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Background: In this study, our aim was to compare the results of the dual locking plate fixation technique and lateral locking
plate fixation technique for tibial bicondylar plateau fractures without posteromedial fragment.

Methods: We evaluated 20 patients who underwent surgical treatment due to bicondylar tibial plateau fracture between 2010
and 2015. Ten patients were included in group 1, in which a dual locking plate was employed, whereas 10 patients were included
in group 2, in which a lateral locking plate was used. In both groups, functional and clinical outcomes after treatment were rated
according to the Knee Society Knee Scoring System, Rasmussen functional score, and Rasmussen radiological score.

Results: The mean follow-up time was 24 months. There were no significant differences between the groups with respect to func-
tional and radiographic outcomes at the final follow-up.

Conclusions: In bicondylar tibial plateau fractures without posteromedial fragment, the lateral locking plate fixation technique

showed the similar clinical and radiological outcomes as the dual locking plate fixation technique.
Keywords: Bicondylar tibial plateau, Fracture, Locking plate fixation, Dual plate, Single plate

Treatment of complex tibial plateau fractures is techni-
cally difficult and controversial." Serious intra-articular
damage and soft tissue injury or inappropriate treatment
can lead to postoperative complications such as infection,
skin necrosis, nonunion, deformity, and arthrosis in tibial
plateau fractures.">” The goal in the treatment of tibial
plateau fractures is to provide anatomic reduction of intra-
articular fracture fragments while providing stability."”
Many different techniques of internal and external fixation
are used to treat these fractures.””
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The bilateral open reduction and internal fixation
technique have been favored by the Association for Osteo-
synthesis/Association for the Study of Internal Fixation.”
However, bilateral plating may require excessive dissection
through the injured soft tissue, leading to wound compli-
cations or compromised osteosynthesis."**® A minimally
invasive surgical approach is desirable for reducing the
additional soft tissue trauma.”” Some authors claimed bi-
condylar tibial plateau fractures can be stabilized with uni-
lateral locked plating technique while avoiding medial soft
tissue dissection."*”" This reduces complications associ-
ated with bilateral plate fixation, but it is unclear whether
it will maintain the acquired articular reduction compared
to bilateral plate fixation.””"” Dual locking plate fixation
technique and lateral locking plate fixation technique used
for tibial bicondylar plateau fractures as cited in the litera-
ture are shown in Table 1.*"'*"?

In a biomechanical study, it was reported that
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next steps were the same as in dual plating group. In this
group, we used the subchondral screws as long as possible
to secure medial part of the tibia. The choice of fixation
technique (either dual plate fixation [HGK] or lateral plate
fixation [CK]) was based on surgeons preference.

First-generation cephalosporin for antibiotic pro-
phylaxis and low molecular weight heparin for venous
thromboembolism were used 24 hours and 3 weeks, re-
spectively. All patients were encouraged to perform active
and passive range of motion exercises in the 2nd postop-
erative week after suture removal at the outpatient clinic
under the supervision by a physiotherapist.

Clinical and Radiographic Evaluation
In both groups, functional and clinical outcomes after
treatment were rated according to the Knee Society Knee

Fig. 1. (A) Preoperative radiograph showing
left tibial plateau fracture in a 36-year-old
male patient. (B, C) Radiographs taken 21
months after dual locking plate fixation.

Fig. 2. (A) Preoperative radiograph showing
right tibial plateau fracture in a 36-year-
old female patient. (B, C) Radiographs
taken 14 months after lateral locking plate
fixation.

Scoring System (KSS), Rasmussen functional score (RFS),
Rasmussen radiological score (RRS)."*'” Radiographic
healing was defined as callus bridging of three of four
cortices on anteroposterior and lateral radiographs as well
as painless weight bearing on the affected extremity.”” Ra-
diological assessments were performed in a comparative
manner with the contralateral side.

