining part was finished, and the third 
traction needle was removed for fixation 
(Figures 3, 4). 5. Fracture reduction was con-
firmed with fluoroscopy, and the routine femo-
ral intramedullary nail operative steps were fol-
lowed (Figure 5).

Observation indexes

As shown in Table 2, the comparison of opera-
tion time between the two groups showed a sig-
nificant difference (P < 0.05). The operation 
time of the experimental group was 65.63±7.39 
min, which was significantly lower than that of 
the control group (91.67±10.71 min). The blood 
loss in the experimental group was significantly 
lower than that in the control group (P < 0.05). 
The number of boreholes and open reduction 
cases in the experimental group was signifi-
cantly lower than that in the control group (P < 
0.05). In the experimental group, most opera-
tions were completed with 1 borehole, 5 need-
ed 2 borehole reductions, and only 1 needed 
open reduction due to difficult reduction.

There were no statistically significant differenc-
es in length of stay, fracture healing time or 
postoperative HSS scores between the two 
groups (P > 0.05). All patients achieved fracture 
healing after surgery, and there was no obvious 
abnormal movement of the hip or knee joint, 
and no complications such as coxa vara, bone 
nonunion, internal fixation failure or infection 
occurred.

Figure 1. Schematic diagram of the design of the reductor, which was com-
posed of a crossbar, three bone traction needles, and a resistant sleeve (A). 
During the operation, the No. 1 and No. 2 traction needles were driven into 
one end of the fracture and fixed to the crossbar, and the third traction nee-
dle was driven into the other end of the fracture. After traction reduction was 
completed, the reductor was fixed to the crossbar (B).

Results

Basic information

According to Table 1, in the 
analysis of the randomized 
controlled trial, a total of 48 
patients with femoral shaft 
fractures were admitted to 
Shenzhen People’s Hospital 
from January 2016 to De- 
cember 2017. They were ran-
domly assigned to two gro- 
ups and were treated with 
closed reduction and internal 
fixation with intramedullary 
nails. Patients in the different 
groups were similar in terms 
of age, sex, affected side and 
preoperative delay time, with-
out statistical significance. In 
terms of the AO classification, 
there was no significant differ-
ence in fracture morphology 
between the two groups (P > 
0.05).
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Figure 2. The traction bed assisted with traction and corrected the displacement of femoral shortening, rotation and lateral displacement in the remaining femur. 
C-arm fluoroscopy was used to find the plane where the lateral displacement of the femoral fracture was most obvious. This plane was the plane in which the three 
bone traction needles in the reducer were placed (A, B). In this case, the patient was displaced anteroposterior and laterally, and the maximum displacement plane 
was from anterior inner to outer inferior and formed an angle of approximately 70 degrees with the ground (C).
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Discussion

Closed reduction and interlocking intramedul-
lary nail internal fixation has been the gold 
standard for the treatment of femoral shaft 
fractures, and intraoperative closed reduction 
is the key step in surgery [22-24]. Open reduc-
tion will inevitably damage the blood supply of 
the fracture end and affect the natural process 
of fracture healing. Therefore, closed reduction 
and internal fixation can effectively protect the 
blood supply of the fracture end and the origi-
nal blood supply containing growth factors, 
greatly improving the fracture healing rate [8]. 
The femur is the hardest bone in the human 
body and is also a bone with well-developed 
muscle attachment. Fractures are mainly due 
to violent injuries, and due to muscle pull, they 
often show shortening, rotational, angular and 

risks of iatrogenic injury and infection [16, 19, 
26-29]. Therefore, a new traction reduction 
instrument with simple operation, reliable re- 
duction, and reduced operative and fluorosco-
py times is needed.

In this study, transverse bone traction reduc-
tion technology was proposed, and a proprie-
tary reduction device system was designed, 
which consisted of a special traction needle, a 
resistant sleeve, a crossbar and an arc-adjust-
ing bar. First, the maximum displacement plane 
of the fracture was defined by fluoroscopy and 
positioning, and the reference fracture end and 
reduction fracture end were determined in the 
plane. Then, a reduction traction needle was 
placed in the plane, and transverse traction 
was used to reduce the fracture end. After the 
alignment was satisfactory, the reduction 

Figure 3. The level of the femoral fracture and the level of the three bone 
traction needles to be placed on the skin were marked (A), and the needling 
direction of the bone traction needle was defined again (B). In this case, the 
needle was inserted from anterior inner to outer inferior, and the angle with 
the ground was approximately 70 degrees.

Figure 4. Three bone traction needles were placed in sequence. The top rod 
sleeve of the No. 2 bone traction needle was sheathed (A), the No. 1 and No. 
2 bone traction needles were connected to the cross rod and fixed, and the 
No. 3 bone traction needle was also fixed to the crossbar after pulling (B).

lateral displacement of the 
fracture end, making it ex- 
tremely difficult to perform 
closed reduction [9-11, 25].

