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Abstract

Introduction Although lateral locking plate has shown promising results in distal femur fracture, there are high rates of
varus collapse and implant failure in comminuted metaphyseal and articular fractures. This systematic review evaluates the
functional outcomes and complications of dual plating in the distal femur fracture.

Materials and methods Manual and electronic search of databases (PubMed, Medline Embase and Cochrane Central Register
of Controlled Trials) was performed to retrieve studies on dual plate fixation in the distal femur fracture. Of the retrieved
925 articles, 12 were included after screening.

Results There were one randomized-controlled, four prospective and seven retrospective studies. A total of 287 patients
with 292 knees were evaluated (dual plating 213, single plating 76, lost to follow-up 3). The nonunion and delayed union
rates following dual plate fixations were up to 12.5% and 33.3%, respectively. The mean healing time ranged from 11 weeks
to 18 months. Good to excellent outcome was observed in 55-75% patients. There was no difference between the single
plate and dual plate fixation with regards to the functional outcomes (VAS score, Neer Score and Kolmert's standard) and
complications. Pooled analysis of the studies revealed a longer surgical duration (MD —16.84, 95% CI —25.34, —8.35,
p=0.0001) and faster healing (MD 5.43, 95% CI 2.60, 8.26, p =0.0002) in the double plate fixation group, but there was no
difference in nonunion rate (9.2% vs. 0%, OR 4.95, p =0.13) and blood loss (MD —9.86, 95% CI1—44.97, 25.26, p=0.58).
Conclusion Dual plating leads to a satisfactory union in the comminuted metaphyseal and articular fractures of the distal
femur. There is no difference between the single plate and dual plate with regards to nonunion rate, blood loss, functional
outcomes and complications. However, dual fixation leads to faster fracture healing at the cost of a longer surgical duration.

Keywords Supracondylar femur fracture - Comminution; metaphysis - Periprosthetic fracture - Locking plate - Medial
plate - Distal femur plate - Double plate

Introduction

Distal femoral fractures represent 3—6% of femoral fractures
and 0.4% of all fractures [1]. It has a bimodal age distri-
N i bution with typical occurrence in the young individuals

P< Sujit Kumar Tripathy
ortho_sujit@aiimsbhubaneswar.edu.in; (around 20 years old, traffic or sport) and the older women
sujitortho @aiimsbhubaneswar.edu.in; (around 70 years old, fall at home, osteoporosis) [2, 3]. Sur-
sujitortho@yahoo.co.in gical fixation in these fractures aims to achieve anatomi-
cal articular reduction, preservation of the blood supply,
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plate construct with a medial plate reduces the chances of
failure [6-8].

The major concerns for medial plating are unfamiliar
approach, proximity to the neurovascular bundle and belief
among surgeons that it would compromise the medial vas-
cularity. However, a recent study has abolished the concept
of vascularity compromise with dual plating [9]. Rollick
et al. reported that there was a 21.2% total reduction in the
distal femoral arterial contribution after fixation with a lat-
eral locked plate via lateral sub-vastus approach; however,
a supplementary medial reconstruction plate (3.5 mm) fixa-
tion lead to a 25.4% total reduction in the vascularity [9].
It is evident that the majority of vascular insult secondary
to open reduction and internal fixation of the distal femur
occurs because of lateral locked plating and not from the
addition of a medial plate. Other studies have also reported
that there is a safe medial interval (up to about 16 cm proxi-
mal to the adductor tubercle) for plating with little danger to
the femoral artery, nerve and their branches [10-12].

In addition to the lateral distal femoral plate, medial plat-
ing was first reported by Sander's et al. in 1991 [13]. They
reported union all their patients who had a complex intraar-
ticular fracture (C2, C3). Subsequently, multiple small cases
series reported a satisfactory result [14-25]. Dual plating
stabilizes both the columns of the distal femur and provides
a stronger fixation in comminuted supracondylar femur frac-
tures, low periprosthetic fracture and nonunions [25-29].
However, it is not recommended routinely for these fractures
as the superiority to traditional lateral locked plating is not
proven with regards to union rate, functional outcomes, and
complications [3, 23]. Therefore, this systematic review was
designed to evaluate the available literature on dual plating
in distal femur fracture and compare the functional outcomes
and complications with the single lateral locked plate.