Radiographic examination includedcoronalalign-
ment of theproximaltibia, medial proximaltibial angle
(MPTA), tibiofemoral anatomic angle (TFAA), sagitta-
lalignment, and proximal posteriortibial angle (PPTA).
Radiologial measurements were carried out from immedi-
ately postoperatively to the last visit at the outpatient clinic
with 3-month intervals. The last clinical and radiological
evaluations were performed at final follow-up.
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Statistical Analysis

Statistical analysis was performed using IBM SPSS ver.
22.0 (IBM Corp., Armonk, NY, USA). Fisher’s exact test
and Pearson chi-square test were used to compare cat-
egorical data between groups. Mann-Whitney U-test and
Wilcoxon signed-rank test were used to compare continu-
ous data. A p < 0.05 was considered statistically significant.

Ethical Approval

This study was conducted in accordance with the ethical
guidelines of the Declaration of Helsinki and informed
written consent was obtained from all the patients. The
protocol was reviewed and approved by the Institutional
Review Board of Izmir Bozyaka Education and Research
Hospital (No. 29.12.2015-5).

RESULTS

Patient characteristics are presented in Table 2. The mean
follow-up time was 24 months (range, 13 to 56 months)
in group 1 and 27.8 months (range, 15 to 54 months) in
group 2 (p = 0.761). The most common cause of injury
was a traffic accident in 11 patients (55%), fall from height
in five patients (25%), simple fall in three patients (15%)
and crush injury in one patient (5%). No significant differ-
ence was detected between group 1 and group 2 in terms
of patient age, sex, fracture type, fracture side, time from

Table 2. Demographic Characteristics

Group 1 Group 2

Variable (n=10) (n=10) p-value
Age (yr) 51.3(34-73) 51.2(25-83) 0.880
Sex 1.000
Female 3 2
Male 7 8
AO classification 0.303
C1 4 1
C2 6 9
Side of involvement 1.000
Right 5 5
Left 5 5

24(13-56) 27.8(15-54) 0.761
7.8(3-15)  8.5(4-15)

Follow-up (mo)

Time from injury to surgery (day) 0.542

Values are presented as mean (range) or number.
Group 1: dual locking plate group, Group 2: lateral locking plate group.

injury to operation (p > 0.05) (Table 2). Three of these
fractures were open: two were Gustilo grade I and one was
Gustilo grade II. Open fractures were initially managed
with debridement and temporary fixation. The average
delay in definitive surgery was 7.3 days (range, 6 to 9 days)
in these patients. The bone defects were filled with allog-
enous bone graft in one patient (10%) in group 2.

There were no significant difference between the
groups with regard to KSS, RFS, RRS, VAS, and ROM at
the final follow-up (Table 3). According to the KSS, we
found four unsatisfactory results (two in group 1 and two
in group 2, 20%); the remaining 16 cases were graded as
good or excellent. Similarly, there were no significant in-
tergroup differences in TFAA, MPTA, and PPTA at the
final follow-up. However, there was a significant side-to-
side difference in TFAA of group 2 (p = 0.046). Further-
more, we detected significant side-to-side difference in
PPTA of group 1 (p = 0.035). We attributed this difference
to intraoperative malreduction measured on immediate
postoperative X-rays (Table 4).

All fractures were healed. There were no late or mal-
union cases. Partial and full weight-bearing were initiated
8 weeks and 12 weeks, respectively. The average time to ra-
diological union was 14 weeks (range, 9 to 16 weeks). Late
postoperative complications detected in group 1 were as
follows: arthrosis in six patients (60%; Kellgren-Lawrence
grade 1-3); flexion contracture in two patients (20%; 10°
and 15°); extension contracture in one patients (10%; 10°),
which occurred at the 5 mm tibial medial metaphyseal de-
pression and a total knee arthroplasty was performed at 15
months postoperatively; and superficial incision site infec-
tion in one patient (10%), which was resolved with antibi-
otic therapy and wound care. Late complications detected
in group 2 include arthrosis in four patients (40%; grade
1-3), flexion contracture in five patients (50%; range, 10°

Table 3. Functional Outcomes of Two Techniques

Variable Group 1 (n=10) Group2(n=10) p-value
KSS 79.1 (49-100) 72.9(30-94) 0.496
RFS 24.3 (16-30) 22.9(17-28) 0.238
RRS 15.8(10-18) 15.2 (6-18) 0.903
VAS 45(0-9) 5.5(2-9) 0.517
ROM (°) 120 (100-130) 119(110-130) 0.430

Values are presented as mean (range).