However, traction beds and 
traction stents have been 
used in clinical practice to 
effectively correct the short-
ening, rotation and angular 
displacement of fractures, 
but lateral displacement is 
the main reason for the diffi-
culty in reduction. Many sur-
geons mainly rely on manual 
reduction to solve lateral dis-
placement during surgery. 
However, there is more thigh 
muscle bulk, and the femur 
lies deep to this bulk, making 
it difficult to maintain closed 
reduction for a long time, or 
sometimes, the fracture can-
not be completely reduced. 
Many scholars use several 
closed femoral fracture re- 
duction methods, such as 
grams, homemade brackets, 
needle intraoperative gram 
joystick needle technology 
applications and robot-assist-
ed reduction. Unfortunately, 
these reduction methods 
have low reproducibility, long 
operative times, and high 
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Figure 5. C-arm fluoroscopy confirmed satisfactory fracture reduction (A). The reduction device maintained reduction, the femoral intramedullary nail guide needle 
was conventionally inserted, and the intramedullary nail reamed and installed (B, C).
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device system was locked, and routine intra-
medullary nailing steps were followed.

In this study, the reduction time and operation 
time in the experimental group were significant-
ly lower than those in the control group. The 
operative blood loss in the experimental group 
was 105.71±16.66 ml, which was significantly 
lower than that in the control group. The rea-
sons for the above findings could be the small 
incision size of the traction Kirschner needle, 
the short operative time that reduced the 
chances of iatrogenic bleeding, the high suc-
cess rate of reduction, and the decreased rate 
of open reduction. The number of intramedul-
lary drilling and open reduction cases in the 
experimental group was significantly less than 
that in the control group, which indicates that 
the new fracture reduction technique is very 
effective. In the experimental group, 19 cases 
were successfully drilled once, and 5 cases 
needed to be drilled twice, which may be relat-
ed to inaccurate intraoperative fluoroscopy, 

healing time, postoperative HSS score and 
postoperative complications, there was no sta-
tistical significance between the two groups. 
This shows that the new device does not affect 
postoperative recovery. The device and the 
technique help reduce the operation time and 
iatrogenic injury and help improve fracture 
healing.

Xu invented a new reduction device that could 
rapidly reduce femoral shaft fractures and 
effectively protect the blood supply at the frac-
ture end. The operation time, drilling times and 
chances of open reduction were reduced. 
However, the number of incisions and the 
amount of bleeding were increased along with 
the low reproducibility of the instrument [15]. 
With scientific advances, many surgeons cur-
rently use robot-assisted reduction, which may 
also be effective by protecting the blood supply 
and reducing intraoperative bleeding, but it is 
very expensive and difficult to apply in common 
procedures [16].

Table 1. Analysis of the basic situation of patients in the two 
groups

experimental group control group P
sex male 15 17 0.540

female 9 7
age years 34.78±6.34 31.64±8.17 0.144
injured side left 13 10 0.386

right 11 14
AO classification A 8 7 0.842

B 11 13
C 5 4

Preoperative delay Days 4.49±1.58 4.53±1.77 0.935

Table 2. Analysis of the observation indexes of patients in the two 
groups

experimental 
group control group P

Operation time (min) 65.63±7.39 91.67±10.71 0.000
Reduction time (min) 12.71±2.18 27.24±5.89 0.000
Operative blood loss (ml) 105.71±16.66 158.11±25.64 0.000
Frequency of drilling (median) 1 3 0.000
Number of open reduction cases 1 7 0.048
Hospitalization (days) 7.44±1.89 8.11±2.44 0.293
Fracture healing time (weeks) 13.21±2.64 14.42±4.40 0.256
Postoperative HSS score 89.33±6.08 85.13±9.47 0.075
The number of complications 0 0 /

failure of complete fracture 
end reduction, and poor expe-
rience of the operator. How- 
ever, the control group usually 
required drilling 3 times, and 
the drilling frequency in 3 
patients was 5 times, which 
increased the operation time, 
affected the blood supply of 
the fracture end, and in- 
creased the chances of iatro-
genic injury. Only 1 case in the 
experimental group required 
open reduction, which can be 
attributed to the inexperience 
of the surgeon, the difficulty in 
fracture end reduction, and 
the instability of the fracture. 
In the control group, there 
were 7 patients who needed 
open reduction due to unsta-
ble and difficult reduction of 
the fracture site. Open reduc-
tion inevitably destroys the 
local periosteal blood supply 
due to the fracture incision, 
thereby affecting natural frac-
ture healing [18-21]. When 
comparing the other parame-
ters, such as hospitalization 
days, postoperative fracture 
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In conclusion, the new closed reduction instru-
ment adopted in this study can reduce femoral 
shaft fractures quickly and effectively with 
reduced operative time and blood loss. The 
simple operation of this reduction instrument 
reduces the dependence on the surgical experi-
ence of surgeons, which is conducive to young 
doctors, and it improves the reduction efficacy, 
shortens the operative time, improves the 
reproducibility and reduces the amount of X-ray 
radiation to doctors.

This study is not without limitations. If the sam-
ple size can be further increased, the experi-
mental data will be more scientific. The com-
prehensiveness of data collection still has 
some limitations.
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