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Traction methods in the retrograde intramedullary nailing of femur
shaft fractures: the double reverse traction repositor
or manual traction
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Abstract
Objective The purpose of this prospective study was to compare the double reverse traction repositor (DRTR) and manual
traction in retrograde intramedullary nailing (RE-IMN) for femoral shaft fractures.
Patients and methods Seventy-seven patients with femur shaft fractures were randomized to undergo surgery with either DRTR
or manual traction (MT) to facilitate RE-IMN between January 2018 and January 2019. Demographics, fracture characteristics,
surgical data, post-operative complications, and functional outcomes were assessed. Data from 72 patients completing the final
follow-up (12 months) were analysed in this study.
Results The average number of intra-operative perspectives in the DRTR group was 27.7, which was significantly reduced
compared with that in theMT group (31.3, p < 0.001). Fewer assistants were required in the DRTR group compared with the MT
group (1.1 vs 1.9, p < 0.001). Fewer patients with open reduction were discovered in the DRTR group compared with the MT
group (2.8 vs 19.4, p=0.024). Demographics, fracture characteristics, other surgical data, and prognostic parameters were
comparative between the two groups.
Conclusions The DRTR can be effectively and safely used to treat femur shaft fractures with RE-IMN. The DRTR achieves
similar results as MT and is also superior to MT in terms of intra-operative perspectives, the number of assistants, and the open
reduction rate.
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Introduction

Femoral shaft fracture is a common condition in adults and
represents 4.6% of all adult fractures [1]. The choice of treat-
ment for femur shaft fractures has been updated in reference to
the intramedullary nailing (IMN) technique by Kuntscher
since the 1940s [2]. IMN has been regarded as the gold stan-
dard for the treatment of femoral shaft fractures over time [3,
4]. Antegrade intramedullary nailing (AN-IMN) or retrograde
intramedullary nailing (RE-IMN) has been proven to be effec-
tive technologies available to orthopaedic surgeons. Both of
these techniques have been demonstrated to have high union
rates and low complication rates [5, 6]. Compared to RE-IMN,
AN-IMN is more disadvantageous for patients with obesity,
pregnancy, pelvic and hip fractures, or distal fractures [3, 7, 8].
AN-IMN is always associated with residual hip or thigh pain,
Trendelenburg gait, superior gluteal nerve injury, avascular ne-
crosis of the femoral head, heterotopic ossification, and iatrogen-
ic femur neck fractures [3, 9–11]. In contrast to the reduction
methods used in the application ofAN-IMNwith a traction table,
RE-IMN mainly relies on manual traction (MT) to achieve and
maintain the reduction of fractures. The inescapable phenome-
non for MT is that the number of surgical assistants increases,
which has been demonstrated to be accompanied by an increased
infection rate [12]. Compared to the traction table, MT cannot
provide stable and continuous traction force to obtain anatomical
or nearly anatomical reduction, which is critical to the success of
operation and the healing of fractures [13]. However, no specific
traction instrument has been identified for the treatment of fem-
oral shaft fractures with RE-IMN.

The double reverse traction repositor (DRTR), a traction
instrument, has been certified to help orthopaedic surgeons
achieve the successful reduction of lower extremity long bone
fractures involving femoral neck fractures, intertrochanteric
fractures, and tibial plateau fractures [14–16]. In our previous
study, we assessed the application of the DRTR in the AN-
IMN of femur shaft fractures and demonstrated that it was
comparative or superior to the traction table in the AN-IMN
of femur shaft fractures [17, 18]. Compared to the traction
table, the DRTR has the advantage of greater traction force,
fewer complications, and a wider range of applications.
However, whether the DRTR can be used in the surgery of
femoral shaft fractures with RE-IMN is uncertain.

The aims of this prospective randomized study were to (a)
introduce the application ofDRTR in the surgery of femoral shaft
fractures with RE-IMN and (b) compare the use of DRTR and
MT in the surgery of femoral shaft fractures with RE-IMN.