Group 1: dual locking plate group, Group 2: lateral locking plate group,
KSS: Knee Society Knee Scoring System, RFS: Rasmussen functional
score, RRS: Rasmussen radiological score, VAS: visual analog scale,
ROM: range of motion.
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Table 4. Comparison of the Radiological Outcomes between Group 1 and Group 2 and between the Injured Side and the Uninjured Side in

Each Group

Variable Group 1 (n=10)

TFAA (°)

Fracture side, early postoperative 3.9(2-6)

Fracture side, last visit 3.9(2-6)

Normal side 4.0 (2-6)
MPTA (°)

Fracture side, early postoperative 86.1 (82—89)

Fracture side, last visit 86.8 (84-89)

Normal side 87.2 (85-88)
PPTA (°)

Fracture side, early postoperative 5.3(2-7)

Fracture side, last visit 5.4(3-7)

Normal side 6.3 (5-8)

p-value* Group 2 (n = 10) p-value* p-value'

0.799 0.046 0.399
5.4 (2-13)
5.6 (2-15)
3.3(1-7)
0.221 0.779 0.545
86 (81-90)
86.3 (82-91)
86.1 (83-88)
0.035 1.000 0.903
5.4 (4-9)
5.5(4-9)

5.4 (4-6)

Values are presented as mean (range).

Group 1: dual locking plate group, Group 2: lateral locking plate group, TFAA: tibiofemoral anatomic angle, MPTA: medial proximal tibial angle, PPTA:

proximal posterior tibial angle.

*Statistical comparison of the last visit values between the fracture side and the normal side. 'Statistical comparison of the last visit values in the

fracture side between group 1 and group 2.

to 15°) and extension contracture in two patients (20%; 5°
and 10°). There was no significant difference in terms of
late complications between the groups (p = 0.582).

DISCUSSION

In this study, we compared the dual locking plate fixation
technique and unilateral locking plate fixation technique
in tibial bicondylar plateau fractures without posteromedi-
al fragment. We did not observe significant differences in
functional and clinical results between the groups, whereas
the TFAA values of group 2 and the PPTA values of group
1 in the operated extremity showed significant difference
when compared to those in the contralateral extremity.

The goals of operative treatment for the tibial plateau
fractures include anatomic reduction with restoration of
articular congruity and rigid fixation for recovery of previ-
ous range of motion."” There are many different surgical
techniques that have been advocated for the management
of bicondylar tibial plateau fractures such as dual buttress
plate fixation, locking plate fixation, external fixation, and a
combination of internal and external fixation.”*”**"*?

The advantages of dual plate technique are visual
reduction and maintenance of proximal tibial alignment,

but soft tissue complications and damage to the periosteal
blood supply are major concerns in this method of inter-
nal fixation.””” Some authors claimed a single lateral lock-
ing plate can decrease the risk of soft tissue damage and
wound infection, but it cannot provide sufficient stability
for multipart fractures.””"” The posteromedial fracture
fragment has been reported to have a frequency of 33% in
bicondylar tibial plateau fractures.”” A single lateral lock-
ing plate fixation may not allow adequate stability in all
bicondylar tibial plateau fractures.

Biomechanical and cadaver studies have shown that
the dual locking plate fixation technique in bicondylar
tibial plateau fractures allows less collapse when com-
pared with the lateral locking plate fixation technique.””"
Weaver et al."” reported that fractures with medial coronal
fracture lines had a higher rate of plateau collapse and loss
of reduction in lateral locking plate fixations. They came
to the conclusion that such fractures can be treated better
with double plates. For this reason, complex fractures with
posteromedial fragment were excluded from the current
study; because of their different treatment strategy.

Different scoring systems have been recommended
to evaluate functional results of tibial plateau fractures.
We used KSS and RFS in this study. With regard to these
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systems, there were no difference between dual and single
plating groups. In addition, in the literature, other series
have reported good/excellent scores in 65%-89% of sub-
jects.>™ Our results are comparable with those of other
published studies with 80% satisfaction rates.