Materials and Methods
Searches of Database

The guidelines of Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) were followed to
report this systematic review [30]. This study was registered
in PROSPERO (CRD42021230418). Electronic searches of
the medical literature databases including PubMed, Medline,
EMBASE, and Cochrane Central Register of Controlled Tri-
als were done by three authors (SKT, PV, and NPM) on
December 1, 2020. The following keywords were used in
different combinations using Boolean operators: distal femur
fracture, supracondylar femur fracture, single plating, lat-
eral locking plate, dual plating, double plate, distal femur
plating, and medial femoral plating. The search was limited
to the English language and human beings (Table 1). The
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abstract of the retrieved articles was assessed to look for
possible inclusion in the study. If the abstract was inadequate
to give detailed information, the full text was extracted.
Bibliographic details of the selected studies were manu-
ally searched to retrieve more articles. Any discrepancies
in study inclusion were discussed among the authors, and a
fourth author was consulted in case of disagreement.

Study Eligibility Criteria

The following inclusion criteria were proposed for this
review: (1) the patients must have undergone distal femur
plating by both medial and lateral plates, (2) The study can
be a randomized controlled trial (RCT) or prospective study
or retrospective study, (3) The study must have evaluated
the union and clinical outcome after dual distal femur plat-
ing, (4) The study must have reported at least six months
of follow-up or till radiographic union. The following stud-
ies were excluded: (1) pediatric distal femur fractures, (2)
pathological fractures.

Outcome Measures

The primary objectives of this review were to compare the
time to surgery from injury, incision and implants used,
blood loss, mean operative time, time for healing, range
of motion (ROM) and functional outcome. The secondary
objectives were to look for complications and reoperations.

Data Collection

Data extraction (author, year of publication, study design,
intervention, follow-up and outcome) was done by using a
data extraction form by two authors (SKT, PV). The opinion
of a third author was sought in case there was any disagree-
ment between the authors.

Study Quality Assessment

The methodological quality and risk of bias of the studies
were assessed by two authors (SKT and PV) individually
using the Modified Coleman Methodology Score (mCCS)
[31]. The mCCS has two parts; part A has seven scales
(study size, mean follow-up, surgical approach, type of
study, description of the diagnosis, description of surgical
technique, description of preoperative rehabilitation), and
part B has two scales (outcome criteria and procedure of
assessing the outcomes). Each of these scales has subscales
with different allocated points. The total score ranges from
0 to 100, with a score of 100 indicating the highest study
quality.

As per the Oxford Center for Evidence-Based Medi-
cine [32], there were six retrospective case series (level IV
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evidence), one retrospective comparative study (level III),
five prospective randomized-controlled and prospective
cohort studies (level I and II).

Statistical Analysis

The extracted data from the comparative studies were ana-
lyzed using Review Manager (RevMan) V.5.3 [33]. For
binary data, the odds ratio (OR) and for continuous data,
mean difference (MD) or standard mean difference (SMD)
was calculated. A P-value of <0.05 was considered statisti-
cally significant. The heterogeneity among the studies was
assessed by Cochrane's Q (y* p <0.10) and quantified by I°.
I of 25%, 50%, and 75% were considered as low, moderate,
and high heterogeneity, respectively [34].

Results

Figure 1 shows the detailed steps for the literature search.
A total of 925 studies were retrieved after manual and elec-
tronic searches, of which 12 studies were found to be eligible
for review (Fig. 1). There were one randomized-controlled,
four prospective and seven retrospective studies. There were
three comparative studies between the single plate and dual
plate groups. The demographic profiles, surgical details and
inclusion—exclusion criteria have been provided in Tables 2
and 3. The 12 studies included a total of 292 knees (287

patients) (dual plating group 213, single plating group 76,
lost to follow-up 3). The number of female patients was
higher than male patients (male 113, female 174).

Study and Patient Characteristics

Three studies compared the single plate with dual plate [21,
23, 24]; the remaining nine studies evaluated the outcomes
of dual plating only [13-20, 22]. The patients recruited in
the studies were mostly young and middle-aged (> 16 years),
whereas Metwaly et al. recruited only the geriatric distal
femur fracture with age > 60 years [22]. The mean age in
the study by Steinberg et al. was also 76 years indicating the
elderly fracture cohort predominately[19]. Only one study
did not mention the age of the patients [15]. The patients in
both single pate and dual plate groups were homogenous
with regards to age, gender, BMI, other baseline characters
and associated injury in the operated knee. There were more
female patients than males in eight studies (Table 2).

