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© The present study was performed to compare the clinical efficacy of lateral plate and lateral and medial
. double-plating fixation of distal femoral fractures and explore the indication of lateral and medial

. double-plating fixation of the distal femoral fractures. From March 2006 to April 2014, 48 and 12 cases

. of distal femoral fractures were treated with lateral plate (single plate) and lateral and medial plates

. (double plates), respectively. During the surgery, after setting the lateral plate for the distal femoral

. fractures, if the varus stress test of the knee was positive and the lateral collateral ligament rupture

. was excluded, lateral and medial double-plating fixation was used for the stability of the fragments.

: Allthe patients were followed up at an average period of 15.9 months. The average operation time,

. the intraoperative hemorrhage and the fracture union time of the two groups were compared. One

. year after operation, knee function was evaluated by the Kolmert’s standard. There was no significant

. difference in the average operation time, intraoperative hemorrhage, fracture healing time and

. excellent and good rates of postoperative knee function between two groups. Positive Varus stress test
: during operation can be an indication for lateral and medial double-plating fixation of distal femoral

. fractures.

¢ Clinically, fractures within 9 cm of the articular surface of distal femoral are defined as distal femoral fractures’,
. which account for 6% of all femoral fractures and men under 40 years old and women over 50 years old are
: more susceptible to?. Distal femoral fractures are mostly caused by high-energy injury, such as falling injury and
© traffic accidents, and fractures are often severely comminuted, which may be associated with injuries to knee
© joint structural and other parts, such as tibial plateau fractures, traumatic brain injury and pelvic fractures. At
. present, the distal femoral fractures are mainly fixed by the lateral anatomical locking plate, but lateral and medial
. double-plating fixation is also suggested by some researchers®->.

: However, there is no conclusion on the indication of lateral and medial double-plating fixation for treating dis-
. tal femoral fractures. To explore the indications for treatment of distal femoral fractures with lateral and medial
. double-plating fixation and its clinical efficacy, we followed up a total of 58 patients, with 60 cases of distal femoral
. fractures fixed in our hospital from March 2006 to April 2014, of which 48 cases were fixed by lateral plate and 12
. were fixed by the lateral and medial double-plating fixation.

. Results
- All patients were followed up for 12 to 48 months. The follow-up records of one patient of the double-plate group
- are shown in Figs 1-5 and those of one patient of the single plate group are shown in Figs 6 and 7. One patient in
. each group died one year and a half after the operation due to other causes. There were 58 patients and 60 cases
. of distal femoral fractures in total, of which one patient had bilateral distal femoral fractures both fixed by lateral
- plate and the other one with bilateral distal femoral fractures had a single plate on the right distal femur and
. double plates on the left. The age distribution of patients in the single-plate group and the double-plate group is
. shown in Table 1. There was no significant difference between the two groups (p = 0.330).
The male and female ratio of the single-plate group was 23:25 and that of the double-plate group was 1:1.
(Table 2) There was no significant difference in the male and female sex ratio between the two groups (p =0.897).
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Figure 2. 5, 6 the X-ray of the femur, taken two days after operation.

In the double-plate group, the percentage of cases injured in traffic accidents is 83.3%, which was higher than that
of the single-plate group. While the percentage of falling injuries (16.7%) was lower than that of the single-plate
group. There were significant differences in injury factors (p =0.042) (Table 3).

There were 23 cases accounting for 48.0% of closed fractures in single-plate group. There were 9, 11 and 5 cases
of type I, type IT and type III by Gustilo classification in open fractures, accounting for 18.8%, 22.9% and 10.4%,
respectively (Table 4).

According to the AO classification, of the 48 cases of the single-plate group, there were 16 cases belonging to
the type A, accounting for 33.3%; there were 6 cases belonging to the type B, accounting for 12.5%; there were 26
cases belonging to the type C, accounting for 54.2%, which included 2 cases of type C1, 4 cases of type C2 and
20 cases of type C3. Of the 12 cases of the double-plate group, they were all cases belonging to type C which was
significantly more than that of the single-plate group (p =0.009) and included 1 case of type C1, 2 cases of type
C2 and 9 cases of type C3 (Table 5).