Patients and methods

This prospective randomized study was conducted in a level I
trauma centre of a tertiary university hospital. Seventy-seven

patients were enrolled in the present study according to the
inclusion and exclusion criteria. The inclusion criteria were
patients with femoral shaft fractures (AO classification type
32 A, 32 B, and 32 C) treated by RE-IMN between January
2018 and January 2019. The exclusion criteria were as fol-
lows: (1) age < 18 years, (2) multiple fractures, (3) patholog-
ical fractures, (4) open fractures, (5) old fracture (time from
injury to surgery > 21 days), (6) incomplete data, (7) no walk-
ing ability or capacity before surgery, and (8) less than 12
months of follow-up. All the patients in our study were ran-
domized to two groups according to the admitted date, includ-
ing 39 patients with DRTR and 38 patients with MT. DRTR
was applied in patients on odd-numbered days, and MT was
used in patients on even-numbered days. The demographics
and fracture characteristics were noted in our study, including
age, sex, American Society of Anaesthesiologists (ASA)
score, mechanism of injury, and AO classification type.
Implementation of this study was agreed upon by the
Institutional Review Board of our hospital. Informed consent
was acquired from all patients.

Surgical techniques and follow-up protocol

Surgical techniques

All operations were performed by the same team, which
consisted of two orthopaedic trauma surgeons with at least
ten years of experience. All surgery was conducted under
spinal or general anaesthesia. Routine prophylactic antibiotics
were used 30 minutes before surgery.

DRTR group All patients were placed in a supine position on a
radiolucent table (Fig. 1a). Skin preparation and draping were
conducted following anaesthesia. A 2-cm oblique incision
was made to expose the ipsilateral iliac spine around the an-
terior superior iliac spine. A 5-mm transverse screw was used
to fix the proximal support rod of the DRTR in the iliac spine.
Then, 1–2 drapes were placed under the distal femur to make
the knee joint flex. A longitudinal incision of approximately
4 cm was made on the medial side of the patellar tendon. The
subpatellar fat pad was removed to expose the intercondylar
fossa. Supracondylar traction or traction of the tibial tubercle
was adopted according to the displacement direction of the
distal fracture. When the fracture fragment was displaced
backwards, the supracondylar traction of the femur was select-
ed to conducive to correcting the displacement. If the fracture
fragment was displaced forward, the traction of the tibial tu-
bercle was selected. The diameter of the Kirschner wire was
3.0 mm or 2.5 mm in supracondylar traction or traction of the
tibial tubercle, respectively. After the DRTRwas installed, the
handle of the DRTR was rotated to generate traction force
between the iliac spine and distal femur until the quadriceps
femoris muscle was visibly tense. The traction force belonged
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to skeletal traction which was produced by the K-wires in the
iliac spine and distal femur, and the traction direction was
consistent with the alignment of femur. Most of the displace-
ments could be reduced under the powerful traction force of
the DRTR, including overlapping, lateral, and rotation dis-
placements. When residual anterior displacement of the prox-
imal femur was observed, a special compression bar was used
to achieve reduction (Fig. 1b).

After reduction was conducted, the femoral intercondylar
fossa was drilled with an open cone. The gold finger was
inserted under the C-arm monitor. Different types of reamers
are used for reaming with the help of the guide wire (Fig. 1c).
A suitable main nail was chosen to implant the femoral med-
ullary cavity. Then, distal locking screwswere implanted (Fig.
1d). At this time, the DRTR was removed, and the proximal
locking device was installed. The proximal screw and tail cap
were inserted. Then, the status and quality of fracture reduc-
tion and the position of the implant are reconfirmed under
fluoroscopy (Fig. 2a–d). Finally, the incision was sutured.

MT group All patients were placed in a supine position on a
radiolucent table. Skin preparation and draping were conduct-
ed following anaesthesia. The surgical approach in the MT
group was similar to that in the DRTR group. In contrast to
the surgery with the DRTR, the reduction was performed by at
least two assistants who were used at the proximal and distal
ends of the fracture separately to create traction force. When
fracture reduction could not be achieved, a small incision was
made around the fracture site to help perform fracture

reduction. After reduction was achieved, the IMN was im-
planted under the traction of the assistants, which is the same
as that used in the DRTR group. One more assistant is needed
in the MT group compared to the DRTR group, and the con-
tinuous traction force and the maintenance of the reduction are
disadvantages for the MT group compared with the DRTR
group (Fig. 3a–c).