Ten studies recruited patients with acute fracture [13,
15-17, 19-24] and two studies included distal femur non-
union [14, 18]. The study by Dugan et al. included only
open fractures where the debridement, antibiotic bead appli-
cation and lateral plate fixation was performed in the first
stage, and the medial plate application with bone grafting
was performed in the second stage [17]. The nonunion was
defined as an unhealed fracture with no radiographic signs
of the osseous union after a mean follow-up of 16 months

Fig.1 PRISMA Flow Diagram
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following previous surgery with lateral plate only. The study
by Zhang et al. [23] excluded periprosthetic distal femur
fracture, whereas Steinberg et al. [19] and Bologna et al. [24]
included periprosthetic fractures. Other studies did not men-
tion it (probably no periprosthetic fracture). Khalil et al. [16]
and Dugan et al. [17] exclusively studied the polytrauma
patients who had closed fractures and open fractures, respec-
tively. However, Metwaly et al. [22] and Zhang et al. [23]
had excluded polytrauma patients from their study. The
associated head, chest and abdominal injuries in polytrauma
patients were varying from 41 to 83%. Bai et al. noted an
increased incidence of multiple associated fractures (>2)
in the single plating group compared to dual plating [21].
Imam et al. [20], Zhang et al. [23] and Steinberg et al. [19]
excluded pathological fracture from their study, whereas
other studies didn't mention about this. The indications of
dual plating were comminuted articular or metaphyseal dis-
tal femur fractures, periprosthetic fracture with significant
metaphyseal comminution, geriatric fracture and nonunion.
The dual plating was preferred for C2, C3, A2 and A3 frac-
tures (Muller/AO classification) in the recruited studies.

Time to Surgery from Injury, Incision, Implants
and Bone Graft Used

Four studies included patients who were operated on within
two weeks from the injury [16, 19, 21, 22], whereas two
studies included distal femur nonunion with a mean time
from injury to surgery of >5 months [14, 18]. The remain-
ing studies did not mention the time from injury to surgery.
Dugan et al. operated through a staged procedure [17]. The
first stage of debridement and lateral plate fixation was per-
formed within 24 h, and the second stage of medial column
fixation was done after 3.6 months.

Two incisions were used for dual plating in five studies
[13, 18, 19, 21, 23]. A single midline incision was used in
eight studies [13—17, 20, 22, 24], out of which three studies
used tibial tubercle osteotomy [13, 16, 17]. Holzman et al.
[18], in their study on double plating for distal femur non-
union, used a single-stage medial approach if the previous
lateral distal femur plate was intact. The authors performed a
two-stage procedure if the lateral plate had failed, including
plate removal and lateral plate fixation in the first stage and
medial plating with bone grafting in the second stage. Simi-
larly, Dugan et al. fixed the lateral plate in the first stage of
debridement and medial plate during the second stage after
a mean period of 3.6 months when soft tissue has healed and
infection is controlled [17]. All studies published after 2002
used a distal femur locking plate on the lateral side, but the
fixation on the medial side was performed using different
plates ranging from countered non-locking plates to ana-
tomical medial locking plates. The medial plates used in the
studies were dynamic compression plate (DCP), low contact

dynamic compression plate (LCDCP), countered reconstruc-
tion plate, countered semitubular plate, anatomical medial
locked plate, countered proximal tibial plate, countered dis-
tal tibial plate, anatomical non-locked medial plate, upper
limb compression plate and straight locking plate countered
to the medial side. The recent studies preferred putting a
locking plate on the medial side and a lateral locked plate
(Fig. 2) [18, 22, 24].