Since some patients may also have fractures in other areas, we also classified the cases according to the loca-
tions of fractures. In single-plate group, there were 10 cases combined with 1 extra location of fractures and 13
cases combined with 2 or more extra locations of fractures, which included 6 cases caused by traffic accident, 6
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cases caused by falling injury and 1 case caused by heavy pound. In the double-plate group, there were 2 cases
combined with 1 extra location of fractures and no case combined with 2 or more (Table 6), which had no signif-
icant difference with the single-plate group (p =0.058).

In the single-plate group and the double-plate group, the average follow-up time was 15.2 months and
18.5 months; the mean fracture healing time was 14.3 months and 18 months, respectively, with no significant
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difference (p =0.559); the average time between injury and internal fixation was 11 days and 12 days; the average
length of stay was both 32 days. There was no significant difference in intra-operative hemorrhage, operation time
and healing time between the two groups (Tables 7, 8). In the single-plate group, the rate of bone grafting during
operation was 40.4% and that of the double-plate group was 91.7% (Table 9), which was significantly different
with that of the single-plate group (p =0.002).

One case of failure in internal fixation was observed in patient in the single-plate group, which was retreated
with autologous iliac bone graft and lateral anatomical plate fixation. During the follow-up, no recurrence of
internal fixation failure was observed. In the double-plate group, no internal fixation loosening or rupture, no
loss of fracture reduction and no knee varus deformity was observed. In the single-plate group, 1 patient was
transferred to our hospital combined with the injury of the femoral artery, who received the treatment of femo-
ral artery repair and fasciotomy in emergency. Postoperatively, the patient developed ischemic contracture and
talipes equinovarus, which was corrected by second operation finally. All fractures of two groups healed clinically
and no loss of reduction was observed. According to the Kolmert’s standard, there was no significant difference
in excellent and good rates between the two groups (Table 10, p =0.692). Of the 3 patients with poor scores by
Kolmert’s standard, none was combined with ipsilateral tibial plateau fractures but 1 case was combined with
periprosthetic femoral fractures and 2 cases were combined with a complete rupture of the quadriceps. One year
postoperatively, the knees of the 3 patients with poor scores could be flexed about 30-50 degrees and no shorten-
ing or varus deformity was observed.

Discussion

In clinical, according to the OTA/AO classification, the distal femoral fractures are divided into type A:
extra-articular fracture; type B: partial intra-articular fractures; type C: complete intra-articular fractures. The
current treatments for distal femoral fractures are non-operative treatment, external stent fixation, intramedul-
lary nail fixation and internal fixation with plate(s) and screws. The sixty cases with distal femoral fractures which
were followed up were all treated with internal fixation with plate(s) and screws.
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Figure 7. 17, 18 the X-ray of femur, taken 18 months after operation, 19 the knee function of the patient, taken
one year after operation.

<30 8 (16.7%) 1(8.3%) 0.671
31-40 8 (16.7%) 4(33.3%) 0.234
41-50 10 (20.8%) 4(33.3%) 0.448
>51 22 (45.8%) 3(25.0%) 0.327

Table 1. Age distribution of patients from single-plate and double-plate group.

male 23 (47.9%) 6 (50.0%)
female 25(52.1%) 6 (50.0%)

Table 2. Gender distribution of patients from single-plate and double-plate group.

traffic accidents | 20 (41.7%) 10 (83.3%)
falling injuries 22 (45.8%) 2(16.7%)
heavy pound 6(12.5%) 0

Table 3. Injury factors of patients from single-plate and double-plate group.

Onset characteristics of distal femoral fractures. The age distribution of patients with distal femoral
fractures in our study revealed that patients under 40 and over 50 are more susceptible, who accounted for 79.2%
and 66.7% of the patients, respectively, which was consistent with that reported by Martinet 0> and there was no
significant difference between the two groups (p = 0.439). There was also no significant difference in sex ratio
(male to female) in both groups (p =0.897), which was consistent with that reported by Wu Huimin®. In the
single-plate group, traffic accident injuries (41.7%) and falling injuries (45.8%) were the main causes, while in the
double plates group patients were mainly injured by traffic accidents (83.3%), which was significantly different
(p=0.042). In addition, the patients who developed 2 or more extra locations of fractures accounted for 21.7% of
the single-plate group but none was observed in the double-plate group. The patients with distal femoral fractures
of type C (especially type C3) of the double-plate group were significantly more than those of the single-plate
group (p =0.009). The differences in numbers of fracture types (especially C) between two groups indicated
patients in the double-plate group suffered more powerful violence during the sudden injury and that of patients
who developed 2 or more extra locations of fractures between two groups revealed that the violence was possibly
shared by multi locations, leading to less patient with distal femoral fractures of type C.