Jiang et al."” reported a higher incidence of postop-
erative malalignment of the proximal tibia in the lateral
Less Invasive Stabilization System group than in the dual
plate group. Therefore, they suggested that the lateral lock-
ing plate cannot replace the conventional double plate
technique in bicondylar tibial plateau fractures."” Similar-
ly, another biomechanical study using the cadaveric model
of the bicondylar tibial plateau fracture revealed that the
double plate fixation resulted in less collapse in cyclic load-
ing than isolated lateral locking plates did. This suggests
that the lateral locking plate is not sufficient for bicondylar
tibial plateau fractures.””

In a biomechanical study by Mueller et al.,'” stability
in a tibial plateau fracture model was compared between
the unilateral locking plate fixation and the dual locking
plate fixation. The results were similar to those in the study
of Yao et al.” who suggested that the shape of the medial
condyle fracture plays a key role in single or double plate
application. They reported there was no significant differ-
ence in the incidence of early postoperative malalignment
and malreduction between dual plates and lateral locking
plates used to treat bicondylar tibial plateau fractures in
patients with a relatively intact medial condyle.

Similarly, in our study, radiological parameters in-
cluding TFAA, PPTA, and MPTA showed no significant
difference between the groups. Two significant differences
were noted only in the comparison with the uninjured
extremities in each group. In the lateral plating group, the
mean TFAA was changed from 5.6° to 3.3°. In the dual
plating group, the mean PPTA was changed from 5.4° to
6.3°. These differences were attributed to intraoperative
malreduction.

Soft tissue complications are a major concern in the
treatment of bicondylar tibial plateau fractures with plates
and the incidence is reported to range from 5% to 88%.””
Optimal timing for surgery, surgical time, soft tissue protec-
tion, and prevention of infection in tibial plateau fractures
are important factors.” With the use of a single incision and
less soft tissue damage, fracture healing may be improved as
in the lateral locking plate fixation technique.”*"”

Deep infection with plates has been reported to occur
in up to 22% in tibia plateau fractures."*”** In our study, we

had no deep infection cases. Superficial tissue infection de-
veloped in one patient in the dual plate group (10%), which
was treated by oral antibiotics and wound care. In the lateral
plating group, there was no sign of infection.

Studies have demonstrated that articular incongrui-
ty and joint instability can lead to early posttraumatic joint
degeneration.”” The incidence of osteoarthritis following
tibial plateau fractures is 17%-83%.” Since the follow-up
period in this study was relatively short, the incidence of
posttraumatic arthritis was not as high as that reported in
other studies. In total, 10 cases had signs of arthrosis (grade
I-IIT) when compared to the uninjured side (50%). We
though our results are comparable to those in other pub-
lished studies.

Nonunion of bicondylar tibial plateau fractures has
an incidence of approximately 4%.>”? Nutrient vascular
injury, bone defect, and lack of adequate fixation can cause
this complication.””*"**” There was no nonunion in our
study, which is related to the preservation of blood circu-
lation of tissues during surgery. A spongious bone defect
can easily occur in the tibial plateau fractures. The bone
graft does protect the mechanical support and prevent late
collapse.”***” In this study, a bone graft was used in one
patient in group 2.

One of the limitations of this study is the relatively
small number of patients, for which we could not perform
post-hoc analysis. In addition, the duration of follow-up
was short, and the study was performed retrospectively.
Studies with a larger number of cases performed in a ran-
domized controlled manner with a longer-term follow-up
may allow more accurate assessment. However, a major
advantage of this study is that we included only patients
with bicondylar plateau fractures without posteromedial
fracture fragment.

Dual locking plate fixation technique and lateral
locking plate fixation technique are effective methods in
the treatment of bicondylar tibial plateau fractures when
used properly. The lateral locking plate fixation technique
may provide comparable clinical and radiological out-
comes with dual locking plate fixation technique for the
treatment of bicondylar plateau fractures without postero-
medial fragment.
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