Eight studies used primary bone grafting/ bone graft sub-
stitutes along with dual plating [13-18, 20, 21]; one study
(Metwaly et al. [22]) used it after six months for no signs of
the progressive union as a secondary procedure, and three
studies did not mention about bone graft [19, 23, 24]. The
autogenous bone graft was harvested from the iliac crest
in all eight studies [13-18, 20, 21]. The reamer-irrigator-
aspirator (RIA) system was used for harvesting the graft in
one study [18]. One study (Ziran et al.) used allograft mixed
with DBM [15], and four studies used bone morphogenic
protein (BMP), DBM or artificial bone [15, 17, 18, 21]. Bai
et al. noted significantly increased use of bone graft in the
dual plate group (91.7%) compared to the single plate group
(40.4%) [21].

Blood Loss and Mean Operative Time

Three studies [20, 21, 23] mentioned intraoperative blood
loss (mean blood loss in dual plating ranged from 228 to
814 ml), and five studies reported the mean operative time
[13, 20-23]. The mean time for dual plating was ranging
from 104 to 385 min. Bai et al. [21] and Zhang et al. [23]
compared the blood loss and operative time between single
and double plate groups. There was no significant difference
between these two groups in mean intraoperative blood loss
(Bai et al. [21] 513 vs 814 ml, p-value 0.270; Zhang et al.
[23] 220 vs 228 ml, p-value 0.636). The study by Zhang
et al. [23] reported a significant difference in operative time
between the single plate and double plate groups (88 min
vs 104 min, p =0.001); however, Bai et al. [21] found no
significant difference in mean operative time between the
groups (140 min vs 180 min, p =0.170).

Pooled analysis of the studies did not find a significant
difference in blood loss between single and double plate
fixations (MD — 9.86, 95% CI — 44.97, 25.26, p =0.58,
I?=14%); however, the surgical duration was significantly
high in the double plate fixation group (MD — 16.84, 95%
CI — 25.34, — 8.35, p=0.0001, I’=0%) (Fig. 3).

Nonunion, Delayed Union, Time for Healing
and Range of Motion (ROM)

The nonunion rate following dual plating in distal femur

fracture was ranging from 0 to 12.5%, and the incidence
of the delayed union was up to 33.3% (Table 4). However,
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Fig.2 A, 41-year-male with
comminuted distal femur
fracture (C3); B 3 months after
open reduction and internal
fixation with lateral locked
plate, the fracture didn't unite;
C, 7 months later, he was
referred to us with distal femur
nonunion and broken implant;
D; Four months after dual plat-
ing (lateral and medial locked
plate) the fracture united, but
the patient had restricted range
of motion

pooled analysis of three studies comparing single plate vs
double plate did not show any difference in the nonunion
rate (9.2% vs 0%, OR 4.95 [95% CI 0.62-39.83], p=0.13)
(Fig. 3).

The mean healing time for the distal femur fracture using
dual plates ranged from 11 weeks to 18 months. Three stud-
ies [21, 23, 24] compared the mean healing time in distal
femur fracture treated with single and double plates. Bolo-
gna et al. found a significant difference in mean healing time
between the two treatment groups [24]. The double plate
group healed earlier (12.5 vs 7 weeks, p =0.0012), but there
was no significant difference between the groups in time to
start the full weight-bearing. However, the other two stud-
ies found no significant difference in healing time between
these two groups (Bai et al. [21] 14.3 months vs 18 months,
p-value 0.559; Zhang et al. [23] 17 weeks for both groups,
p-value 0.652). The pooled analysis of the studies reported
earlier healing in the dual plating group compared to sin-
gle plate fixation (MD 5.43, 95% CI 2.60, 8.26, p = 0.0002,
F=0%).

The range of motion was less than normal following dual
plate fixation in the distal femur fracture. Sanders et al. [13]
reported < 90° flexion in 33.3% of patients and flexion con-
tracture of 5° in 44% of patients. Khalil et al. [16] found the

@ Springer

restriction of motion (< 110°) in 42% of patients. Metwaly
et al. [22] reported 3° to 5° less ROM in geriatric patients
after dual plating. Two studies (Zhang et al. [23], Bologna
et al. [24]) compared knee ROM between the two treat-
ment groups. Bologna et al. [24] found significantly higher
ROM in single plate groups (p =0.036); two patients of
double plate group in their series developed knee stiffness,
one required manipulation under anesthesia, and the other
required arthroscopic lysis of adhesions. Zhang et al. [23]
compared the knee ROM between single and double plate
groups at different time intervals (at 1 month, 3 months,6
months, and 1 year) in the postoperative period but found no
significant difference (1 month, 3 months, 6 months, and 1
year—p 0.548, 0.403, 0.719 and 0.692, respectively).