Open distal femoral fractures were mostly caused by car accidents (accounting for 75%) and the proportion
of that in the double-plate group was 91.7%, significantly higher than 52% of the single-plate group (p =0.035).
Patients with open fractures with or without vascular injury were all treated in emergency. Of the two groups, 8
cases were treated with external fixation in emergency which were replaced by plate(s) and screws, one week later,
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closed 23 (48.0%) 1(8.3%) 0.019
gustilo type I 9 (18.8%) 5(41.7%) 0.130
gustilo type II 11 (22.9%) 5(41.7%) 0.273
gustilo type III | 5 (10.4%) 1(8.3%) 1
combined 3 0 _
Vascular injury

combined 7 1 _
external fixator

Table 4. The open degree and combined injury of patients from single-plate and double-plate group.

type A 16 (33.3%) 0
type B 6 (12.5%) 0
type C 26 (54.2%) 12 (100.0%)

Table 5. The fracture types of patients, from single-plate and double-plate group.

1 10 (20.8%) 2(16.7%)
>2 13 (27.1%) 0

Table 6. The extra locations of fractures in patients from single-plate and double-plate groups.

operation time (min) | 145 180 0.170
intraoperative

hemorrhage (ml) 513 814 0.270
healing time (m) 14.3 18 0.559

Table 7. The operation time, intraoperative hemorrhage, healing time of patients from single-plate and double-
plate groups.

nonunion 1(2.1%) 0(0.0%)

47 (97.9%) 12 (100.0%)

bony union

Table 8. The healing rates of patients from single-plate and double-plate group.

of which 2 cases of vascular repair were performed intraoperatively. The occurrence of distal femoral fractures
combined with vascular injury was low, accounting for 3.3%, similar to the 3% reported by Fu’.

With the increasing number of patients developing periprosthetic femur fractures after receiving knee arthro-
plasty, it is still unclear whether the fracture around prosthesis is directly related to knee arthroplasty but it was
reported that the prognosis of patients with periprosthetic femur fracture treated with plate(s) and screws was
better than those treated with intramedullary nail®-1°.

Comparison of clinical efficiency of single plate and double-plating fixation of distal femoral
fractures. In the double-plate group, average amount of intraoperative hemorrhage, average operation time,
and average fracture healing time were similar to that of the single-plate group, while the occurrence of bone
grafting was significantly higher than that of the single-plate group (p =0.002). The higher occurrence of bone
defect of the double plate group is consistent with the higher occurrence of distal femoral fractures of type C.
Double-plating fixation leads to more damage to blood supply but does not significantly prolong the time required
for fracture healing.

Of the 60 cases followed up, the wound all healed well. Of the 3 patients who developed poor knee function
after the operation, the patient with periprosthetic femur fracture had a stiff knee before the operation and the
other two developed femoral quadriceps tendon rupture during the injury, but none developed tibial plateau
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Kinds of bone grafting single-plate (percentage) | double-plate (percentage)
no bone grafting 29 (60.4%) 1(8.3%)

autogenous iliac bone 2 (4.2%) 7 (58.3%)

artificial bone 15 (31.3%) 1(8.3%)

combined bone grafting 2(4.2%) 3(25.0%)

Table 9. The bone grafting of patients from single-plate and double-plate group.