Follow-up protocol

Prophylactic antibiotic treatment was routinely used within 24
hours post-operatively, and pharmacological deep vein throm-
bosis prophylaxis was performed 24 hours after surgery.
Active joint exercise in bed was gradually conducted 24 hours
after surgery to prevent ankylosis postoperatively.
Postoperatively, the patients should mobilize as soon as pos-
sible with partial weight-bearing within six weeks after the
operation. Full weight-bearing was allowed when the fracture
line disappeared in the X-ray.

Surgical data, including the duration of operation, the type
of anaesthesia, the methods of reduction (closed or open), the
number of perspectives, the intra-operative blood loss, intra-
operative blood transfusion, the number of assistants, and
post-operative complications, were recorded. Follow-up was
routinely performed at one, three, six, nine and 12 months
post-operatively. The final follow-up (12 months), including
functional outcome interviews and radiographic evaluations,
was required. If the fracture line was observed at the
nine month follow-up, three consecutive months of follow-

Fig. 1 Part of the procedure was
shown. (a) The general view was
shown after the DRTR’s
installation, (b) the compression
bar was used to help achieve
reduction, (c) a reamer was used
to ream, and (d) the distal screws
were locked
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up were necessary for the patients. If limited progression was
found, the outcome was defined as nonunion [19]. The Harris
Hip Score (HHS) [20], visual analogue scale (VAS) [21], and
Lysholm knee function score (LNY)[22] were evaluated at the
final follow-up.

Statistical analysis

Data from patients completing the final follow-up (12 months)
were analysed in this study. SPSS 23.0 software was used to
analyse the data in the present study. Categorical variables are
presented as frequencies and percentages, and continuous var-
iables are presented as the means ± SD/mean ± SD (median).
When continuous variables exhibit a normal distribution,
Student’s t test was conducted to identify differences between
the two groups. If not, the Mann-Whitney U test was
employed. In the comparison of categorical variables between
groups, the Pearson chi-square test and Fisher’s exact chi-

square test were used. In all statistical analyses, statistical sig-
nificance was accepted for a value of p <0.05.

Results

The comparison of demographics and fracture characteristics
between the two groups is shown in Table 1. An older average
age was noted in the DRTR group compared with the MT
group (54.5 vs 47.5, p=0.288). The percentage of males in
the DRTR group was 58.3%, which was greater than that in
the MT group, but no significant difference was discovered
between the two groups in sex (p=0.465). The other demo-
graphics and fracture data were comparable between the two
groups.

The comparison of surgical data between the two groups is
shown in Table 2. The average number of intra-operative per-
spectives in the DRTR group was 27.7, which was

Fig. 2 The reduction of the AO
type 32 B femur shaft fracture
was shown. (a) The
anteroposterior X-ray before trac-
tion by DRTR, (b) the compres-
sion bar was used to help reduce,
(c) the X-ray after reduction by
DRTR, and (d) the X-ray after
fixation
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significantly lower than that in the MT group (31.3, p <
0.001). There were fewer assistants in the DRTR group com-
pared with the MT group (1 (1–2) vs 2 (1–2), p < 0.001). A
lower open reduction rate was discovered in the DRTR group
compared to the MT group (2.8 vs 19.4, p=0.024). Although
no significant difference was noted between the two groups in
the duration of operation, the duration was shorter in the
DRTR group compared with the MT group (134.3 vs
148.6). No significant differences in other surgical data were
noted between the two groups.

The comparison of prognostic data between the two groups
is shown in Table 3. No significant difference was noted in the
functional outcome between the two groups. Complications
between the two groups were comparable. All patients in the
DRTR group achieved union in our study. Only one nonunion
case was found in the MT group, and this case achieved suc-
cessful union after secondary procedures.