Functional Outcome

The functional outcomes were evaluated using Sander's
score, Neer's score and Kolmert's standard. Good to excel-
lent outcome was observed in 55%—-75% patients follow-
ing dual plate fixation. The outcomes were better with the
use of a medial locking plate. Zhang et al. [23] compared
the VAS score and Neer score between the single plate
and double plate groups at 1 month, 3 months, 6 months,
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1. Nonunion rate

Single plate Double plate Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Ci M-H, Fixed, 95% CI
Bai 2018 1 48 0 12 70.1% 0.79(0.03, 20.58] ﬁ
Bologna 2019 6 13 0 8 299% 14.73[0.71,307.82) = >
Zhang 2018 0 15 0 14 Not estimahle
Total (95% CI) 76 34 100.0%  4.95[0.62, 39.83] — e —
Total events 7 0
ity =171 = =0.19) PF=4 [ t ) |
Testfor vl (e:;;ct' ;Z 1 gg (F1' EF’u 12)1 = 0.01 0.1 10 100
e - Favours [single plate] Favours [double plate]
2. Bloodloss
Single plate Double plate Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Fixed, 95% ClI IV, Fixed, 95% Cl
Bai 2018 513 837.39 48 814 837.39 12 0.4% -301.00(-830.71,228.71] ¢ >
Zhang 2018 220 4551 15 22857 5081 14 996% -8.57 [-43.77, 26.63) _
Total (95% CI) 63 26 100.0% -9.86 [-44.97, 25.26] "q—'
i 2= = = cR= t + t t J
?et?;ogenemﬁ C;n : 12170 gfs ;EPO 5l;.28), PF=14% T 20 50 100
estfor overall effect: 2= 0.55 (P = 0.58) Favours [Single plate] Favours [Double plate]
3. Surgical time
Single plate Double plate Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Bai 2018 145 78.05 48 180 78.05 12 3.0% -35.00(-84.37,14.37]
Zhang 2018 88 1399 15 10428 938 14 97.0% -16.29(-24.91,-7.67) s 3
Total (95% Cl) 63 26 100.0% -16.84 [-25.34, -8.35) <o
Heterogeneity: Chi*= 0.54, df=1 (P = 0.46); = 0% k t + d
o ° -100 -50 0 50 100
Test for overall effect: Z= 3.89 (P = 0.0001) Favours [single plate] Favours [double plate]
4. Healing Time
Single plate Double plate Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Bai 2018 57.2 78.02 48 72 78.02 12 0.3% -14.80[-64.15,34.55] t
Bologna 2018 125 3218 13 7 3.218 8 99.7% 5.50[2.67,8.33)
Zhang 2018 17 0 15 17 0 14 Not estimable
Total (95% Cl) 76 34 100.0% 5.43 [2.60, 8.26] ¢
& a2 - - . ; iy t t {
Heterogeneity. Chi*= 0.65, df=1 (P=0.42); F= 0% S0 2o ) 50 100

Test for overall effect. Z= 3.76 (P = 0.0002)

Favours [single plate] Favours [double plate]

Fig. 3 Forest plot diagram shows the nonunion rate, blood loss, surgical duration and healing time between the single plate fixation and double

plate fixation group

9 months and 1 year following surgery and found no sig-
nificant difference. Bologna et al. [24] compared the time
for full weight bearing in these two groups. They found no
significant difference in the time to weight-bearing between
the single (8.0 weeks, range 8.0-12.5 weeks) and dual
(7.90 weeks, range 6.25-10.0 weeks) plate groups (p =0.32).
Bai et al. [21] compared Kolmert's standard in both these
two treatment groups but reported no significant difference
in good—excellent postoperative knee function between them
(p=0.692) (Table 4).