Kolmert’s standard single-plate (percentage) | double-plate (percentage)
excellent 15 (31.3%) 4(33.3%)

good 24 (50.0%) 5 (41.7%)

fair 7 (14.6%) 2(16.7%)

poor 2(4.2%) 1(8.3%)

Table 10. The knee function of patients from single-plate and double-plate group.

fractures. Knee functions of the 4 patients with distal femoral fractures combined with tibial plateau fractures
were evaluated by the Kolmert rating system, which showed that 3 were graded as good and 1 was graded as
fair. Therefore, we think postoperative knee flexion dysfunction probably be related to the femoral quadriceps
tendon rupture insteadind of the tibial plateau fractures. That’s because femoral quadriceps tendon will adhere to
the anterior surface of the distal femur and suprapatellar bursa during the process of healing, seriously affecting
the knee function of flexion, which was conformed with what we saw during the removal surgery for internal
fixation. During the surgery, when we removed the distal femoral plate(s) and screws and released the knee joint
adhesions, it was often found that the adhesions were mainly outside of the joint. Although the femoral quadri-
ceps tendon was loosened during operation, the efficacy of the adhesion release would still be reduced by the
scar tissue. The rate of failure of internal fixation of distal femoral fractures was differently reported by different
scholars. According to the report of AAOS in 2012, the rate of failure was 19-22%'”. However, the occurrence
of nonunion after internal fixation of distal femoral fractures reported varies a lot, of which the highest is up to
40%'8-22, The occurrence of postoperative nounion we observed in this follow-up was low, accounting for 1.7%.
The possible reasons are: Firstly, after finishing the set of lateral locking plate, we routinely performed the drawer
and the lateral stress test and the medial plate was added if the varus stress test was positive; Secondly, one stage
bone grafting benefits fracture healing. After comparing the clinical efficiency of single plate internal fixation
with lateral and medial double-plating fixation of distal femoral fractures of type C3, Wu et al.® found that knee
function of the patients treated with lateral and medial double-plating fixation were significantly better. In our
study, the result of lateral stress tests performed intraoperatively was taken as the indication of setting the lateral
and medial plates insteading of the fracture type and no significant difference in excellent and good rates of post-
operative knee function between the two groups was observed (p = 0.692).

Some experience of minimally invasive treatment of distal femoral fractures by locking
plate(s). Treatment of distal femoral fractures with lateral locking plate causes less damage to the soft tissue
and blood supply of the medial side of distal femur, reducing the risk of intraoperative injury of the femoral artery
and femoral nerve. With a wider indication than treatment with intramedullary nail, treatment with locking plate
can also be used in intra-articular comminuted fractures®’. What’s more, it also causes less loss of reduction than
treatment with dynamic compression plate?* and enables the patient to exercise the knee function earlier than
treatment with external fixation?>?%. However, when fracture fragments in the medial side of distal femur were
seriously comminuted or with a massive bone defect, the single lateral plate fixation of the distal femoral fractures
may fail to stabilize fracture sites, leading to knee varus deformity, looseness and breaking of plate and screws and
nonunion. In terms of lateral and medial double-plating fixation of distal femoral fractures, lateral and medial
incisions which are made for setting the plates makes it easier for reduction and correcting the line of force, lead-
ing to a low occurrence of knee varus deformity and loss of reduction?. Jiang et al.?® followed up 21 patients with
distal femoral fractures treated with lateral and medial double-plating fixation, no case of knee varus deformity
postoperatively was observed, which was consistent with our study. The implant of the medial plate may damage
the blood supply of the medial side of fracture sites, which may increase the fracture healing time, intraoperative
hemorrhage and operation time. In this follow-up, although the average time of fracture healing in double-plate
group was longer than that of the single-plate group, it was not statistically different.

The indication of using double-plating fixation of distal femoral fractures was inspired by the treatment of
patients who developed loosening and rupture of plate and screws or knee varus deformity after operation.
During the operation, the varus stress tests performed were all positive and they turned into negative after
setting the medial plate. After operation, fractures healed without knee varus deformity. Bottlang et al.* once
fixed the fracture model with bone defect of about 1 cm by anatomical locking plate, then applied the axial
force of 400N, the displacement of the cortical was found no more than 0.3 mm, included in the allowed
range of micro-movement (0.2-1 mm). Therefore, intraoperative bone graft is suggested for bone defect of
more than 1 cm.
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In summary, based on our research, we suggest that after the placement of the lateral locking plate for fixing
distal femoral fractures, if the knee joint varus stress test is positive and rupture of the lateral collateral ligament
is excluded, the medial plate should be used to increase the stability of fractures to avoid postoperative frac-
ture nonunion and knee varus deformity. Besides, lateral and medial double-plating fixation doesn’t significantly
increase or influence the operation time, intraoperative hemorrhage, fracture healing time and postoperative
knee function.