Discussion

IM is regarded as the gold standard in surgery for adult fem-
oral shaft fractures. Regardless of antegrade or retrograde
nailing, ideal implantations were available to orthopaedic sur-
geons. Despite different indications, similar results regarding
postoperative complications, union rate, short-term function
outcomes, and long-term function outcomes were noted [23,
24]. As a reduction device, the traction table plays an impor-
tant role in the reduction of femur shaft fractures treated by

Fig. 3 A 45-year-old patient
sustained a left femoral shaft
fracture. (a) Pre-operative X-ray.
(b) Post-operative X-ray in
antero-posterior view. (c) Post-
operative X-ray in lateral view

Table 1 Patient demographic data and fracture characteristics

DRTR (n=36) MT (n=36) p value

Age(years), mean ± SD 54.5±15.8 47.5±18.1 0.087a

Gender (%) 0.465c

Male 21 (58.3) 24 (66.7)

Female 15 (41.7) 12 (33.3)

Side (left) (%) 18 (50.0) 19 (52.8) 0.077c

Residence (urban) (%) 7 (19.4) 3 (8.3) 0.173c

Previous surgical history (yes) (%) 11 (30.6) 6 (16.7) 0.165c

AO classification (%) 0.605c

32 A 22 (61.1) 26 (72.2)

32 B 10 (27.8) 7 (19.4)

32 C 4 (11.1) 3 (9.7)

ASA score (%) 0.47c

1–2 20 (55.6) 23 (63.9)

3–4 16 (44.4) 13 (36.1)

Hypertension 5 (13.9) 3 (8.3) 0.453c

Diabetes 3 (8.3) 2 (5.6) 0.643c

Cardio-cerebrovascular disease 6 (16.7) 2 (5.6) 0.134c

Damage mechanism (high energy) 21 (58.3) 25 (69.4) 0.326

BMI 26.3±2.6 25.5±2.1 0.167a

Time from injury to surgery 4.7±1.8 (4) 4.6±1.9 (4) 0.623b

a Student’s t test
bMann-Whitney U test
c Pearson chi-square test
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AN-IMN, which can offer continuous and stable traction
forces. However, RE-IMN is unavailable for the treatment of
femur shaft fractures in the knee flexion position during sur-
gery. No effective reduction device has been designed for the
reduction of femur shaft fractures with RE-IMN. As a rapid
redactor, DRTR has been successfully used in the treatment of
lower limb fractures [14, 18]. In the present study, the DRTR
was applied in the treatment of femur shaft fractures with RE-
IMN, which was the first reduction device to help achieve
reduction in the treatment of femur shaft fractures with RE-
IMN. The results of this study demonstrated that the DRTR
was superior to manual traction in terms of the number of
intra-operative perspectives, the number of assistants, and
the open reduction rate for the treatment of femur shaft frac-
tures with RE-IMN.

The quality of reduction is directly associated with the
healing of fractures [13]. Intra-operative perspective could
help the surgeon obtain ideal reduction. The average intra-
operative perspective was 27.7 in the DRTR group, which
was less than that in theMT group (31.3, p<0.001). In contrast
to the MT, the traction force produced by the DRTR was

continuous and stable, which contributed to the maintenance
of the reduction until the intramedullary nail was successfully
implanted. The preservation of the reduction could avoid an
additional perspective for the implantation of the IMN. This
notion might explain why the DRTR group had fewer intra-
operative perspectives compared with the MT group. In addi-
tion, surgeons in the MT group might be exposed to more
radiation given that the operation team is more approximated
to the patient and C-arm device [25].

Compared to the MT, another advantage of the DRTR was
that it was associated with a significant decrease in the number
of assistants (Table 2). A previous study reported that an in-
creasing number of assistants was closely related to increasing
medical costs, especially for patients in developed countries
[26]. Although the application of the DRTR might be associ-
ated with additional time for its installation, the duration of the
surgery in the DRTR group was reduced compared with that
in the MT group (134.3 mins vs 148.6 mins). The shorter
reduction time and fixation time in the DRTR group might
lead to this result. Besides, there were less blood loss (330.6 vs
358.3 ml), intra-operative blood transfusion (255.6 vs 269.4

Table 2 Details of surgical data

DRTR (n=36) MT (n=36) p value

Procedure time (min), mean ± SD (median) 134.3±36.2 (135) 148.6±50.9 (150) 0.288b