Complications and Reoperations

The infection rate in the dual plate fixation of distal fracture
was reported in 0 to 16.7% patients (Table 4). In the com-
parative study, there was no difference in infection between
single and dual plate groups. Knee stiffness was observed

in up to 25% of patients following dual plating. Ziran et al.
[15] reported that the associated injuries to the extremi-
ties interfere with physical therapy of the knee and causes
stiffness. Bologna et al. [24] reported better ROM in the
single plate group than the dual plate group. Three studies
reported hardware prominence and implant breakage. Met-
waly et al. [22] reported screw breakage and cut out in 26%
of patients, whereas Holzman et al. [18] reported 8.6% inci-
dence of medial plate prominence. Zhang et al. [23] found
an equal incidence of implant prominence in both single and
double plate groups (one patient in each group). The rea-
sons for reoperations or return to the operation theater were
manipulation under anesthesia (MUA) for knee stiffness,
quadricepsplasty, wound debridement, implant removal and
revision ORIF or bone grafting. A maximum of 16.7% of
patients needed MUA and quadricepsplasty in one study.
In the comparison of single and dual plate groups, Bologna

@ Springer
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et al. [24] noted a significant difference in the nonunion and
delayed union. There were six nonunions and three delayed
unions in the single plate group but no nonunions or delayed
unions in the double plate group (0.0049). However, Zhang
et al. [23] and Bai et al. [21] did not notice such differences
in their comparative studies. Bologna et al. [24] reported
revision ORIF in four patients in the single plate group;
however, none of the patients needed revision ORIF in the
double plate group (p — 0.13). Zhang et al. [23] compared
the complications between distal femur fracture treated with
single plating and dual plating. They found no significant
differences in complication rate between the two groups
(p=1.000).

Discussion

This systematic review revealed that dual plating leads to a
satisfactory union in comminuted distal femur fractures, low
supracondylar periprosthetic fractures, geriatric fracture and
nonunions. The review failed to find any difference between
the single plate and dual plate with regards to functional
outcomes and complications. The meta-analysis of the com-
parative studies reported no difference in nonunion rate and
blood loss between the single plate and double plate fixation
groups. However, double plate fixation had a longer surgical
duration and lesser fracture healing time. The findings of this
systematic review are limited by the inclusion of different
types of fracture (but definitely with appropriate indication),
different medial implants and different outcome assessment
methods.

After a detailed analysis of the studies, the indications
of dual plating in the distal femur fracture are clear. As per
AO classification, it was used for A2, A3, C1, C2 and C3
fractures of the distal femur. Similarly, few studies opted for
the dual plate in very low periprosthetic fracture and non-
union following previous plate fixation for the above type
of comminuted metaphyseal or articular fractures [10, 19].
Rajasekaran et al. applied an objective method for dual plate
fixation [5]. After correction of the lower limb alignment at
the fracture site, if the medial void was more than two cms,
they advised for medial plating with bone grafting.

Several surgical approaches have been adopted in the
literature; both medial and lateral approaches, the anterior
medial/lateral parapatellar approach and modification of the
extensile Olerud approach with TT osteotomy [14-25]. The
extensile approach with TT osteotomy is probably not advis-
able as there is no additional advantage of this approach
compared to the anterior parapatellar approach in terms of
visualization and ease of fixation to the articular part and
the medial and lateral surfaces. TT osteotomy is indicated
only when there is extensive fibrosis in the distal part of the
femur because of repeated surgery, and the patella cannot
be everted or mobilized [35]. The most common fixation

technique was the fixation of the plates on the medial and
lateral surface of the distal femur [13, 16-24]. However,
Ziran et al. and Chapman et al. placed the plates on the lat-
eral surface and anterior surface (anteromedial) of the dis-
tal femur through the lateral parapatellar approach [14, 15].
Ziran et al. observed arthrofibrosis in 14% of their patients
[15]. They believed that associated injuries in the extremities
restricted an early rehabilitation and associated extensive
damage to the suprapatellar tissue contributed to the stiff-
ness. However, the placement of the anterior plate beneath
the quadriceps cannot be excluded as a cause for a high
stiffness rate in their series. They stressed on the meticu-
lous repair of the suprapatellar pouch to prevent adhesions
between the quadriceps and bone surface.