Population. Inclusion criteria: Patients with distal femoral fractures treated with locking plate(s). Exclusion
criteria: Patient with a decline of muscle strength of lower extremities. Anterior-Posterior and lateral plain film,
computed tomography and 3D reconstruction of the fracture sites were performed to identify the fracture types.

There were 48 cases of fractures treated with lateral plate (single-plate group): female in 25 cases, male in 23
cases, traffic accidents in 20 cases, falling injuries in 22 cases and heavy pound in 6 cases; according to OTA/AO
classification: type A in 16 cases, type B in 6 cases and type C in 26 cases (type C1 in 2cases, typeC2 in 4 cases
and type C3 in 20cases).There were 12 cases of fractures treated with lateral and medial double-plating fixation
(double-plate group): female in 6 cases and male in 6 cases; traffic accidents in 10 cases, falling injuries in 2 cases;
according to OTA/AO classification: type C1 in one case, type C2 in 2 cases and type C3 in 9 cases. Informed
consents for both study participation and publication of identifying information/images in an online open-access
publication were obtained from the participants. The study was approved by the ethic committee of the first affili-
ated hospital of Chongqing medical university. All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional and/or national research committee and with
the 1964 Helsinki declaration and its later amendments or comparable ethical standards.

Material. The lateral locking plate was produced by Zimmer or Synthes company and the medial plate used
was an anatomical plate on the medial side of distal femur or upper limber compressing plate.

Preoperative preparation. Patients with open fractures were all treated with debridement and suturing in
emergencies, of which the cases with fractures combined with vascular injury were all treated with vascular repair
and external fixation during operation. All external fixations were changed to internal fixation one week later.
All closed distal femoral fractures were treated with skeletal traction and cold therapy with lesion legs lifted and
fixation was performed when the swelling subsided.

Operative method. All operations were performed by the same group of surgeons and patients of both
groups were under general anesthesia.

Single-plate group: The anterior lateral incision of femur was made and the fracture sites were exposed. The
reduction of medial, lateral condyles, intercondylar and supracondylar fractures were performed one by one
and Kirschner wires were used for temporary fixation. One stage bone grafting was performed for bone defects
more than 1 cm. The lock plate with aiming sight was set under the muscle along the surface of the femur. After
the temporary fixation on the distal end with Kirschner wire, guide pin was drilled into the proximal end of the
fracture sites to keep the positions of fractures and plate. Assisted by x-ray examination of the fracture sites during
operation, the screws were implanted correctly and kept away from the articular cavity. Then stability of the knee
was evaluated by anterior and posterior draft test and stress test. If the varus stress test turned out positive and
rupture of the lateral collateral ligament was excluded, the medial plate was set. Finally, we washed the wound,
placed a negative pressure drainage tube, closed the incision layer by layer, and bandaged the leg up with an elastic
bandage.

Double plates group: The lateral plate was set as the single-plate group. When setting the medial plate, the
arcuate incision in the medial side of leg was made. Separated by layer by layer, the inferior segment of the femur
was revealed while the vastus medialis were retained. Then the medial plate was implanted, fixed by no less than
two screws on the distal fracture site. Finally, the knee varus stress test turned into negative.

Postoperative management. Prevention of infection, analgesia and anticoagulation for 7-10 days were
routinely performed. The drainage tube was usually pulled out within 72 hours after operation. For patients with
rigid internal fixations, isometric contraction exercises of the quadriceps and continuous passive motion (CPM)
of the knee were suggested immediately after surgery. Active knee flexion and extension exercises were suggested,
72 hours after operation. For patients with only distal femoral fractures, non-weight bearing walking with the aid
of double axillary crutches was suggested 5-7 days after operation.

Outpatient follow-up. Plain film was performed every 3 months after operation for monitoring the fracture
healing and whether there was loss of reduction and rupture of plate(s) and screws. Each patient was followed up
until the fracture union and no less than one year. According to the plain film and condition of the patient, it was
determined when partially loaded walking should be started and how to exercise step by step. Knee function was
evaluated by Kolmert’ standard, one year after surgery.

Statistical analysis. Statistical analysis was performed with IBM SPSS Statistics 21.0 software. The
measurement data were analyzed by rank sum test and the count data were analyzed by the chi-square test. A
P-value < 0.05 was significant.