Blood loss (ml), mean ± SD (median) 330.6±128.3 (300) 358.3±157.4 (300) 0.569b

Intra-operative fluoroscopy (no.), mean ± SD 27.7±2.9 31.3±4.0 <0.001a

Intra-operative blood transfusion (ml), mean ± SD (median) 255.6±285.3(200) 269.4±375.6(200) 0.721b

Anaesthesia (general), n (%) 25 (69.4) 23 (63.9) 0.617c

Open reduction (no.), n (%) 1 (2.8) 7 (19.4) 0.024c

Number of assistants, mean (range) 1 (1–2) 2 (1–2) <0.001b

Post-operative hospital stay, mean ± SD (median) 8.8±2.9 (9) 9.3±2.8 (10) 0.468b

a Student’s t test
bMann-Whitney U test
c Pearson chi-square test

Table 3 Prognostic comparison
DRTR (n=36) MT (n=36) p value

Harris Hip Score, mean ± SD (median) 90.0±2.4 (78) 89.5±2.7 (81.5) 0.682b

LNY score, mean ± SD (median) 79.1±2.7 (7) 77.8±13.1 (7) 0.138b

Hip extension, mean ± SD (median) 109.8±4.5 (110.0) 108.5±4.5 (108.0) 0.173b

Knee flexion, mean ± SD (median) 137.1±6.0 (138.0) 135.4±4.6 (136.0) 0.086b

VAS score, mean ± SD (median) 1.4±1.2 (2.0) 1.3±1.6 (1) 0.647b

DVT (%) 14 (38.9) 13 (36.1) 0.808c

Superficial wound infections (%) 1 (2.8) 4 (5.6) 0.303c

DVT deep vein thrombosis
bMann-Whitney U test
c Pearson chi-square test
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ml), and postoperative hospital stay (8.8 vs 9.3 days) in the
DRTR, compared to those in MT group. Although, no signif-
icant difference in them was observed between the two
groups, the difference might be evident in future large-scale
comparative studies.

Open reduction is always accompanied by increased trau-
ma and more blood loss, which is associated with the increas-
ing risks of nonunion and infection [27, 28]. The present study
discovered a significantly lower open reduction rate in the
DRTR group compared with the MT group. In our previous
studies, we demonstrated that the DRTR could generate a
traction force comparable to that of the traction table in the
treatment of femur shaft fractures with AN-IMN [18]. Most
overlapping deformities and anteroposterior or lateral defor-
mities were corrected under adequate traction. In most cases,
femur traction was chosen because more traction force could
be generated compared to traction of the tibial tubercle. Femur
traction was preferred if a posterior angular deformity was
noted or the distal end of the fracture was shortened backward
relative to the proximal end. The Kirschner wire was inserted
as close as possible to the front of the femur such that the
traction force was conducive to correcting the displacement.
On implanting the Kirschner wire of femur traction, the
supracondylar articular surface of the femur served as a refer-
ence through the anterior incision of the knee so that it would
be as close as the anterior femoral cortex and not affect the
implantation of the IMN. Traction of the tibial tubercle was
preferred if there was an anterior angular deformity. In addi-
tion, the traction force was consistent with the mechanical axis
of the femur, which would not aggravate the displacement of
the wedge fragment. The rotational deformity in the distal
femur was completely corrected.

The loss of follow-up rate was 6.9% (5 of 77 patients) in the
present study, which guaranteed its quality. Some limitations
remained in our study. First, the sample size in this study was
small, and the follow-up time in patients was short. Second,
this was a single-centre study that was limited by its inherent
defects. A multicentre, large-sample study of the RE-IMN
treatment of femur shaft fractures with DRTRs should be con-
ducted in the future.

Conclusion

First, we introduced the application of the DRTR in the treat-
ment of femur shaft fractures with RE-IMN in the present
study. Second, we demonstrated that the DRTR could
effectively and safely treat femur shaft fractures with
RE-IMN and could achieve similar results as MT.
Moreover, the DRTR was superior to the MT in terms
of intra-operative perspectives, the number of assistants,
and the open reduction rate.
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