The comparative studies included in this review were
ideal candidates for dual plating [21, 23, 24]. Accordingly,
the findings of the limited meta-analysis reveal whether dual
plating is superior to single plating or not. Bologna et al.
included articular distal femur fracture with extensive met-
aphysical comminution (OTA-AO classification, 33-C2 or
33-C3) in addition to periprosthetic fracture, but Zhang et al.
recruited only comminuted metaphyseal fractures (OTA
33-A2, 33-A3) [23, 24]. The study by Bai et al. followed a
different strategy; their decision was based on intraopera-
tive findings. After fixation of the lateral locked plate, they
applied a varus force, and if it was positive, they proceeded
for dual plating [21]. However, after fixation of a lateral
locked plate, no one would expect a noticeable movement at
the fracture site with the varus force. The whole of the lateral
locked plate and screws act as a single unit, and it is usually
rigid enough to resist any movement. It fails over a period of
time when repetitive loading occurs on the construct. "How
much force was applied?", "what was the duration of force
application?" and "how did the authors appreciate the move-
ment" remained debatable? This intraoperative assessment
method does not seem appropriate. Instead, a preoperative
decision for dual plating should be taken based on radio-
graphic (X-ray, CT scan) fracture pattern [10, 27].

Most of the studies in this review augmented their dual
fixation with bone grafting. Bottlang et al. evaluated lateral
locking plate fixation strength in a fracture model with a
bone defect of about 1 cm. They noted a cortical displace-
ment of < 0.3 mm with an axial force of 400 N, and it was
within the acceptable range of micro-movement (0.2—1 mm).
Therefore, the intraoperative bone graft is recommended for
bone defects of > 1 cm [36].

Several biomechanical studies have proven that dual plate
fixation provides more rigid stability to the distal femur frac-
ture when compared to a single plate [6—8]. However, criti-
cal damage to the medial vascularity by the medial approach
and plate fixation was not observed in the previous studies
[9]. In agreement with this, the finding of the current meta-
analysis of the comparative studies revealed faster healing

@ Springer
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(mean difference 5.4 weeks) with dual plate fixation with-
out additional risk of excessive intraoperative blood loss.
However, the surgical duration was significantly longer in
the double plate fixation group. Although a better union rate
((9.2% in single plate group vs 0% in double plate group)
was observed with dual plate fixation, it was statistically
insignificant. Undoubtedly, the dual plate provides rigid sta-
bility by stabilizing both the columns of the distal femur and
preserving the vascularity on the medial side. One would
expect the restriction of motion in dual plate fixation because
of overstuffing and fibrosis with two incisions. In this review,
most of the case series revealed a lesser range of motion [13,
15, 16, 22], but one comparative study failed to notice any
difference between the single and dual plate fixation groups
[23]. Recently, Beeres et al. reported minimally invasive
double plating osteosynthesis for the periprosthetic distal
femur fracture and nonunions [10]. The main advantage of
this technique is early postoperative weight bearing even
in the elderly frail patient in addition to minimal surgical
dissection.

This review revealed a comparable functional outcome
between the dual plate and single plate fixation [21, 23, 24].
Although isolated case series on dual plating showed an
increased risk of infection (reported up to 16.7%) and knee
stiffness (up to 25%) [16, 19, 20, 22, 23], the comparative
studies did not notice such a difference. Overall there was no
difference in complication rate between the single and dual
plate fixation groups.

Although this systematic review synthesizes important
information, there are certain limitations. Most of the stud-
ies are retrospective in nature, and the sample size is small.
The recruited patients in the studies are from different age
groups, and there are variations in surgical approach, frac-
ture characteristics, type of implant and outcome assessment
methods. The patient recruited in the studies were from a
heterogeneous population. One study excluded peripros-
thetic fracture [23], whereas two studies included these frac-
tures [19, 24]. Other studies did not mention it (probably no
periprosthetic fracture). Some studies included only closed
fractures, and others considered both closed and open frac-
tures. The duration of presentation after trauma also differed
markedly. The medial plate application in few studies was
performed during the revision procedure. The numbers of
comparative studies are also less.

Despite these limitations, this systematic review affirms
that dual plating has an excellent union rate in the indicated
cases. It is indicated in comminuted distal femur fractures,
periprosthetic fracture with significant metaphyseal commi-
nution and nonunion. It is recommended for C2, C3, A2 and
A3 fractures (AO classification). The available limited evi-
dence supports that there is no significant difference between
the single plate and double plate regarding union rate, func-
tional outcome, intraoperative blood loss and complications.

@ Springer

However, the dual plate fixation leads to faster fracture heal-
ing at the cost of a longer surgical duration.
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