References
1. Chen, X. P. Surgery (For 8 years and 7 years of clinical medicine). People’s Health Publishing House 8, 962-963 (2005).
2. Martinet, O., Cordey, J. & Harder, Y. The epidemiology of fractures of the distal femur. Injury 31, 62-63 (2000).
3. Stewart, M. J. Fractures of the distal third of the femur. Bone and Joint Surg. 48, 784-807 (1966).

SCIENTIFICREPORTS | (2018) 8:4863 | DOI:10.1038/s41598-018-23268-8 8



www.nature.com/scientificreports/

4. Bottlang, M. & Feist, F. Biomechanics of Far cortical Locking. Orthop Trauma. 25,21-28 (2011).
5. Wang, B. R, Jing, L. Y. & Ruan, Y. P. Double plate fixation of complex distal femoral fractures. Practical medicine 8, 867 (2005).
6. Wu, H. M., Wen, Y,, Liu, Z., Tang, H. & Xiong, Z. The effect analysis between single-plate internal fixation with lateral & medial-
plates internal fix. Journal of Clinical Orthopaedics 5, 542-544 (2013).
7. Fu, Z. G. Treatment of distal femoral fractures. The second session of Chinese orthopedic trauma magazine compilation of academic
papers. 1,2-4 (2013).
8. Lindahl, H., Oden, A., Garellick, G. & Malchau, H. The excess mortality due to periprosthetic femur fracture. A study from the
Swedish national hip arthroplasty register. Bone. 40, 1294 (2007).
9. Bhattacharyya, T., Chang, D., Meigs, J. B., Nd, E. D. & Malchau, H. Mortality after periprosthetic fracture of the femur. ] Bone Joint
Surg Am. 89, 2658 (2007).
10. Gujarathi, N. et al. Risk of periprosthetic fracture after anterior femoral notching. Acta Orthop. 80, 553-556 (2009).
11. Ritter, M. A. et al. The effect of femoral notching during total knee arthroplasty on the prevalence of postoperative femoral fractures
and on clinical outcome. Bone Joint Surg Am. 87, 2411-2414 (2005).
12. Zalzal, P.,, Backstein, D., Gross, A. E. & Papini, M. Notching of the anterior femoral cortex during total knee arthroplasty
characteristics that increase local stresses. Arthroplasty. 21, 737-743 (2006).
13. Bong, M. R. et al. Comparison of the LISS and a retrograde -inserted supracondylar intramedullary nail for fixation of periprosthetic
distal femur fracture proximal to a total knee arthroplasty. Arthroplasty. 17, 876-881 (2002).
14. Ricci, W. M. & Borrelli], J. Operative management of periprosthetic femur fractures in the elderly using biological fracture reduction
and fixation techniques. Injury. 38, S$53-S58 (2007).
15. Large, T. M. et al. Locked plating of supracondylar periprosthetic femur fractures. Arthroplasty. 23, 115-120 (2008).
16. Berend, K. R. & Lombardi, A. V. Distal femoral replacement in nontumorcases with severe bone loss and instability. Clin Orthop
Relat Res. 467, 485-492 (2009).
17. Bottlang, M. et al. Dynamic fixation of distal femur fractures using far cortical locking screws: a prospective observation study. J
Orthop Trauma. 28, 181-188 (2014).
18. Henderson, C. E. et al. Does locked plating of periprosthetic supracondylar femur fractures promote bone healing by callus
formation? Two cases with opposite outcomes. Iowa Orthop J. 28, 73-76 (2008).
19. Lujan, T.]. et al. Locked plating of distal femur fractures leads to inconsistent and asymmetric callus formation. J Orthop Trauma.
24, 156-162 (2010).
20. Sanders, R. Titanium versus stainless steel locked plates for distal femur fractures: is there any difference? Orthopedic Trauma
Service. Orthopedic Trauma Assoclarion abstract. 2008, 10-13 (2008).
21. Bottlang, M. et al. Effects of constructstiffness on healing of fractures stabilized with locking plates. AAOS 2010 abstract. 2010, 10-13
(2010).
22. Ricci W. M. Risk factors for failure of locked plate fixation of distal femur fractures: an analysis of 305 cases. OTA abstract. 2009,
Knee/Tibia. 2009, 7-10 (2009).
23. Ehlinger, M., Adam, P, Abane, L., Arlettaz, Y. & Bonnomet, F. Minimally-invasive internal fixation of extra -articular distal femur
fractures using a locking plate: tricks of the trade. Orthop Traumatol Surg Res. 97, 201-205 (2011).
24. Stoffel, K., Lorenz, K. U. & Kuster, M. S. Biomechanical considerations in plate osteosynthesis: the effect of plate-to-bone
compression with and without angular screw stability. Orthop Trauma. 21, 362-368 (2007).
25. Ehlinger, M. et al. Distal femur fractures. Surgical techniques and a review of the literature. Orthop Traumatol Surg Res. 99, 353-360
(2013).
26. Kolb, W. et al. Fixation of distal femoral fractures with the Less Invasive Stabilization System: a minimally invasive treatment with
locked -angle screws. Trauma 65, 1425-1434 (2008).
27. Gao, D. H,, Lin, A. R., Zhai, W. L. & Zhu, Q. A. Double-plating for comminuted fractures of the distal femur. Journal of Clinical
Orthopaedics 2, 102-105 (2003).
28. Jiang, L. B,, Yu, G. R,, Cao, Y. & Yu, W. Outcomes of Distal Comminuted Femur Fracture Applying in Medial and Lateral Double-
Plating Fixation. Medical Journal of Wuhan University. 36, 293-298 (2015).

Acknowledgements
We sincerely appreciated those who were followed up outpatient discussed in our manuscript. Thank you for the
contribution that you have made to the cause of human medicine.

Author Contributions

Z.B.B., Z.M.H. and S.C.G. designed the research and wrote the manuscript; Z.B.B. and S.C.G. conducted the
research; Z.B.B. and A.L.L. do the analysis. S.C.G. had primary responsibility for the final content. All authors
read and approved the final manuscript.

Additional Information
Competing Interests: The authors declare no competing interests.

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International
CE | jcense, which permits use, sharing, adaptation, distribution and reproduction in any medium or

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2018

SCIENTIFICREPORTS | (2018) 8:4863 | DOI:10.1038/s41598-018-23268-8 9


http://creativecommons.org/licenses/by/4.0/

	Comparison of Clinical Efficacy of Lateral and Lateral and Medial Double-plating Fixation of Distal Femoral Fractures

	Results

	Discussion

	Onset characteristics of distal femoral fractures. 
	Comparison of clinical efficiency of single plate and double-plating fixation of distal femoral fractures. 
	Some experience of minimally invasive treatment of distal femoral fractures by locking plate(s). 
	Population. 
	Material. 
	Preoperative preparation. 
	Operative method. 
	Postoperative management. 
	Outpatient follow-up. 
	Statistical analysis. 

	Acknowledgements

	Figure 1 1, 2, 3, 4 the preoperative X-ray and CT three-dimensional reconstruction of femur.
	Figure 2 5, 6 the X-ray of the femur, taken two days after operation.
	Figure 3 7, 8, 9 the X-ray of femur, taken by 1, 2, 3 years after operation.
	Figure 4 10, 11 the X-ray of the femur, taken after the plates were taken out.
	Figure 5 12 the knee function of the patient, taken 1year after operation.
	Figure 6 13, 14, 15, 16 the preoperative X-ray and CT three-dimensional reconstruction of femur.
	Figure 7 17, 18 the X-ray of femur, taken 18 months after operation, 19 the knee function of the patient, taken one year after operation.
	Table 1 Age distribution of patients from single-plate and double-plate group.
	Table 2 Gender distribution of patients from single-plate and double-plate group.
	Table 3 Injury factors of patients from single-plate and double-plate group.
	Table 4 The open degree and combined injury of patients from single-plate and double-plate group.
	Table 5 The fracture types of patients, from single-plate and double-plate group.
	Table 6 The extra locations of fractures in patients from single-plate and double-plate groups.
	Table 7 The operation time, intraoperative hemorrhage, healing time of patients from single-plate and double-plate groups.
	Table 8 The healing rates of patients from single-plate and double-plate group.
	Table 9 The bone grafting of patients from single-plate and double-plate group.
	Table 10 The knee function of patients from single-plate and double-plate group.




